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ABSTRACT:

This thesis has proposed the following: "that mechanical disorders of the upper 

cervical spine are an important cause of headaches".

Four hypotheses were developed to investigate this thesis.

1. Upper cervical spine dysfunction plays an important role in headache etiology.

2. The importance of this role is more or less, depending on the type of 

headache.

3. Cervical dysfunction can be assessed and characterized by a range of 

standard clinical methodologies employed in manual therapy.

4. The cervical dysfunction involved in these types of headaches is treatable by 

spinal manipulative therapy and this results in clinical benefit for patients with 

these conditions.

Four areas of evidence from my published work have been summarized to support this 

thesis.

A. An anaesthetized animal model of upper cervical deep somatic inflammation has 

provided pathophysiologic responses which could be the origins of headaches of 

cervical origin, particularly the type currently known as "cervicogenic headache".

B. Clinical descriptions have been redefined to reveal common features which could be 

grouped together and attributed to pathologies or dysfunctions in the regions 

investigated in the animal model.

C. A new form of questionnaire was developed which produced evidence of an 

association between headache and neck pathology or dysfunction.



D. An extensive literature review revealed reported associations between headache 

and neck pathology in diverse works, particularly those involving manual assessment 

and therapeutic procedures in the cervical spine.

The evidence from such diverse sources strongly supports the hypotheses developed 

here and my thesis, that- 

mechanical disorders of the upper cervical spine are an important cause of 

headache.



I. INTRODUCTION:

Painful conditions related to the cervical spine are the second largest group of 

complaints which present to chiropractors [1-3]. These conditions can be categorized 

as: 1) neck pain only, 2) neck and arm pain, and, 3) various types of headaches (HA). 

The mechanisms of pain generation in these categories include local tissue injury and 

inflammation, neuropathic pain and referred pain from the deep somatic structures in 

this region.

The etiologies of these conditions span a wide spectrum from relatively benign causes 

to seriously traumatic, and clearly pathologic, causes. The benign mechanical causes 

include postural strain, stress-related strain, work-related injury and external traumata. 

Sources of traumata extend from simple mechanical strains through sport-related 

injuries to motor vehicle accident-induced whiplash, with or without head concussion. 

The differential diagnosis of these pain syndromes should always consider organic 

pathology of the musculoskeletal, cardiovascular and nervous systems.

Any investigation of pain related to the cervical spine and its potential relation to head 

pain, requires knowledge drawn from many sources, and a holistic approach such as 

the "biopsychosocial model [4] is useful. Basic sciences provide the necessary 

anatomical, physiologic and biomechanical foundations. Clinical epidemiology defines 

population issues such as incidence and prevalence as well as associated societal, 

occupational and environmental co-factors. Clinical sciences define the various 

syndromes of interest, their associated symptoms, their methods of clinical assessment 

and the best methods of treatment. The psychosocial disciplines provide a basis for 

humanistic care, recognizing that the best practitioners do not merely care for cervical 

spine-related pains, but for the people suffering with these problems. 

The foregoing discussion illustrates the tableau from which the investigator interested in 

neck-related pain syndromes can draw inspiration for his or her specialized studies. 

Figure 1 shows the schema which I have adopted for my studies into the relationship



between headache and the cervical spine and its assessment and management by 

manual therapeutics.
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Figure 1. Model of the Relationship
between Headache, Upper Cervical Spinal Dysfunction

Assessment and Manual Therapy

My primary research interest has been headache pain associated with the cervical 

spine. My primary thesis is that mechanical disorders (cervical dysfunctions) of 

the upper cervical spine are an important cause of headache. The role of 

mechanical disorders of the cervical spine can be described as primary, secondary or 

unrelated [5]. Primary disorders are ones in which cervical dysfunction is the causal 

agent of the headache. In secondary disorders, cervical dysfunction is understood 

either as one of the perpetuating factors or as one of the somatic manifestations of 

other primary processes. In the third category (unrelated), cervical dysfunction plays no 

role. I have attempted to elucidate, from a variety of sources, the precise relationships 

between upper cervical joint dysfunction and headache in the primary and secondary 

categories.



Hypotheses:

My thesis is supported by the results of testing four hypotheses:

1. Upper cervical spine dysfunction plays an important role in headache etiology.

2. The importance of this role is more or less, depending on the type of headache.

3. Cervical dysfunction can be assessed and characterized by a range of standard 

clinical methodologies employed in manual therapy.

4. The cervical dysfunction involved in these types of headaches is treatable by spinal 

manipulative therapy and this results in clinical benefit for patients with these conditions.

1. I first wished to investigate the underlying physiologic and pathophysiologic 

mechanisms of upper cervical spinal pain and the motor and sensory responses it 

evokes. In collaboration with Dr's. Barry Sessle and Jim Hu, as a clinical consultant, we 

developed an animal model of cervicogenic headache [6-9, 10-14]. This work will be 

described in the section on "Animal Model of Cervicogenic Headache". I have also 

proposed, in numerous articles and text chapters, a set of mechanisms of muscular, 

joint and neural dysfunction in the upper cervical spine and the relation of these to 

headaches. This work will be discussed under "Mechanisms of Cervicogenic 

Headache".

2. Applying the pathophysiologic mechanisms which I have proposed to the clinical 

situation rationalizes manual therapy. This part of my work involved methodologies of 

clinical description and clinical assessment. Much of my work has been to develop and 

refine many of these methodologies. This work appears in [15-19]. I have also 

contributed to the debate as chief editor of two texts on the upper cervical spine which 

included contributions from leading experts on the nature and treatment of these types 

of headache [20,21].



One of my major propositions in these publications is the need for a broad perspective 

regarding CH, in contrast to the narrower perspective advanced by other groups who 

use this term [22-26]. This work is summarized in the section of this thesis on "Clinical 

Mechanisms in Headaches of Cervical Origin".

3. The next stage of my work investigated methods of clinical assessment of neck pain 

and CH [27]. This required the development of several new instruments and methods, 

since cervical dysfunction had typically not been incorporated into the methodologies of 

medical diagnostics. In this area, I developed the first instrument for assessing self- 

rated disability due to neck pain: the Neck Disability Index (NDI) [28-31]. Virtually all of 

the subjects included in these studies have suffered with headaches. In fact, the item 

"headache" has consistently been the highest scored one, often surpassing "neck pain" 

itself. This work is summarized in "Manual Therapy Assessment of HCO".

4. The final component of the evidence supporting my thesis derives from an analysis 

of the results of studies of therapeutic interventions in the cervical spine for headache. 

This involved reviewing the literature on all clinical trials employing such methods [16- 

19, 32], conducting a survey of chiropractic specialists' best-practices [33] and, most 

recently, by initiating a randomized, placebo-controlled clinical trial to investigate the 

effect of chiropractic treatment of tension-type headache. This work is summarized in 

"The Treatment of HCO by Manual Therapeutics".

Approach to a thesis:

This thesis will be organized according to the areas outlined above, rather than as a 

chronologic review of the studies included. This approach is preferred because, as with 

most studies extending over several years, the individual investigations following a 

specific theme did not follow strict chronologic order.



Prior to a review of the studies, the epidemiology of tension-type and cervicogenic 

headaches will be reviewed in order to inform the general reader of the extent of these 

conditions. I will then discuss the pathophysiology of cranio-cervical dysfunction and 

review basic science studies we conducted which explored the pathophysiology of 

upper cervical-evoked cranial pain and muscular reactions in an animal model. I will 

then discuss my work on the clinical features of upper cervical dysfunction in headache 

patients. Finally, I will discuss my work on the clinical efficacy of spinal manipulative 

therapy in the treatment of headache.
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II. THE EPIDEMIOLOGY OF TENSION-TYPE AND CERVICOGENIC HEADACHES

This section of the thesis derives from work published in [20; and Vernon et al. Clinical 

Trial Proposal]

II.A TENSION-TYPE HEADACHE (TTH)

Tension-type headache (TTH) is the most prevalent form of benign, primary headache 

[34-37]. The terminology of this category of headache has evolved from the earliest 

classification of the NIH Ad Hoc Committee [38]. This type of headache has been called 

"tension headache" as well as "muscle contraction headache". The most recent 

definitions derive from the Classification of the International Headache Society (IHS) 

[39], where the term "tension-type headache" (TTH) was proposed and was described 

as: "a bilateral headache of mild-to-moderate intensity experienced with an aching, 

tightening or pressing quality of pain which may last from 30 minutes to 7 days and 

which is not accompanied by nausea or vomiting and in which only one of photo-or 

phonophobia may be experienced" [39].

The IHS defined two forms of TTH, "episodic" and "chronic". The distinction between 

the two forms is based solely on the frequency of headache days. In "episodic" TTH 

(ETTH), headaches are experienced in no more than 180 days per year, while in 

"chronic" TTH (CTTH), headaches (HA's) occur more than 180 days per year.

IIA.1 EPIDEMIOLOGY OF TTH 

IIA.1.1 Prevalence

A small number of population-based studies on TTH exists, the most recent of these 

reporting on Canadian [40], US [41], Danish [42], German [43] and Finnish [44] 

populations. These studies have employed various survey methods, including
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telephone interviews [40, 41], mail surveys [43, 44] and subject interviews [42]. All but 

one [42] of the most recent of these studies have employed the IMS criteria for TTH 

described above. With one exception [42], these studies have involved large, randomly 

selected samples with good response rates (see Table 1).

TABLE 1: Prevalence of Tension-type Headache: Recent Studies
Authors

Pryse-Phillips 
etal., 1992 [40]

Honskaalo et 
al., 1993 [44]

Gobel et al., 
1994 [43]

Rasmussen et 
al. 1995 [42]

Schwartzetal., 
1997 [41]

Locale

Canada

Finland

Germany

Denmark

America

Survey 
Method

telephone

mail

mail

interview

telephone

Sample Size

2,905

22,809

5,000

1,000

13,345

Prevalence 
Rate

Lifetime prev. 
for HA = 
58%*; for 

TTH = 21%
Prev. for 
once weekly 
TTH= 7- 
17%
Lifetime prev. 

for TTH = 
38.3%

Lifetime prev. 
for all TTH = 

66%; for 
once-weekly 
TTH = 20- 

30%
Lifetime prev. 

for TTH = 
38.3%

(* % = percent of population reporting having headache)

Several studies reported a slight predilection in females for TTH [40-42, 44]; but Gobel 

et al.[43] failed to confirm this. Similarly, some studies reported an increased 

prevalence in those aged 25 -45 [40], while others found no increasing trend with age 

[41-44]. Schwartz et al. reported higher prevalence rates in whites and those with 

higher education.
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In summary, the reported prevalence rates vary from approximately 10 - 65%, 

depending on the classification, the description and the severity of headache features. 

In general, these rates derive from large, randomly selected, well-representative 

samples. The consistency of findings, particularly among urban populations, leads to 

the conclusion that slightly more than one third of the adult population suffers from this 

problem.

IIA.1.M Frequency of Headaches

The findings of several studies [40,43, 44] agree that only 3% of TTH sufferers 

experience headaches more than 180 times yearly (in other words, are classified as 

CTTH). Rasmussen et al. [42] reported that the percentage who suffer TTH more than 

once weekly (over 52/yr) is 20-30%. Gobel et al. [43] reported that only 28% suffer TTH 

more than 36 times yearly. Honskalo et al. [44] reported that yearly frequency 

increased with age, varying from 7.3 and 13.5 per year for males and females aged 

below 30 years to 27.7 per year for both genders older than 65 years. This increase 

appears to be linear from one decade of adulthood to the next.

IIA.t.iii Severity of Headaches

TTH is, by definition, a milder, less severely painful form of headache than migraine or 

other primary categories (cluster headache, cervicogenic headache). Gobel et al. [43] 

reported that headache severity varied from mild, moderate to severe in 22, 68 and 10% 

of TTH sufferers, respectively. Rasmussen et al. [42] reported that 58% of their TTH 

sample had "mild, infrequent conditions." Including these subjects in their study 

produced the highest reported prevalence rate. Schwartz et al. [41] used a pain-rating 

scale and reported mean (+/- 1SD) headache severities of 4.98 (1.99)/10 for ETTH and 

5.55 (2.10) /10 for CTTH. In their sample, 62% were classed as moderately severe, 

while 25% were mild and 13% severe, closely matching Gobel et al.'s figures.
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In summary, it appears that at least 50% of TTH sufferers rate their headaches as 

moderately or severely painful.

IIA.I.iv Psychosocial Impact

The range of psychosocial impacts of TTH includes disturbances of daily activities, 

disturbed quality of life, workdays lost or disturbed as well as the costs of these 

disruptions. In Pryse-Phillips et al.'s study [40], 44% of TTH sufferers reported a 

significant reduction in their activities of daily living (ADL) due to headache (with a mean 

duration of 18 hours of disrupted ADL per year) while 8% reported taking at least one 

day off work from their last headache. In a follow-up study of the Canadian sample, 

Edmeads et al. [45] reported that a high proportion of TTH sufferers endured adverse 

effects on their relationships with 89% reporting adverse effects within the family, 71% 

with friends and colleagues and 80% with their physical activities.

According to Rasmussen et al. [42] 60% of TTH sufferers reported an adverse effect on 

work capacities, with 12% missing one or more work days per year. They estimated a 

work-loss rate of 820 days/1000 people per year for a total of 2,300,000 annual work 

days lost in Danish society.

In Schwartz et al.'s US sample [41], 8.3% of subjects reported lost work days (with a 

mean of 9 days per person per year) while 43.6% reported "reduced-effectiveness" days 

(mean: 5 days).

IIA.2 Treatment of TTH

Treatment of TTH varies widely within both medical and non-medical circles. Also, the 

patterns of health care utilization by TTH sufferers are variable. According to Edmeads 

et al. [45], 45% of their sample of TTH sufferers had consulted with a physician and, of 

these, 32% were subsequently referred to a specialist.
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In contrast, the Danish results reported by Rasmussen et al. [42] are much lower, with 

only 14% attending a physician and 4% receiving specialist referrals.

IIA.2.1 Medical Approaches:

Medications remain the mainstay of the medical approach to managing TTH. Two basic 

approaches exist, namely, symptom relief or abortive therapy (given every time a HA 

occurs) and prophylactic therapy (given on a regular basis for HA prevention). 

Edmeads et al. [45] reported that 90% of their TTH sample used over-the-counter 

(OTC) medications which typically included analgesic or anti-inflammatory drugs. 

Twenty-four percent (24%) used prescription medications, which typically included 

stronger doses of the OTC drugs as well as muscle relaxants and combination drugs. 

Only 3% were on prophylactic medications, which included low-level anti-depressants 

and serotonin-enhancing agents (SSRI's).

Wober-Bingol et al. [46] reported on 210 headache sufferers referred to two Austrian 

specialist centers. Thirty-nine percent (39%) of subjects were on some form of 

prophylactic regimen; however, in only 9% was this a medication regimen. Of the 19 

cases who were receiving anti-depressants, 11 reported them to be effective.

IIA.2.M Non-medical approaches:

There is considerable variety in the non-medical approaches to the treatment of TTH. 

Edmeads et al. [45] reported that 34% of their headache sample has used non-medical 

forms of treatment, although these may have included a broad spectrum from 

psychological-based to physical therapies to non-pharmacologic remedies.
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Rasmussen et al. [42] reported that 5-8% of their headache respondents had sought 

care from physiotherapists or chiropractors. Wober-Bingol et al.'s [46] study of 

specialist - level patients reported that 29% had received prophylactic physiotherapy 

with only a quarter reporting that it was effective.

In an earlier study, Graff-Radford et al. [47] reported that 35% of their specialist - level 

headache subjects (U.S. sample) had previously received chiropractic treatment.

Several studies from chiropractic college clinics (see [1]) estimate between 5-10% of 

patients present to chiropractors with a primary complaint of headache. According to 

Kellner and Wellman [2], 10% of the chiropractic patients in their small survey of 

alternative health practitioners reported that headache was their primary complaint. 

Interestingly, this figure was the largest amongst the five complementary/alternative 

medicine (CAM) practitioners surveyed and was considerably larger than the 

percentage reported for the family physicians who were also surveyed.

Most recently, Hurwitz et al. [3] reported that 2.3% of US chiropractors' patients present 

primarily with headache, although 13.5% presented with neck pain which may include 

headache.

IIB. CERVICOGENIC HEADACHE (CH) 

IIB.1 Description and Epidemiology

Only recently, the role of the cervical spine in headache has become increasingly well 

acknowledged. Despite the wealth of writing in chiropractic, osteopathic, 

physiotherapeutic and manual medical circles (see reviews in [5, 20, 21]), as recently as 

the late 1980's, cervicogenic headache was poorly recognized in orthodox circles. The 

diagnostic label "cervicogenic headache" (CH) was coined in 1983 by Sjaastad [22-25],
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although numerous other labels existed such as "headache of cervical origin", "cervical 

headache", vertebrogenic headache" and "spondylitic headache".

As Pollman et al. [25] and Vincent and Luna [26] have recently noted, many older 

publications dating from 1926, (with the cases of Barre), to those of Bartschi-Rochaix 

[48] and Hunter and Mayfield [49] in 1949, and Campbell and Parsons [50] in 1944 and 

1954 likely involved cases of putative cervicogenic headache. From 1983-1987 

Sjaastad and his colleagues [22-24] as well as other European investigators [51, 52] 

expanded on the topic and provided sufficient basis for the International Headache 

Society Classification [39] to include "cervicogenic headache" as a distinct entity 

(category number 11). The criteria for this category of headache, shown in Table 2, 

were broader and more inclusive than Sjaastad's original description, as this was 

challenged by some (Vernon [16-19], Bogduk [53-55]) as being so restrictive as to 

relegate this headache type to a rare variant. Recognizing this situation, Bogduk, has 

proposed a new definition of CH, which has been adopted by the North American 

Cervicogenic Headache Society:

"Referred pain perceived in any region of the head caused by a primary 

nociceptive source in the musculoskeletal tissues innervated by cervical nerves" 

(Bogduk, personal communication).

Furthermore, a recent classification from the International Association for the Study of 

Pain (IASP) [56] adds the additional criterion of successful abolition of the headache by 

anaesthetic blockade of the appropriate upper cervical nerves as a diagnostic factor. 

The confusion in applying these various classification or diagnostic schemes is 

exemplified in two recent studies. Persson and Carlsson [57] reported on 81 subjects 

with cervical and/or radicular arm pain, 67% of whom also reported experiencing 

headache. When they applied the IHS criteria, 81% of these cases were classified as 

having CH. When using Sjaastad's 1990 criteria [58], only 28% received the same 

diagnosis. They concluded that "cervical headache has no unique features that differ
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from those of tension-type headache, and it would perhaps be appropriate that the 

diagnosis of CH is incorporated in the diagnosis of TTH" ([57] pg. 223).

Leone et al. [59] applied all of the differing classification schemes to 940 primary 

headache cases and found very few who manifested any unique features of CH which 

could not be subsumed in either TTH or migraine diagnoses. In fact, the boundaries 

between cervicogenic headache, tension-type and migraine headaches were and 

continue to be quite blurred, particularly on the issue of bilaterality. Another limitation 

which confuses the diagnostic picture is that many of the features of CH cited in Table 2 

are physical signs which the astute clinician must obtain from careful physical and 

radiologic examinations [58].

If the headache pain pattern is not so distinct as to immediately point to the diagnosis 

(as in cluster headache or, perhaps, migraine with aura) and if the less astute clinician 

does not include examination of the neck in his or her assessment, then those features 

critical to the CH diagnosis could be absent from the clinical assessment. An erroneous 

diagnosis of tension-type or migraine without aura might then be made, and the 

opportunity to address the possible cervicogenic etiology of the headache will be lost. 

In this way, the prevalence of CH is very likely underestimated.

Table 2: Features of Cervicogenic Headache

1. Unilateral pain without sideshift.

2. Reduced range of neck motion.

3. Provocation of pain by neck movements, awkward neck positions or suboccipital 

	pressure.

4. Associated neck or non-radicular shoulder/arm pain.

5. Pain radiates from neck to anterior head (particularly frontal & ocular).

6. Moderate pain intensity (no throbbing pain).

7. Varying durations of pain including continuous fluctuating pain.
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8. Minor associated symptoms and signs (non-obligatory) including: 

nausea, vomiting, dizziness 

photo-and phonophobia 

difficulty swallowing 

"blurred vision" in ipsilateral eye.

(Modified from [39]).

Given the diagnostic confusion cited above, it is understandable that studies of the 

prevalence of CH (in either the general population or in headache samples) are fraught 

with difficulties and variations. A wide range of frequencies is reported in the literature. 

Leone et al. [59] found CH in only 0.7% of their headache sample, while Pffafenrath and 

Kaube [60] found CH in 13.8% of their larger headache sample, with 6% suffering 

exclusively from CH. Using the IHS criteria along with careful questioning about 

cervical dysfunction, Nilsson [61] found an annual prevalence of CH in a Scandinavian 

population to be approximately 15%. This is roughly at the lower end of prevalence 

estimates for TTH [41, 42] and is identical to the prevalence of migraine headaches 

cited in these reports. This is far from the rare variant headache suggested by the work 

of the early 1980's.

In conclusion here, TTH and CH are highly prevalent clinical conditions which are 

associated with significant impact on the daily lives of sufferers and on the health care 

system. While the IHS Classification provided a needed step forward in clarifying the 

characteristics of these two types of headaches, investigators have since found that 

they both share many features which make accurate diagnosis more difficult than was 

originally thought. One of these areas is the role of the cervical spinal dysfunction, as 

proposed in the hypotheses of this thesis. In order to further investigate this issue, the 

pathophysiological mechanisms of referred pain from the upper cervical spine become 

an important area of interest.
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Ill PATHOPHYSIOLOGY OF HEADACHE OF CERVICAL ORIGIN 

IIIA Mechanisms of Cervicogenic Headache

According to Bogduk the cervical source of headache may lie in any of the structures 

innervated by the first three cervical nerves [53, 54]. As such, a thorough knowledge of 

upper cervical innervation patterns is useful in understanding the pathophysiology of the 

condition. Before considering these patterns, it is convenient to categorize these 

somatic tissues according to location, as follows:

1. Extrasegmental

Long occipito-thoracic muscles lie relatively superficial in the neck and include 

trapezius, sternocleidomastoid and splenius cervicus. The occipito-frontalis muscle 

may also be related to cranial pain. Other important structures lying extrasegmentally 

include the vertebral artery (implicated in the Barre-Lieou syndrome [5, 20, 62] and 

vertebrobasilar ischemic syndrome) as well as the ascending sympathetic chain and 

superior cervical ganglion. Older theories implicated compression or irritation of these 

sympathetic structures in generating cranial pain and cranial vasomotor dysregulation. 

These theories have fallen out of favour.

2. I nterseg mental

These structures include the classic spinal joints and deep spinal muscles, i.e. the 

semispinalis occiput and cervicalis, multifidus and suboccipital muscles (posterior, 

lateral and anterior). There is no intervertebral disc between CO-1 and C1-C2. The 

suboccipital articulations include the bilateral atlanto-occipital joints, the bilateral atlanto- 

axial joints, the atlanto-dental joint, Joints of Luschka and the C2-C3 intervertebral disc. 

The suboccipital region contains a large number of specialized ligamentous structures 

(see: Kapandji [63] for an excellent review).
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3. Intraseamental

This category involves the neural and vascular structures contained in the intervertebral 

environment of C1-C2 and the intervertebral foramina of C2-C3. Specifically, the 

anterior and posterior rami of C1 and C2, the C2 dorsal root ganglion as well as the C3 

posterior nerve root. Bogduk's reviews of upper cervical anatomy [53, 54] are 

particularly extensive.

4. Infrasegmental

This category includes the spinal cord and lower brainstem. Of particular importance is 

the spinal tract of the trigeminal nerve which consists of descending afferents from the 

trigeminal sensory ganglion which terminate as far caudally as C3 in the spinal nucleus 

of the V nerve. The descending tract contains three components: the pars oralis 

(upper), pars intermedialis and the pars or subnucleus caudalis (lowest). These afferent 

fibres terminate on the same second order neurons as do the afferents from the upper 

three cervical roots. The second order neurons form a continuous column of cells 

called the "trigemino-cervical nucleus" by Bogduk [64] and the "medullary dorsal horn" 

by Gobel [65] This "neural anastomosis" of converging afferents is the fundamental 

neuroanatomical basis by which painful structures in the upper cervical region might 

generate referred pain to the cranium (see below).

IIIA.1 Innervation patterns:

C1 and C2 anterior ramus:

deep anterior suboccipital muscles 

posterior dura 

posterior cranial vessels
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the C2 anterior ramus contains the sensory fibres of the hypoglossal nerve which run 

in the ansa hypoglossus.

C1 posterior ramus:

The C1 posterior ramus is very small, but its existence was shown by Kerr [70].

The C1 anterior ramus:

superior oblique muscle

C2 posterior ramus:

the C2 posterior ramus has two branches - the medial branch becomes the lesser 

occipital nerve and innervates Rectus Capitus Posterior Major & Minor and the medial 

C1-C2 joint and ligaments.

the lateral branch is the largest posterior ramus of the spine and is called the Greater 

Occipital Nerve (GON). The GON gives off an articular branch to the lateral C1-C2 joint 

as well as a muscular branch to the inferior oblique. It then courses posteriorly and 

superior to pierce between the semispinalis capitus and trapezius muscle insertions 

where it becomes cutaneous and innervates the skin of the posterior skull till the 

midline.

The C3 posterior ramus has been referred to as the "third occipital nerve" by Bogduk 

[53, 55] and it innervates the C2-C3 Z-joint and deep muscles as well as providing a 

recurrent meningeal nerve which innervates the C2-C3 IVD.
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1MB An Animal Model of Cervicogenic Headache:

In this next section, a series of studies examining brainstem/spinal cord mechanisms of 

head/face/neck pain will be discussed. In 1988,1 began a collaboration with Dr. Barry 

Sessle of the University of Toronto, Faculty of Dentistry, Oral Physiology Laboratory. 

Sessle and his colleagues had already conducted investigations into the input of upper 

cervical afferents, predominantly through C2, into trigeminal brainstem mechanisms as 

part of their extensive mapping of the sensory organization of the medullary dorsal horn. 

This term, coined by Gobel [65], was used to refer to the extension of the spinal tract 

and nucleus of the fifth cranial nerve (V), particularly the subnucleus caudalis, into the 

upper cervical spinal cord. They were developing the work of Kerr [66] and Bogduk [54, 

64], among others, which had established the clinical implications of upper cervical pain 

being referred to the cranial region and perceived as headache.

While their previous work (see below) had concentrated on oro-facial sources and 

mechanisms of pain, they welcomed the opportunity to expand their research into the 

upper cervical region. They also appreciated the importance, to chiropractic science, of 

developing an animal model of what (as described above) had come to be termed 

"cervicogenic headache".

The first group of studies (1981 -1992) that I will review represent earlier work from the 

University of Toronto, Faculty of Dentistry, Oral Physiology Laboratory of Dr. Barry 

Sessle and his co-investigator Dr. James Hu. I was not involved in these studies; 

however, they form the foundation for the later work in which I was involved. These 

studies were mainly concerned with mechanisms subserving facial, oral and dental 

pain, with some emphasis on deep somatic pain from the tongue and 

temporomandibular joint (TMJ).

The later work (1993-2001) includes studies of deep somatic pain from TMJ and upper 

cervical spinal tissues. The methodologies of these studies, while briefly and
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generically reviewed below, are presented in the published works, and the reader is 

referred directly to these publications (Appendix 1) for much greater detail. All these 

studies were conducted with the full approval of the University of Toronto Animal Care 

Committee and conformed to the guidelines for pain studies in animals from the 

International Association for the Study of Pain [67] and the Ontario Act for Animal 

Research.

In 1981, Hu et al. [68] reported on the functional properties of feline trigeminal 

subnucleus caudalis neurones in response to both noxious and non-noxious stimuli in 

the oro-facial region in anaesthetized cats. Populations of low threshold 

mechanoreceptors (LTM), nociceptor-specific (NS) and wide dynamic range (WDR) 

neurones were located. WDR/NS neurones (as well as some LTM's) responded to 

stimulation of the hypoglossal and superior lingual nerve (all neurones had oro-facial 

cutaneous RF's). One third of all caudalis neurones recorded also responded to 

noxious tooth pulp stimulation. A minority of these caudalis neurons (from 12-15%) 

were found to project to the thalamus, while 33 - 50% projected to the subnucleus oralis 

of V, another part of the trigeminal system.

Subsequently, Sessle et al. [69] demonstrated that stimulation of the Nucleus Raphe 

Magnus (NRM) and the Periaqueductal Grey Matter (PAG), two nuclei known to be 

involved in antinociceptive mechanisms at the spinal cord level, produced brief periods 

of inhibition of caudalis neuronal firing. Additionally, peripheral conditioning stimuli in 

the oro-facial region (and even in the forelimb) induced similar inhibitory effects.

Sessle et al. [70] investigated the wide range of tissue sources providing inputs into the 

feline subnucleus caudalis itself. For LTM, WDR and NS neurones respectively, the 

percentage of neurones (numbers tested in parentheses) which responded to electrical 

stimulation is shown in Table 3:
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Table 3 : Sources of afferent input to the subnucleus caudalis
TISSUE

Skin

Superior Lingual N.

Tooth pulp

C2/C3 mixed 
nerve

C3 muscle nerve

Hypoglossal N.

Temporalis or 
masseter muscle

LTM
(%/#)

100(209)

28(160)

37(173)

17(152)

25 (32)

21 (166)

7(123)

WDR
(%/#)

100(19)

68(19)

84(19)

61 (18)

100(3)

58(19)

25(12)

NS
(%/#)
100(31)

56 (34)

50 (36)

46 (33)

29(7)

52 (33)

21 (28)

% = percent of neurons responding; # = total number of neurons mapped; LTM = low threshold mechanical; WDR = wide dynamic 
range; NS = nociceptive specific

These data demonstrate the wide range of inputs into these multi-convergent cells 

including skin, deep somatic and visceral sources. The high prevalence of C3 input 

onto WDR cells confirms their importance in potentially generating referred head or 

neck pain.

Amano et al. [71] then highlighted the contribution of muscle afferents from the jaw and 

tongue in the feline model. Muscle afferents stimulated by chemical or electrical means 

activated predominantly WDR and NS caudalis neurones. The majority of these 

afferents were regarded as nociceptive by virtue of their long latency/high threshold 

responses and the predominance of small fibers in the muscle nerves tested. Many of 

these neurones also responded to tooth pulp stimulation. This study provided evidence 

in the subnucleus caudalis of inputs from both cutaneous and deep (muscular) 

structures and illustrated central convergence - a form of functional organization - of 

these afferents which might provide a basis for referred craniofacial pain.

Broton et al. [72] extended this work to include articular afferents from the TMJ in the 

anaesthetized cat. Again, WDR and NS neurons were especially responsive to algesic 

and electrical stimulation of the TMJ capsule. These afferents were likely nociceptive
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for the same reasons as described above for Amano et al. (36). A picture of multi- 

convergence within the subnucleus caudalis was now emerging involving the 

organization of cutaneous oro-facial inputs with those from tooth pulp, facial/jaw 

muscles, tongue and the TMJ.

Hu [73] described similar features in the rat subnucleus caudalis. Overlap of cutaneous 

oro-facial and deep (hypoglossal nerve) inputs was a feature of the WDR and NS 

populations. Hu demonstrated that the evoked responses in the rat subnucleus 

caudalis could be attenuated by tail and forepaw noxious stimulation, thereby 

demonstrating that these neurones were subject to diffuse noxious inhibitory controls 

(DNIC) [74], further evidence of their role in craniofacial nociceptive processing.

This investigation was followed by a study of changes in the response properties of 

single caudalis neurones after algesic stimulation (via 5% mustard oil) of the masseter 

muscle [75]. Algesic (vs control) stimulation resulted in long-lasting (20-30 min) but 

reversible expansion of the cutaneous receptive fields, increase in spontaneous firing 

and decrease in the threshold to firing.

I joined this group in 1988 with the intent of developing an animal model of spinal 

inflammatory pain. Given their expertise in the cranio-facial area (both theoretically and 

technically), a collaboration involving a model of upper cervical deep tissue 

inflammatory irritation was a natural and easy extension of their previous work. In 

several instances, we were able to repeat previous experiments with the simple 

modification of the site of inflammatory irritant injection. In several other instances, 

important technical modifications were required and occupied considerable time and 

resources of the group. Interestingly, these latter experiments proved to be very fruitful 

and served to advance the group's experimental repertoire.
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In our first study, Yu, Hu, Sessle and Vernon (unpublished), sought to identify the input 

characteristics of the entire medullary dorsal horn, i.e. from caudalis subnucleus to the 

C2 level in the rat. We found noci-responsive neurones were somatotopically organized 

in a medial-to-lateral direction as one moved caudally within the nucleus. At 2mm 

caudal to the obex (caudalis) neurons received only trigeminal (V) input, while at 3mm 

(lower caudalis), 8% of neurons recorded from received C2 input. Table 4 displays data 

on the proportions of caudalis/upper cervical neurones from 4mm below the obex 

receiving convergent input from various levels tissue sources.

LEVEL

C1(4mm)

C1(5mm)

C2(6mm)

C2(8mm)

C2(9mm)

C2 only

29%

45

41

53

19

V only

57

41

23

0

0

CandV

29

35

41

12

0

Cervical

14

21

18

50

35

Cand L

0

0

9

19

41

L only

0

0

9

19

24

Table 4. Percentage of neurones receiving somatic input from C2 only, Trigeminal (V) 
input only, combined C2/V, cervical, cervical and limb and limb only sources.

As such, no cervical inputs were found in the mid-caudalis and a minor amount of C2 

input was found in the lower caudalis. C2 and V inputs were found extensively, but 

exclusively at the C1 level, while, at the C2 level, this pattern continued but also 

included minor lower cervical and limb inputs. Below C2, C2 inputs were still found, V 

inputs were decreasing, while cervical and limb inputs predominated. These data 

identified the C1-C2 spinal cord region as one which is somatotopically organized and 

with extensive C2 and trigeminal convergence, with a significant proportion of these 

neurones responding to both C2 and V input. We also found that no cervical units 

responded to hypoglossal nerve stimulation while many V units did.
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Yu et al. [76] explored the differential effects of cutaneous vs deep (tongue muscle) 

sources of input on neuroplasticity of caudalis neurones. They found that mustard oil 

injection in the tongue induced expansion of both cutaneous and deep receptive fields, 

while cutaneous (facial) injection induced expansion of cutaneous RF's only. They 

concluded that "deep inputs are especially effective in inducing neuroplastic changes" 

[76] (pg. 1704). This would appear to be due to the finding that deep inputs are 

effective in inducing expansion of both deep and cutaneous RF's, whereas cutaneous 

inputs result in RF expansion in cutaneous RF's only. This may explain the greater and 

longer lasting sensory disturbances in pain conditions involving deep tissues as 

compared to those involving only the skin.

In 1993, Hu et al. [6] published a study which has significant implications for 

chiropractors and others interested in spinal pain of mechanical origin. Notwithstanding 

the obvious interest of Sessle's group in cranio-facial/TMJ pain, almost all of the studies 

on deep pain mechanisms by other investigators in the field had involved the tissues of 

the peripheral limbs [77, 78]. Their work was crucial in elucidating many of the 

neurophysiologic mechanisms described above. Remarkably, however, virtually none 

of this work involved the deep tissues of the spine; this is in spite of the very high 

prevalence of mechanical spinal pain syndromes [79]. Gillette and his colleagues [80, 

81] published studies on deep pain of lumbar spine origin, but no animal studies of deep 

pain mechanisms related to the cervical spine had been conducted. This includes the 

upper cervical region, the afferents which, as described above, are known to connect 

with the trigemino-cervical nucleus. As such, Hu et al.'s report on the response of neck 

and jaw muscles in rats in response to mustard oil injection in the deep upper cervical 

paraspinal muscles represented a significant and unique step forward in our 

understanding of spinal pain mechanisms. This was of particular relevance to 

mechanisms of cervico-cranial pain.
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In this model, EMG recordings were made of two jaw muscles - digastric and masseter - 

and three neck/spinal muscles - the trapezius and bilateral rectus capitus posticus 

major. Injections were made percutaneously into the left deep paraspinal region around 

the C1-C2 level, typically in the deep, peri-articular fibers of the left rectus capitus 

posticus major and multifidus muscles. The inflammation induced by this injection was 

confirmed subsequently, both morphologically and histologically.

After first conducting paired trials of mineral oil (control) injection to confirm that serial 

injections did not volumetrically provoke any EMG increases, a series of 19 

preparations were studied whereby a 20-minute baseline period was followed by a 

control injection of mineral oil. EMG recordings were made for a further 10 minutes, 

followed by an injection of either mineral oil or mustard oil (MO), with 30 - 40 minutes of 

further EMG recordings. The sites of injection and the magnitudes of EMG recordings 

for 9 rats are shown in Fig. 2, while the aggregate data for all 19 rats are shown in time 

series in Fig. 3. Several important points emerge:

Extent of Extravasation

f ¥ V 35 ;i

Magnitude of EMG Activity

T

Figure 2. Location of left deep upper cervical inflammatory irritation by mustard oil 
injection. lpsi.= ipsilateral; contr. = contralateral
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Figure 3. EMG responses in neck and TMJ muscles to inflammatory irritation of the left 
deep neck region. * p < .05, ** p < .01

1. All muscles recorded an early increase of EMG activity which was statistically 

significant compared to controls (black vs open circles in Fig. 3);

2. Irritation of a deep paraspinal source evoked very large increases of EMG activity in a 

superficial muscle, the trapezius, which did not receive injectate;
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3. Activation of the contralateral rectus capitus posticu major (RCPMa) muscle occurred 

in every case, although to a lesser degree than on the ipsilateral side. While spread of 

the injectate to the opposite side may have occurred, Fig. 3 shows that this was the 
exception;

4. Irritation in a paraspinal site provoked activation of ipsilateral jaw muscles, although 

to a lesser degree. The duration of jaw muscle activation was well beyond the time 

frame for the clench reflex typically observed in any pain experiment;

5. Activation of the deep spinal muscles followed a biphasic course with an early 

response lasting for 5 - 8 min followed by a silent period of 15 - 20 min which was then 

followed by an increase in EMG activity. This biphasic activation is very reminiscent of 

the response reported to occur in the formalin model in awake rats [82].

These findings supported, for the first time, the notion that injury to the deep spinal 

tissues provokes both local and contralateral as well as "distal" muscular activation, 
likely as a protective response. These results also imply that reflex connections exist 

between upper cervical afferents and both local spinal and trigeminal motoneurones 
which subserve the muscular activity observed. In terms of chiropractic theory, these 

findings provide evidence of muscular hypertonicity induced by a form of painful spinal 
dysfunction ("subluxation inducing local and distal muscular reactions").

In 1995, Yu et al. [7] replicated the EMG study described above while injecting mustard 

oil into the rat TMJ. Of interest are the following findings, particularly as compared to 

the neck/EMG study (see Figure 4):

1. Ipsilateral digastric and masseter muscle activity increased significantly over control 

levels;
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2. Only, slight, brief increases in contralateral masseter muscle EMG activity over 

control was found. This is in contrast to the larger, more prolonged responses in the 

contralateral RCPMa found in the neck/EMG model;

3. Only one phase of activation was noted in any of the muscles, lasting up to 10 min 

post-injection. This is in contrast to the biphasic pattern observed in the RCPMa 
muscles in the neck model;

4. No increase in trapezius or deep neck muscle EMG was found. This is in contrast to 

the finding of increased (albeit of a smaller magnitude) activity in the jaw muscles 
evoked by irritation of the deep neck muscles.

A comparison of the neck vs TMJ EMG studies reveals differences in the pattern of 

evoked muscle activity depending on the site of experimental inflammatory algesia. 

Responses in rats to TMJ injection appear to be more focal and confined to the jaw 
muscles on the lesioned side. No neck muscle activity is evoked. Irritation of the spinal 

(axial) tissues appears to evoke a more diffuse pattern involving contralateral segmental 
muscles, superficial regional muscles and, to at least some degree, activation of "distal" 

jaw muscles. One explanation for these differences may be a more diffuse divergence 
pattern of spinal nociceptive afferents and either their direct or indirect connections to 

the cervical and trigeminal motor nuclei.

32



Miners! o3 MustaxJ oil

ty

**
p<
os
lu

w 
o 
o
e
r
O
o
.5 *<P 
a"i 
a:

lp. digastric

>58 •« -30 '19 ->B 6 '6 JO 38

Time fminj 

Figure 4. EMG responses to inflammatory irritation of the TMJ.

In 1995, Hu et al. [10] reported on a similar EMG study using mustard oil applied to 

posterior meningeal/dural vascular tissues (see Figure 5). These tissues are exposed 

during preparation of the experiment because of the required removal of the 

posterior/vertex region of the skull. Mustard oil (MO)/mineral oil applications were made 

directly onto the dura and the sagittal sinus. Again, after a 20 minute baseline where no 

EMG activation occurred, mustard oil, but not mineral oil induced EMG activity
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increases in the left masseter muscle (small increases), left deep neck muscles (large 

increases, lasting for up to 40 minutes), the right deep neck muscles (moderate 

increases, lasting up to 35 min) and the left trapezius (large increases lasting up to 30 
min).

Mustard Oil

Left Deep Nock

Right Deep Neck

Figure 5. EMG responses to inflammatory irritation of the posterior meningeal tissues

These results confirm that posterior cranial structures, which are innervated by the C1 - 

C2 anterior primary rami, make similar synaptic convergence into the trigemino-cervical 

nucleus and provoke similar muscular responses as do the posterior deep muscles 

innervated by the posterior primary rami of C1-C2. These results support the notion
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that both referred pain and "referred" reflex muscle spasm can arise from painful 

disorders of the meninges and dural vessels of the posterior cranium such as meningitis 

and, more importantly for chiropractors, migraine headache. The "subluxation"-type 
findings in the upper cervical spine which may be observed by clinicians on careful 

manual assessment of their patients [27] may, therefore be a manifestation of viscero- 

somatic reflex disturbances, making diagnosis and treatment of these disorders all the 

more challenging. To our knowledge, this study represented the first report of spinal 

somatic dysfunction (as spinal muscular hypertonicity) induced by a "visceral" irritative 

source, i.e. the classical viscero-somatic reflex disorder.

In related studies Angus-Leppan et al. [83] and Goadsby et al. [84] demonstrated that 

stimulation of the superior sagittal sinus and the occipital nerve (posterior ramus of C2) 

activate similar second order neurones in the dorsolateral area of the upper cervical 

cord and the subnucleus caudalis.

The recent work in Sessle's laboratory has concentrated on two areas: 1] the 

neurochemical mechanisms involved in deep pain from the TMJ and deep neck tissues, 
and, 2] single unit recording studies of upper cervical neurones in response to deep 

neck (as opposed to TMJ) experimental inflammatory pain.

In 1996, Hu et al. [13] replicated the 1993 neck/EMG study with a view to elucidate 

aspects of neurochemical involvement. The reader will recall that the response pattern 

of the deep neck muscles (bilaterally) was often biphasic, beginning with an initial 

elevation lasting about 10 min followed by a return to baseline and, after about 20 min, 

a return of elevated EMG activity. This second activation phase was proposed to be 

due to a combination of central sensitization of dorsal horn neurones and sustained 

tissue inflammation producing summation of enhanced C-fibre firing. We hypothesized 

that the middle phase might be produced as a result of active suppressive or inhibitory 

mechanisms evoked in response to the initial nociception. We further hypothesized that
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this suppressive phase may be subserved by an opioid mechanism. This mechanism 

might have features similar to DNIC.

Previously, in 1994, Yu et al. [8] had demonstrated that injection of naloxone, an opioid 

antagonist, could produce a "rekindling" effect on the EMG output of TMJ-inflammation 

induced muscular activation. In order to confirm this hypothesis, we "manipulated" the 

paraspinal-inflammation model by injecting an opioid receptor antagonist, naloxone, 

within one to two minutes of the commencement of the second phase of EMG silence.

A dose-dependent naloxone-induced "rekindling" effect on the EMG recordings was 

demonstrated (see Figure 6). At the highest dose, injection of naloxone resulted in an 

average EMG increase of 83% of the original mustard-oil induced EMG activity. It 

appears that the normal physiologic response to injury involves mechanisms designed 

to suppress the initial protective muscular responses (perhaps as part of an overall anti- 

nociceptive response). However, in the presence of sufficient and persistent tissue 

irritation, this inhibitory process is overcome and the nociceptor-driven EMG activity is 

reactivated.
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EMG CHANGES IN NECK AND JAW MUSCLE
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Figure 6. EMG responses to inflammatory irritation of the deep cervical muscles after 
naloxone injection 30 min following irritation.

Yu et al. [11] explored the neurochemical mechanisms involved in mustard oil-induced 

central sensitization. The TMJ/EMG model was combined with injections of several 

blocking agents in the periphery, including lidocaine, a local anaesthetic, naloxone, and 

MK801, an NMDA-receptor blocker. They found that lidocaine significantly attenuated 

the EMG activation of the masseter and digastric muscles but not the plasma 

extravasation in the TMJ region. This confirms that the MO-induced EMG increase is 

reflex-based. Naloxone induced rekindling of the MO-induced EMG activity once 

suppression had occurred. Various dosages of MK801 (locations: intra- 

cerebroventriclar, intravenous and directly into the TMJ; dosages: ranging from .01 to .5 

mg/kg) reduced EMG activity. Particularly, the application of MK801 peripherally into

the TMJ region (at .1 but not at .01 mg/kg) reduced muscular responses. These results
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support the conclusion that glutamate mechanisms are involved in the induced 
muscular responses for both central and peripheral mechanisms, a finding not 
previously reported.

Finally, Hu, Sun, Zhang and Vernon (in preparation, and [14]) have created a model 
whereby single dorsal horn neuron (DHN) recordings can be made of responses to 
deep neck mustard oil injection. This model required considerable innovation in the 
surgical procedures used for the TMJ study. This is because the standard method of 
implantation of the recording electrodes requires the use of a stereotaxic apparatus to 
stabilize the preparation while the recording electrode is implanted. Furthermore, the 
usual procedure is to perform a laminectomy of atlas and axis posterior structures in 
order to expose the spinal cord for implantation of the recording electrode from above. 
Performing these procedures produces three highly undesirable effects when the 
objective is to study DHN responses to inflammatory irritation of the deep neck muscles:

1] Obviously, the posterior neck tissues are either removed or damaged, rendering them 

useless for MO injection;

2] a significant amount of bleeding occurs which would further prevent posterior tissue 

injection;

3] the surgical procedure itself may induce considerable nociception (despite the 
adequate general anaesthesia) and may produce a degree of central modulation such 
as DNIC, that might have (and probably has) affected the dorsal horn neuronal 

responses.
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Caudalis

C.DH

Electrode Track.

Lesion Mark

C,DH

C,DH

Figure 7. Electrode path for single unit recording in the C1 dorsal horn (DH) 

10 Min Before MO 5 Min Before MO

2 Min After MO 10 Min After MO

20 Min

40 Min

30 Min

Brash RF 
Pinch RF

Figure 8. Expansion of receptive field of neuron in Figure 7 pre- and post-deep upper 
cervical inflammatory irritation
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To avoid these difficulties, a new surgical technique was devised known as the "minimal 

trauma technique". Under fluoroscopic guidance, the recording electrode is threaded 

down the medulla through a small hole in the superior skull. The termination of this 
electrode implantation is confirmed, both radiographically and, subsequently, 

histologically. Figs. 7 and 8 show one preparation with the recording electrode 

implanted near a wide dynamic range (WDR) neuron in the upper cervical cord. The rat 

figurines demonstrate the baseline touch and pinch receptive fields (RF's) which, after 

percutaneous injection of MO into the C1-C2 paraspinal region, are seen to expand to 

include, by 20 min, the entire facial region. While this work is still in progress, it 

represents the first report of the somato-sensory consequences of cervical spinal 

joint/muscle injury. Gillette and his colleagues have reported similar results in the 

lumbar region of the rat [85, 86]. These expanded RF's represent a state of central 

sensitization whereby the excitability of DHN's is increased, silent afferent connections 

may be activated and spontaneous firing can be induced.

The expansion of receptive fields may provide the mechanism of referred pain. In the 

case of these studies, the original pain generator arises from the upper cervical 
paraspinal region, including the posterior cranium. Subsequent to the MO injection, 

pain referral expanding forward to include the facial region may be a manifestation of 
the receptive field expansion in the same distribution. The extent and pattern of this 

expansion is very reminiscent of the zones of referred pain elicited from experimental 
irritation of upper cervical tissues by Feinstein [85] and Travell and Simons [86]. These 

zones are also identical to those demonstrated to be abolished in studies by Bogduk 

and his colleagues [87, 88] after anaesthetic injections of the C2-C3 zygapohyseal 

joints.
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The expansion of receptive fields of nociceptive neurons to include extensive skin areas 
is also a likely mechanism for the hyperaesthesia and allodynia that may be seen after 
injury to the deep tissues.

Animal studies: summary

One of the primary hypotheses of this thesis is that upper cervical spine dysfunction is 
an important cause of headaches. The development of an animal model was a crucial 
step to investigate this hypothesis. These studies have shown that experimentally- 
induced deep paraspinal somatic inflammatory pain replicates the clinical components 
of upper cervical spinal joint dysfunction. These components include local and distal 
muscular hyperactivity (as measured by EMG) and expansion of cranio-facial receptive 
fields, which, itself, is a behavioral indicator of central sensitization. Increased cranio- 
cervical muscular activity (which, itself, can be a source of pain) and referred cranial 
pain are the hallmarks of benign headaches.

Of additional interest is the opportunity to compare the findings of the upper cervical 
inflammatory model in the rat with findings from studies involving experimental 
inflammation of the tempero-mandibular joint in the same animal model. This 
combination of data sets allows for a comparison between deep somatic pain of axial 
origin vs that of proximal joint origin (analogous to the lower cervical spine and the 
shoulder region). Our studies have shown that deep somatic pain of axial (spinal) origin 
is particularly effective in producing extensive, multi-joint activation of musculature and 
multi-dermatomal expansion of receptive fields. As such, our findings have added to a 
broader understanding of spinal pain mechanisms beyond the field of interest to this 

thesis.

As with any animal model, extrapolation to humans is to be done cautiously. In this 
case of our investigations, the rather simple sensory-motor phenomena investigated in 
the rat bear excellent representation to the same mechanisms in humans.

Case OT Our invesiigaiions, me icunei simple aeiiouiy-iiiviui pi ici iuiiici id in

the rat bear excellent representation to the same mechanisms in humans.
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IV Clinical Mechanisms in Headache of Cervical Origin

Numerous mechanical and arthritic processes affect the region and may give rise to 

upper cervical pain (i.e. develop into a "pain generator"). This discussion will omit 

mention of the many pathologic processes which can afflict the region and give rise to 
pain.

1. Extrasegmental mechanisms

Postural strain and micro or macrotrauma can create myofascial dysfunction. Trigger 

points in the large regional muscles have been charted by Travell and Simons [86] and 

create typical referred pain patterns. Stress and occupational repetitive strain can 

produce static overload of these muscles predisposing to local and referred pain.

2. Intersegmental mechanisms

Painful disorders of the CO-C3 joint structures are currently thought to be the most 

common disorder in cervical headaches. Pain patterns, both local and referred, have 

been mapped by provocation and anaesthetic procedures in humans for the CO-C1 joint 

by Dreyfuss et al. [89], for the CO-C1, C1-C2 and lower cervical joints by Campbell and 

Parsons [50], for C1-C2 and C2-C3 by Feinstein [85] and Aprill and Bogduk [87, 88, 90] 

. Barnsley et al. [87, 90] have used double - blind anaesthetic blockades to identify the 

C2-C3 zygapohyseal (Z-) joint as the primary pain generator in over 50% of a group of 

whiplash sufferers with headaches.

Trigger points have also been mapped in the deeper intersegmental and suboccipital 

muscles. Tenderness in the deep suboccipital muscles is the most commonly reported 

finding in the large number of clinical reports (see review by Vernon et al. [21]). In our 

1992 study [27] at least one tender point was identified in at least 84% of a sample of 

tension-type and migraine sufferers with most having two or more. Sjaastad et al. [22,
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23] reported on the high prevalence of paraspinal tenderness at the C2-C3 level. This 
finding has eventually become a hallmark of CH. Bouquet et al. [91] reported on 24 
cervicogenic headache sufferers, 21 of whom had an ipsilateral trigger point at C2-C3. 
They also commented on a frequently noted finding of what they called an "enlarged C2 
spinous process", which they proposed was due to rotational misalignment at that level. 
In Jaeger's report on 11 cervicogenic headache patients [92], tenderness and 
misalignment around the transverse process of C1 were the most frequently noted 
findings.

Several authors have reported on standardized methods of measuring tender points in 
the cranio-cervical region. In 1989, Langemark et al. [93] reported a method of rating 
manual palpation for muscular tenderness. Tender points are rated on a three-point 
scale to a standardized manual pressure. It was determined that the pressure sufficient 
to blanch the examiners thumb nail was sufficient to elicit tenderness which is then 
rated as follows:

0 = no reaction
1 = slight reaction, no vocalization, no movement
2 = moderate reaction with vocalization
3 = severe reaction with vocalization and flinching or other movements

Scores for a variety of muscles are added up bilaterally for a "Total Tenderness Score" 
(TTS). TTS in fifty tension-type headache subjects were found to be highly reproducible 
on two examinations separated by three weeks. Comparison of findings in 24 healthy 
controls indicated significantly higher TTS in headache subjects. Numerous replications 
of this methodology have verified its reliability and validity [94, 95]. While the manual 
palpation method has been employed in both neck pain and headache subjects and has 
been found to very reliable, no study has yet investigated the role of tenderness in 
cranial, sub-occipital and neck/scapular muscles in TTH sufferers. In an unpublished 
study, the author used pressure algometry, another method frequently reported to
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measure tender points [96-104] in a comparison of 14 headache and 14 control 
subjects. There was a significant trend toward multiple tender points to be found in 
headache subjects (four or more). Overall values for each of eight tender points were 
lower in the headache as compared to control subjects (mean pressure pain threshold 
values (kg/sq.cm): headaches = 1.9 ± 1.7; controls = 3.8 + 1.9; p = .02)

3. Intrasegmental mechanisms

Entrapment of the greater occipital nerve (GON) and its ganglion has long been 
purported to cause Greater Occipital Neuralgia [105]. Recent evidence by Bogduk [59, 
105] casts doubt on this theory, as anaesthetization of the GON would reduce pain from 
any of the tissues it innervates, making this procedure too non-specific for anatomical 
localization. Irritation of the sensory fibres in the anterior ramus of C2 by inflammation 
or osteophytic outgrowths from the C1-C2 lateral joint has been implicated as a cause 
of the uncommon "Neck-Tongue Syndrome" [106].

4. Infraseqmental mechanisms

Only two direct mechanisms related to mechanical disturbances have been identified for 
the upper cervical cord. The first concerns a controversial mechanism reported by Hack 
et al. [107] involving a ligamentous connection between the rectus capitis posticus 
minor and the dural lining at the foramen magnum. Hack et al. postulated that tightness 
or strain of this ligament may be responsible for some cranial pain of cervicogenic 
origin.

The second mechanism involves a herniation of the C2-C3 IVD. This is relatively rare, 
and, up until recently only Elvidge [108] had reported on it. Recently, the use of C2-C3 
discograms and disc fusion surgery have resurrected this idea. 
The most important role for the spinal cord in CH lies in the phenomenon of afferent 
convergence of the upper cervical and trigeminal systems, as described above [5, 75].
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This mechanism provides an explanation for referred pain to the cranium resulting from 

upper cervical deep tissue pain. The same convergence phenomenon can explain why 

posterior intracranial pathologies result in referred upper cervical pain. This may be one 

of the mechanisms underlying the creation of upper cervical pain and myofascial 

dysfunction in migraine. Painful and inflamed posterior cranial vessels can refer pain to 

the sub-occipital region - one more cause of diagnostic confusion!
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V Manual Therapy Assessment of TTH and CH

Table 3 lists the procedures and their purported pathophysiologic mechanisms 
associated with chiropractic assessment in CH. These procedures and their associated 
dysfunction targets are described in-depth below.

Table 5: Methods of Clinical Assessment in TTH and CH

Regional

1. Plumbline/postural 
observation

2. Range of motion

3. Radiography - plain film

4. Cervical muscular function 
Segmental

1. Static palpation

2. Algometry

3. Motion palpation

Mechanism

1. Anterior head carriage
2. Lateral and/or rotational 

craniocervical distortion
1. Reduced regional ranges of 

motion.
1. Visualization of neutral regional 

postural configuration.

1. Dynamometry

1. Segmental alignment.
2. Myofascial tender or trigger points. 
1. Quantification of myofascial 

tenderness.
1. Detection of joint fixation or 

hypomobility.
2. Appreciation of myofascial tissues 

during movement.
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V.A Physical Assessment 

V.A.1. Regional Considerations

1.1 Postural observations / plumbline testing

Anterior head posture has been correlated with increased incidence of headache and 
neck pain [109-111]. Many sedentary occupational postures in our modern world 
predispose to anterior head posture. Watson and Trott [111] provide a theoretical 
explanation as follows: shortened anterior neck and shoulder muscles induce an 
anterior shift of the head and neck. In order to compensate for this and maintain 
optimal horizontal alignment of the cranium, the sub-occipital and long occipital 
extensors would tighten. This would induce sub-occipital joint compression and pain, as 
well as create myofascially generated pain in the affected muscles.

In Watson and Trott's study, 30 cervical headache subjects were found to have 
significantly greater forward head posture than a similar number of control subjects. 
Treleaven et al. [112] however, failed to confirm this in a smaller group of post-traumatic 
headache sufferers.

Grimmer et al. [113] recently reported that CH sufferers have significantly longer 
anterior neck length measurements than do non-HA sufferers, implying that anterior 
head shift may be present. Placzek et al. [114] found no difference in head posture 
between chronic headache sufferers and normal controls.
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Anterior head carriage can be assessed using a plumbline and by photographic analysis 
[113,114]

1.2 Ranges of motion.

Reduced active ranges of motion (AROM) in the neck have been reported frequently in 
subjects with neck pain and headaches. Several devices for measuring active and 
passive ranges of neck motion have been reported, including cap goniometers [115, 
116] and magnetic inclinometers [117-120], with findings of good test-retest and inter- 
examiner reliability.

Several studies have reported on AROM in headache subjects. Stodolny and 
Chmielewski [121] used a goniometer to measure cervical AROM as an outcome of 
manipulation therapy in patients with "cervical migraine". After several treatments, 
AROM values were reported to be increased in these subjects. Kidd and Nelson [122] 
used a simple visual assessment of cervical AROM in benign headache subjects, 
reporting that two or more ranges were reduced in headache subjects more frequently 
than in controls.

Sandmark and Nisell [123] studied the degree to which active rotations and 
flexion/extension reproduced pain in neck pain subjects as compared to healthy 
controls. No actual measure of the range of motion was taken. The sensitivity and 
specificity of rotations and flexion/extension in correctly identifying symptom status were 
77% and 92%, and 27% and 90%, respectively. These results imply that there is 

relatively little error in identifying non-painful subjects when AROM's are not painful, but 
there is poor correlation between positive findings and pain status.

Recently, Placzek et al. [114] reported significantly lower values for cervical extension in 

chronic headache sufferers as compared to controls. This implicates shortening of the 
anterior cervical musculature as part of the postural adaptation associated with chronic
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headache. Stolk-Hornsveld et al. [124] reported significant reductions in all cervical 
ranges of motion with the exception of forward flexion in CH subjects versus those with 
other types of headaches. This corroborates the validity of "reduced ranges of neck 
motion" as a criterion of CH diagnosis.

On the other hand, Persson and Carlsson [57] found no differences in cervical ROM's 
between groups on neck pain patients with or without headache. However, these 
subjects may all have had reduced ROM's, thereby leaving little room for differences 
between the sub-groups. Grimmer et al. [113] reported reduced extension in frequent 
vs infrequent female CH subjects; however, this difference was not significant after age- 
adjustment. This is important, as AROM's have been shown to reduce progressively 
after the third decade of life [125].

Several classic prognostic studies [126-128] have reported that active ranges of motion 
(AROM) are reduced in chronic whiplash-injured patients. Osterbauer et al. [129] 
recently reported that 10 whiplash-associated disorder (WAD) cases had a combined 
AROM of 234 deg., considerably less than the normal 360 deg. After six weeks of 
conservative treatment, total AROM increased to 297 deg. Hagstrom and Carlsson 
[130] compared 30 WAD cases with 30 normal subjects and found reduced AROM in all 
ranges.

In a recent study, Vernon [30] objectively measured active ranges of neck motion 
(AROM) in a sample of 44 chronic WAD patients (all of whom reported headache 
symptoms) and found moderately high correlations (r =0.55-0.70; p = .001 to .0001) 
between all range of motion scores and the subjects' self-rated disability scores (using 
the Neck Disability Index (see below)). This is the first demonstration of a link between 
validly measured aspects of WAD-related impairments with levels of disability suffered 
by these patients. Interestingly, AROM scores were not correlated with age and 
duration of complaint, again, leading to the notion that chronic WAD sufferers reach a 
stable plateau of self-rated disability and impaired ranges of neck motion. In contrast,

49



Jordan et al. [131] compared self-rated disability scores (using the Copenhagen Neck 
Functional Disability Scale (see below)) with active neck extension and found no 
significant correlation.

1.3 Radiography - plain film

Two x-ray studies [Vernon et al. [27], Nagasawa et al. [132]] have demonstrated higher 
levels of straightened lordotic curves in headache subjects which is likely associated 
with forward head posture.

1.4 Cervical muscular function.

Cervical strength testing has recently been reported for neck pain and headache 
subjects. Vemon et al. [104] reported significantly lower strength values in all cervical 
ranges among chronic neck pain/whiplash sufferers (almost all of whom also 
complained of headaches) as compared to controls. Most importantly, the ratio of 
flexion : extension strength was much lower (28% vs 69%) in the pain group, implicating 
the importance of flexor muscle weakness in this condition.

Grimmer et al. [113] reported that reduced cervical extensor and flexor strength 
predicted increasing headache frequency in women, but not men. Placzek et al. [114] 
reported reduced extensor and flexor strength as well as reduced endurance of the 
anterior cervical musculature in women with chronic headaches as compared to 
controls.

To summarize this section of the thesis, it is hypothesized by many of these authors that 
the separate factors of chronic pain, postural decompensation, reduced ranges of 
motion and reduced muscular strength and endurance of the cervical spine as a whole 
interact together in a self-promoting or vicious cycle of progressive mechanical 
dysfunction, resulting in greater persistence of neck pain. It is also hypothesized that
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the focus of these regional dysfunctions is the intersegmental tissues, whose 

dysfunction we now discuss.

V.A.2 Segmental Considerations

2.1 Static palpation for tenderness and misalignment.

Conventional manual palpation can provide the clinician with information about 

myofascial and joint dysfunction. Careful manual assessment can identify 

misalignments between upper cervical segments (particularly the position of the C1 

TVP's, the C2 spinous process and the CO-C3 posterior articulations). Tissue texture 

changes include tightened muscles, rotated spinous process of C2 [91] and the taut, 

tender bands of trigger points. Tender points can be located by pressure over any of 

the soft tissues and bony insertion sites. Tenderness on palpation of the tissues of the 

craniovertebral and paraspinal region is the most commonly reported sign of cervical 

dysfunction in headache subjects. Many authors have reported on the subject, from 

Lewit [133] who reported on "pain over the posterior arch of atlas", to Sachse et al. [134] 

who reported similar findings of sub-occipital and scapular tenderness, and Graff- 

Radford et al. [47] and Jaeger [92] who reported on the numerous cervical tender points 

which they proposed served to perpetuate myofascial head pain.

Sjaastad et al. [22-24] reported on the high prevalence of tenderness at C2-C3. This 

finding eventually became a hallmark of "cervicogenic headache". Bouquet et al. [91] 

reported on 24 cervicogenic headache sufferers, 21 of whom had an ipsilateral trigger 

point at C2-3. The also commented on a frequently noted finding of an enlarged 

spinous process of C2, which they proposed was due to static rotational misalignment 

at that level. In Jaeger's report on 11 cervicogenic headache patients [92], tenderness 

and misalignment around the transverse process of C1 were the most frequently noted 

findings.
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The findings of more recent reports which have employed the standardized methods of 

tender point analysis in headache subjects which were described above are listed in 

Table 6.
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Table 6: Studies of manual tenderness assessment in neck pain and headaches
AUTHOR(S)

Lebbinketal. [135]

Jensenetal. [136]

Jensenetal. [137]

Jensen etal. [138]

Hatch etal. [139]

Watson and Trott [111]

Mercer etal. [140]

Levoska et al. [141]

Levoskaetal. [142]

Hubka and Phelan [143]

Sandmark and Nisell [123]

Nilsson [144]

Sandrini et al. [145]

Persson and Carlsson [57]

Stolk-Hornsveld et al. [124]

FINDINGS
Neck muscle soreness and stiffness as 
well as prior neck injury were more 
common in 1 64 headache sufferers than 
108 controls.
Studied 14 muscle sites bilaterally in 
normals; used Langemark et al.'s 
method of scoring. Norms reported. 
Older subjects had lower ITS values 
while females had higher ITS scores.
ITS scores in TTH and migraine 
headache sufferers compared. TTH's 
had lower overall scores. TTH's with 
headache that day had higher ITS than 
matched non-HA group
In 19 PTHA's 42% had tenderness at 
C2-C3, 89% at C3-C4 and 63% at C4- 
C5.
HA subjects had at least one tender 
muscle more often than controls; ITS in 
HA's greater than controls; EMG findings 
not correlated to tenderness.

PTHA's had more tenderness findings 
than controls, particularly in upper 
cervical spine.
HA subjects had higher values of 
tenderness than controls.
Test-retest correlation of manual 
palpation of scapular muscles was high; 
inter-rater reliability only fair.
Neck pain sufferers had high number of 
tender points than controls.
Inter-rater reliability of segmental TTS 
scores were highly correlated (Kappa = 
0.68).
Cervical tenderness was most sensitive 
( 82%) and specific (79%) for neck pain 
patient discrimination.
TTS scores in neck pain patients 
high inter-rater reliability.

Mean ( IS scores higner in hi In ana 
CTTH subjects than controls
TTS scores higher in CH vs contols

Segmental tenderness on passive 
motion at C1 - C4 higher in CH vs other 
headache types. Good inter-rater 
reliability

LOCATION

Neck muscles

Cranial and large neck 
muscles

Cranial and large neck 
muscles

Neck paraspinal muscles

4 cranial muscles 
2 posterior cervical 
muscles
Neck paraspinal muscles

Neck paraspinal muscles

Scapular muscles

Neck paraspinal muscles

Neck paraspinal muscles

Neck paraspinal muscles

Neck paraspinal muscles

Trapezius

Sub-occipital, neck 
paraspinal and scapular 
muscles
Sub-occipital and neck 
paraspinal muscles

Legend: TTS= total tenderness score; HA = headache; TTH = tension-type headache; 
ETTH = episodic tension-type headache; CTTH = chronic tension-type headache; CH = 
cervicogenic headache; PTHA = post-traumatic headache; EMG = electromyography
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2.2 Alqometrv

While procedures for manual palpation permit the location (i.e., the identification) of 

tender points and, to some degree, an assessment of the severity of tenderness present 

at that point, they are limited in the degree to which such quantification of severity can 

be accomplished. To address this deficiency, numerous instruments have been 

devised to which would allow for manually controlled and measurable force application, 

thereby permitting discrete quantification of the degree of tenderness. Since the object 

of greatest concern in myofascial and joint dysfunction is the deeper somatic tissues, 

devices which permit pressure stimuli - pressure algometers - have become widely 

used. Fischer's work, in particular, [98, 99] enabled the standardization of this type of 

investigation. According to his protocol, side-to-side differences of 1 kg/sq.cm or 

absolute tender point values less than 2.5 kg/cm2 in the cervical region indicate an 

active tender point. Table 7 lists studies which employed a pressure algometer to 

assess cranio-cervical tenderness in headache and neck pain subjects.
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Table 7: Studies of pressure algometry in neck pain and headache
AUTHOR(S)

Reeves etal. [100]

Jensenetal. [136]

Drummond [146]

List etal. [147]

Langemark et al. [93]

Takala [148]

Hogeweg etal. [149]

Bovim [94]

Chungetal. [150]

Jensen etal. [151]
Kosek etal. [152]

Levoska etal. [141]

Mazzotta et al. [153]

Sandrini et al. [145]
Stolk-Horsnveld etal. [124]

Bendtsen et al. [95]

FINDINGS
High correlation coefficients for intra- and 
inter-examiner reliability. Average value 
for CO-C1 = 3.0 kg/sq.cm; for trapezius = 
3.5 kg/sq.cm
Highly consistent values bilaterally and 
over three week interval in normals.
High intra-examiner reliability; HA 
subjects had lower algometer values 
than normals; no difference between 
TTH and migraine HA.
High reliability coefficients; algometry 
scores highly correlated to manual 
palpation findings; TMJ pain subjects 
had lower values than normals.
Temporalis algometry negatively 
correlated to headache intensity and to 
ITS on manual palpation. High 
correlation between temporal and 
occipital sites.
High intra- and inter-rater reliability in 
normal subjects; women had lower 
algometry values than men; lower values 
in sub-group with minor neck pain and 
HA.
Good reliability in normals; cervical 
points have lower algometry values than 
lumbar points.
Lower algometry values in cervicogenic 
HA group vs. migraine, TTH and 
controls. CH group had lower values in 
posterior cranial area and on the affected 
side.
Electronic pressure algometer showed 
good reliability and test-retest 
consistency in normals.
Algometry values lower in TTH vs 
controls
Algometry in normals showed good one- 
week consistency; lower values in upper 
part of body
Reliability high in neck pain and normals; 
pain group had lower values.
PPT values signif. lower in b 1 1 H vs 
controls
PPT values signif. lower in b r I H and 
CTTH vs controls
High levels of inter-rater reliability. 
Sensitivity and specificity for CH vs 
controls = 82% and 62%
Reported on an electronic finger 
pressure pad for palpating tenderness. 
High levels of inter-examiner reliability.

LOCATION

Occipital and suboccipital

Temporalis muscle

Scalp and upper cervical 
muscles

Temporalis and 
suboccipital

Cranial muscles

Scapular muscles

Spinal muscles

Cranial and suboccipital 
muscles

TMJ and neck muscles

Cranial muscles

Whole body

Scapular muscles

Temporalis

Frontalis and Trapezius

Sub-occipital and neck 
paraspinal muscles
Cranial muscles

Legend: as for Table 6. PPT = pressure pain threshold
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2.3 Motion palpation.

One of the components of cervicogenic dysfunction most commonly cited by 
practitioners of manual therapy is disturbance of motion at individual spinal motion 
segments. This phenomenon has been variously termed "subluxation" or "fixation" (in 
chiropractic circles), "joint" or "somatic dysfunction" (in osteopathic circles) and "joint 
blockage" in manual medicine circles. The common feature of these terms is that they 
refer to hypomobility of the joints.

The procedures used to assess hypomobility are variations of manual palpation 
techniques of either the active, passive or accessory motions of the individual spinal 
motions. These procedures have been devised and described by many experts in the 
manual therapy disciplines, from Gillet [154], Liekens [155], Faye [156], Grice [157], and 
Fligg [158] in chiropractic, to Lewit [159] and Mennell [160] in manual medicine. The 
generic term for these procedures is "segmental motion palpation".

The inter-examiner repeatability of these assessments is unclear. Several authors have 
reported poor agreement [161,162], but there are many methodological flaws in these 
studies. These include the use of asymptomatic students as subjects, the use of 
inexperienced students as examiners and the use of multiple replications of the 
procedures, such that the minor intervertebral derangements meant to be found were, 
temporarily, removed. In Watson and Trott's well-conducted study [111], multiple 
outcomes of segmental dysfunction, including segmental motion palpation, were 
employed to assess cervical headache subjects. They reported on the reliability of 
posterior-to-anterior glide palpation in 12 of their subjects examined on two occasions 
by the same examiner. Their Kappa reliability values ranged from 0.67 to 1.00, 

depending on the segment.
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More recently, Strender et al. [163] reported poor inter-examiner reliability for segmental 
motion assessment in 50 subjects, half of whom complained of neck or shoulder pain. 
On the other hand, Jull et al. [164] reported very high rates of agreement between 
several pairs of examiners in their ability to detect the presence or absence of any 
"treatable upper cervical dysfunction". Agreement levels as to the exact segment of 
dysfunction were somewhat lower, but still acceptable (70% overall agreement). The 
C1-2 segment showed the highest frequency of joint dysfunction.

With regard to the validity of the notion of spinal joint hypomobility in cervical headache 
patients, several studies have used both non-controlled and controlled comparisons. 
Jull [165 -167] compared motion palpation findings in headache and non-headache 
subjects. Hypomobility was found at CO-C1, C1-C2 and C2-C3 in 60%, 40% and 55% 
of headache subjects and 5%, 12% and 22% of non-HA subjects, respectively. These 
findings were later confirmed in a study comparing motion palpation findings (with 
tenderness) compared to local anaesthetic blockades of the zygapophyseal joints in 
neck pain and headache subjects [167]. The sensitivity of motion palpation was 
reported as 100%. Jull et al. [164] also reported high levels of agreement between 
examiners' motion palpation findings which were obtained without pain cues from their 
headache subjects and without knowing the subjects' subsequent report of pain during 
each procedure at each cervical segmental level. In other words, joint dysfunction can 
be validly determined without the subject providing pain-related feedback. Much greater 
levels of significant joint dysfunction were found in the upper cervical segments of 
cervical headache subjects vs controls in this study.

Jensen et al.'s treatment study [138] of 19 post-traumatic headache patients reported 
on the findings of hypomobility before and after treatment with a short course of spinal 
manipulation. Fourteen of the subjects had at least one level of joint blockage in the 
upper cervical and upper thoracic region, while 4 had blockage only in the upper 
cervical region, fora total of 18/19 with upper cervical hypomobility. The most 

frequently blocked segment was C1-C2.

57



In Vernon et al. [27], 54% of TTH headache sufferers had hypomobility at two upper 
cervical segments while 30% had all three levels (CO-1, C1-2, C2-3) affected at least 
unilaterally. In the group of migraine headache sufferers, these figures were 42% and 
42%, respectively. In both groups, a total of 84% had at least two upper cervical 
segments demonstrating hypomobility.

In Watson and Trott's study [111], far more headache subjects than controls 
demonstrated painful segmental hypomobility, with the most frequent blockage at CO- 
C1.

Treleaven et al. [112] reported on 12 subjects with post-traumatic headache compared 

to an age and gender-matched control group. Joint dysfunction (with tenderness) was 
rated as mild, moderate or marked. Ten of twelve HA subjects had at least one 
segment demonstrating marked hypomobility in the upper cervical spine. Much more 

significant joint dysfunction in the headache group was noted between CO - C3 in the 
headache group as compared to the control group.

Stodolny and Chmielewski [121] reported that all 31 of their "cervical migraine" cases 

had significant joint dysfunction at CO -1 on manual palpation. Over 80% of subjects 
had at least 2 cervical segments demonstrating joint dysfunction, which is remarkably 
similar to the findings of Vernon et al. [27] in TTH and migraine subjects.

Manual Therapy Assessment: Summary

The third hypothesis of this thesis is that cervical spinal dysfunction can be assessed 
and characterized by a range of standard clinical methodologies employed in manual 

therapy. Figure 9 provides a schematic model to interpret studies relative to manual 

therapy assessment procedures for headache of cervical origin. Regional assessment 

procedures include the assessment of global head/neck and shoulder posture, by both 

observation and x-ray, as well as cervical ranges of motion, by observation or
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instrumentation. At present, there is insufficient data to conclusively identify a pattern of 
regional disturbance in headaches of cervical origin, although it is noteworthy that the 
IMS Classification includes several of these features.

With regard to segmental features of dysfunction, local tenderness has been the most 
studied. The literature and our studies support the importance of assessing the upper 
cervical spine for tenderness and any clinical pain referral patterns which emerge in this 
assessment. The role of spinal joint hypomobility is more controversial; yet, this aspect 
of dysfunction is at the core of all manual therapy theories, and there is a growing body 
of evidence that it plays a role in HCO. The 1992 study by Vernon et al. [27] clearly 
shows how predominant this dysfunction is in tension-type and migraine sufferers and 
the work of Jensen et al. [138] has done the same for post-traumatic cervicogenic 
headache. As with regional features, these local or segmental features are key 
components of the HIS Classification criteria for cervicogenic headache. Their role in 
other benign headaches will be clarified by further studies.
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Figure 9. Schematic for the assessment of cervical dysfunction in HCO
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V.B Self-rated Questionnaires

V.B.1 The Neck Disability Index:

The first instrument designed for assessing self-rated disability specifically due to neck 

pain, in particular, was the Neck Disability Index (NDI) [28]. Designed by Vernon as a 

modification of the Oswestry Low Back Pain Disability Questionnaire (OLBPDQ) [168], 
the NDI is a ten-item questionnaire with well-established psychometric properties such 

as high test-retest reliability, good internal consistency and good sensitivity to change. 

Mains et al. [169] recently established a single factor structure to the Index as well as 

reporting that no response bias could be found amongst the items.

Riddle and Stratford [170] have recently added to the psychometric profile of the NDI by 
determining three important values for its use in clinical and research settings. These 

are: "variation around a measured value", minimal detectable change (MDC) and 
minimal clinically important difference (MCID). The former of these values addresses 

the error margin inherent in any single use of the NDI, typically in a practice setting. 
This value was found to be 5 NDI points, at a 90% confidence interval. To paraphrase 

Binkley [171] in her recent review article, "if the error associated with a 50 point scale 
(such as the NDI) is 5 points, with a 90% confidence interval, the interpretation of this is 

that, given a score of 20/50, a clinician can be 90% sure that the true score lies between 

15 and 25" ([171], pg. 10).

According to Riddle and Stratford [170], the MDC and the MCID values are both 5 NDI 

points. This means that the sampling error of the instrument limits the range of minimal 
detectable change in a patient's status to 5 NDI points. However, as a result of its use 

in a cohort of neck pain patients, they determined that the minimal clinically important 

difference is also 5 NDI points. Several studies have reported mean change scores well 

beyond that level [172, 173].
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In a recent study, of 44 chronic WAD claimants [30], Vernon reported on additional 
psychometric features of the NDI. First, this sample's responses were in almost 

identical rank order as the initial sample [28]. The items "headache", "lifting", 
"recreation" and "reading" were still among the five most highly rated items, confirming 
their importance in chronic WAD.

Second, NDI scores were not well-correlated with age and gender, as in the original 
work; however, in this new sample, duration of complaint was also not well-correlated (r 

= 0.17, NS). This was explained as follows, "whiplash-injured patients who go on to 
experience chronic difficulties may reach a plateau of pain, impairment and self-rated 

disability, the complex of which (may remain) approximately static from that time 
onwards" ([30], pg. 211).

Third, two subsets of items, namely, "symptoms" (four items) and "activities" (six items) 

were compared to one another, with a moderate, but significant level of correlation (r = 
0.55, p = .05). One interpretation of the lack of strong correlation is that these two 

subsets may offer unique (i.e., non-redundant) information on the WAD-sufferer's 
perception of the effect of their condition on their activities of daily living (ADL's).

Finally, NDI scores in this sample were correlated with scores on a newer "generic" 

instrument for self-rating of disability, the Disability Rating Index [174]. The two 
questionnaires were strongly correlated (r = .89, p = .001). This finding further confirms 

the construct validity of the NDI as a measure of physical disability.

V.B.2 The Neck Pain Questionnaire (NPQ):

In 1994, Leak et al. [175] reported on their development of the Northwick Park Neck 
Pain Questionnaire (NPQ). The authors reported that, as with Vernon and Mior [28], 

they used the OLBPDQ as a basis for their instrument. No report of the methodology 

for adapting the OLBPDQ was given.
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The NPQ contains nine items which are scored from 0 to 4 for a total score out of 36. 
The items consist of the following: pain intensity, sleeping, numbness, duration, 

carrying, reading/television, work, social life and driving. These items represent a mix of 
symptoms as well as activities thought to be important to neck pain patients. Of these 
"activity items", all but one ("carrying" vs "lifting) had already been incorporated in the 
NDI, published three years earlier. Both instruments also retained the "pain intensity" 
item of the original OLBPDQ.

Forty-four subjects completed an NPQ at their original consultation while 31 completed 

a second NPQ three to five days later. Thirty-five of these subjects also completed 
NPQ's at 4 and 12 weeks later. No formal treatment was offered in the study, but many 
subjects did receive some form of treatment.

Short-term repeatability was reported as high, with a Pearson's coefficient of r = 0.84 
and Kappa = 0.62. Inter-item agreements ranged from K = 0.53 to 0.76. Internal 
consistency was not formally tested, but was said to be adequate via graphical 
depiction.

Initial NPQ scores did not correlate well with age, gender, duration or previous history of 

neck pain. While NPQ scores did not change significantly over the three-month study 
interval, they did correlate well with a separate question rating the subject's perception 
of improvement. This was cited as an indicator of "sensitivity to change". Subsets of 
subjects who either received physiotherapy or performed home exercises had what was 

described as "significant improvement" in their NPQ scores.

Given the similarities between the NDI and the NPQ, this author considers Leak et al.'s 

report to be, essentially, a replication study of the NDI. That the same set of 

psychometric properties was reported, namely, high levels of test-retest reliability, 

internal consistency and sensitivity to change, as well as poor correlations with age,
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gender and duration of complaint is therefore not surprising and confirms the original 

report [28]. To this author's knowledge, no additional studies on the NPQ have been 
reported since 1994.

V.B.3 The Copenhagen Neck Functional Disability Scale (CNFDS):

The CNFDS was devised by Jordan et al. [176] as an attempt to improve the existing 

questionnaires (NDI and NPQ) for assessing disability due to neck pain. Jordan et al. 

asserted that, since both previous instruments incorporated some items related to 

"symptoms" (pain, numbness and duration in the NPQ; pain, headache and 

concentration in the NDI), these questionnaires lacked some precision for measuring 
solely the disability due to neck pain itself. This assertion was based on the theory that 

pain, disability and impairment are separate but inter-related constructs.

The CNFDS contains 15 items with a three-point scale (yes = 0, occasionally = 1, no = 
2) for a maximum of 30 points. Many of the item constructs are similar to those in the 

NDI (sleep, personal care, lifting, reading, headaches, concentration and recreation), 
while three additional items focus on psycho-social issues.

Jordan et al. reported very high test-retest reliability (r = 0.99), excellent internal 

consistency (Cronbach's alpha = 0.89) and no significant correlation between initial 

scores and age or gender. Additionally, initial CNFDS scores were highly correlated 

with patients' global assessment of their condition (r = 0.83) and moderately correlated 

with doctors' global assessments (r = 0.56). Initial scores also correlated highly with a 

separate 11-point pain ratings for neck and arm pain, which somewhat questions the 

authors' original premise of a clinically important distinction between self-ratings of pain 

and disability.
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Finally, the authors reported good sensitivity to change in a larger sample of subjects 

enrolled in a clinical trial for neck pain [131]. At 6, 24 and 52 weeks of this trial, 

changes in pain scores correlated with changes in CNFDS scores at r = 0.49, 0.48 and 
0.54 respectively.

Table 8 provides a comparison of the different items in each of these instruments.

TABLE 8 : ITEM COMPARISON OF NECK DISABILITY SCALES
INSTRUMENT 

(Date of public'n)
ITEMS

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

NDI 
(1991)

Pain 2

Personal care 2

Lifting *

reading 3

headache 2

concentration 2

Work 3
driving 2

sleeping 3

recreation 2

NPQ 
(1994)

pain 2

sleeping 3

numbness 1

duration 1
carrying 1

reading/TV 3

work 3
social 2

driving 2

CNFDS 
(1998)

sleeping 3

daily activities 1

daily activities 3

dressing 2

washing 2
at home 1

lifting 2

reading 3

headaches 2

concentration 2

recreation 2

resting 1

family 1

social 2
"future" 1

3 = item found in all three instruments 
2 = item found in two instruments 
1 = item found in only one instrument
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V.B.4 The Headache Disability Inventory

This 25-item scale was developed by Jacobsen et al. [177] to assess the impact of 
recurrent headaches on daily function. The items are organized into two scales: 
"emotional" and "functional". Good stability of scores has been reported over one week 
and eight-week intervals. Unfortunately, Jacobsen et al. [179] reported very poor 
sensitivity to change in a sample of treated patients. As well, they reported that change 
in HDI was not well-correlated with change in frequency of headaches.

V.B.5 Activities of Daily Living (ADD

A series of validated questions to monitor the impact of headaches on activities of daily 
living has been developed by von Korff et al. [178]. These ADL-related questions 
employ a relatively long interval of six months' time. For clinical usage, the intervals of 

time might be shortened.

1. How many days in the last six months have you been kept from your usual 
activities (work, school or housework) because of headaches?

2. Using the following 0-10 scale, where 0 = "no interference" and 10 = "unable to 

carry out any activities,

I. in the past 6 months, how much have your headaches interfered with your 

daily activities?

II. |n the past 6 months, how much have your headaches interfered with your 
ability to take part in recreational, social or family activities?

III. In the past 6 months, how much have your headaches interfered with your 

ability to work (including housework)?
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Holroyd et al. [179] have recently reported that these questions loaded most highly on a 
separate factor labeled "headache disability" in the responses of their headache 
sample. Scores from the "disability" scale were not highly correlated to "pain intensity" 
scores", indicating that self-rated disability is a separate construct in the experience of 
headache sufferers and should be assessed separately by clinicians and researchers.

V.B.6 The Dizziness Handicap Inventory (PHI)

This instrument was developed in 1990 [180] as a 25-item scale to assess the impact of 
dizziness and vestibular problems on daily life. The DHI is composed of three 
subscales: functional, emotional and physical. The original paper reported good test- 
retest reliability and internal consistency. DHI scores were found to correlate well with 
increasing frequency of dizziness episodes and with scores from balance tests [180].

V.C Headache Monitoring

V.C.1 The Headache Diary:

The primary instrument for monitoring headache activity is the Headache Diary. 
Numerous versions of such diaries exist, depending on the particular interest of the 
research involved [181]. For typical clinical use, the once-daily diary recording format is 
optimal. This type of diary permits calculations of the following parameters: frequency 
of headache days per week/month; headache severity for any particular day or 
averaged over any interval; peak headache severity per any interval (i.e., worst 
headache in a month); medication usage. Some diaries record the duration of 
headaches, but, often, the use of analgesic medications will shorten the duration, 
thereby providing false impressions of the true duration of ongoing headaches.
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For clinical purposes, it is often sufficient to monitor the frequency and average severity 
of headaches. The desirable outcome of clinical management would be a reduction in 
both of these parameters. This is typically the kind of outcome which has been reported 
in clinical trials of prophylactic treatments for TTH or CH.

Self-rated Questionnaires: Summary

Headache very frequently accompanies mechanical neck injuries. The first instrument 
for assessing the self-rated disability associated with neck pain (The Neck Disability 

Index) has been employed in several studies of neck pain patients, and "headache" is 
the highest ranked item by these patients. While this Index contains only one item for 
assessing the impact of headache on neck-related disability, several other instruments 
have been developed to assess headache activity more comprehensively. The 
standard instrument for research and clinical purposes is the Headache Diary, which 
provides information on the daily presentation of headaches, their severity and duration 
as well as the medications used to relieve them. In the short-term, reduction of 
headache intensity (analgesia) is the primary clinical outcome of interest following a 
therapeutic intervention (use of medications, chiropractic treatment, massage, etc). 
Reductions of headache frequency and impact on activities of daily living are the 
outcomes of interest in long-term or prophylactic treatments such as low-level anti- 
depressant therapy or a course of chiropractic treatments. Most of these instruments 
have been employed in studies of the effectiveness of these treatments which will be 

reviewed in the following section.
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VI. THE TREATMENT OF TENSION-TYPE AND CERVICOGENIC HEADACHE BY 

MANUAL THERAPY

A number of systematic reviews and meta-analyses have been reported on treatments 

for headache (182-188). The interventions studied in these reviews have been confined 

to pharmacological therapies and cognitive/behavioral therapies. The majority of these 

reviews have been for treatments of migraine-type headache. Bogaards and ter Kuile's 

recent meta-analytic review of treatments for "recurrent tension headache" [184] 

confined itself to the following categories of intervention: pharmacological, cognitive 

therapy, relaxation therapy, EMG biofeedback therapy and combinations, although 

some complementary/alternative (CAM) therapies (acupuncture and physiotherapy) 

were regarded as control or "pseudo-placebo" treatments. No primary CAM therapies 

were included. It appears that no systematic review of CAM therapies for non- 

migrainous headaches currently exists in the literature.

Since the publication of Eisenberg's important article describing the usage of CAM 

therapies by Americans [189] interest in the topic within orthodox medical circles has 

grown and the use of CAM therapies in society has increased considerably. Rates of 

utilization of CAM therapies by sufferers of TTH are poorly understood. Several studies 

cite the proportion of patients seeking chiropractic care for headache to be 

approximately 3 -10% of patients in a typical practice [1, 190].

Our group is pursuing a number of clinical studies in TTH and CH, with a particular 

interest in non-pharmacologic therapies used for non-migrainous headaches. In the 

non-pharmacologic group there are two main categories of therapies. The first of these 

includes psychologically-based treatments involving cognitive or behavioral therapies 

such as biofeedback and counseling. The second involves CAM therapies, including 

acupuncture, chiropractic, physiotherapy, massage, homeopathy and others. This 

discussion will confine itself to the latter category.
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My group undertook to analyze all of the randomized clinical trials (RCT's) of the 

efficacy or effectiveness of CAM treatments for non-migrainous headache. We defined 

"non-migrainous headache" as excluding migraine (with or without aura), cluster and 

any organic types of headache. In this study, we employed standardized methods for 

literature searching and evaluating the quality of the relevant studies. Quality scores 

were obtained from an 18-point instrument modified from van Tulder [191] which 

assessed issues of internal and external validity. Two of my colleagues, a clinician 

researcher and a statistician applied the instrument to each of the trials. Their scores 

were averaged for the value shown in Table 9 below.

VI.2. Spinal manipulation trials:

Three RCT's of spinal manipulation for TTH [192-194], two for cervicogenic headache 

[195,196] and one for "post-traumatic headache" [138] were identified. The quality 

scores ranged from 56 - 80%, with a mean score of 67.5%.

Table 9 reviews these trials. No trial included an exclusively sham or placebo-type 

control group, so that the "efficacy" of spinal manipulation treatment cannot yet be 

determined. With respect to determining the effectiveness of spinal manipulation, 

comparative treatments include soft tissue mobilization [193], resting briefly [193], ice 

pack [138], amitryptiline [194] and soft tissue therapy [192, 195, 196]. A total of 286 

subjects were included in these reports.

There is some inconsistency with regard to the diagnostic classifications used in these 

studies. The report by Hoyt et al. [193] involved a single manipulative session provided 

to nine subjects with a concurrent "muscle contraction" headache (versus 13 other 

control subjects). Jensen et al.'s [138] study was conducted on a small group of 

subjects with "post-traumatic headache". Boline et al.'s [194] and Bove and Nilsson's 

[192] studies were the only ones to explicitly include "tension-type headache" according 

to the IMS criteria [39]. The former study included a six-week intervention phase and a
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four-week follow-up, while the latter study involved 4 weeks of treatments with no follow- 

up phase. Nilsson's study [195,196] was the only one conducted on subjects with 

cervicogenic headache.

Table 9: Evidence table for spinal manipulation studies
AUTHORS

Hoytetal., 
1979 [193]

Jensen et 
al., 1981 
[138]

Nilsson, 
1995 [195]

Nilsson, 
1997 [196]

Boline et 
al., 1995 
[194]

HEADACHE 
TYPE

"muscle 
contraction"

post- 
traumatic

cervicogenic

cervicogenic

tension-type 
headache 

(IMS)

SAMPLE 
SIZE

22

19

39

53

126

NUMBER OF 
TX'S

1

2

6

6

12

TREATMENT 
GROUPS 

W

(1)MANIP 
=10 

(2) MOB 
= 6 

(3) REST 
= 6

(1)MANIP 
= 10 

(2) ICE 
= 9

(1)MANIP 
= 20 

(2)STT 
= 19

(1)MANIP 
= 28 

(2)STT 
=25

(1)MANIP 
=70 

(2)AMIT 
= 56

RESULTS

Post - TX S:
(1) -48%*" 
(2) 0 
(3) 0

Post - Tx S:
(1) -30.7/1 00

**

(2) +6.7/1 00

E:(1) -3.4 
(-59%) 

(2) -2.1 
(-45%) 

Post - Tx S:
(1) -15 

(-45%) 
(2) -10 

(-24%)
Post - Tx F:
(1) -3.2* 

(-69%) 
(2) -1.6 

(-37%) 
Post - Tx S:

(1) -17* 
(-36%) 

(2) -4.2 
(-17%)

Post - Tx F:
(1) -3.8/28 
(2) -4.0/28 

FoJ 
low-up F: 

(1) -1.0** 
(2) +5.0 

Post - Tx S:
(1) -1.3/20 
(2) -1.8/20** 

Fol
low-up S: 
(1) -.5** 
(2) +2.0

SIDE 
EFFECTS

Not 
mentioned

Not 
mentioned

Not 
Mentioned

Not 
mentioned

(1)4.3% 
neck 

stiffness 
(2)82.1% 
dry mouth, 
drowsy, or 

weight 
gain

QUALITY 
SCORES

56

60

64

72

75
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Bove and
Nilsson,
1998 [192]

TOTAL OR
AVERAGE

tension-type
headache 

(IHS)

75

286

8

6

(1)MANIP
+ STT

OQ

(2) SHAM
+ STT

= 37

Post - Tx F:
(1) -1.5 hr
(2) -1.9hr 
Post - Tx S:

(1)No 
change
(2) No

change

Not
mentioned

80

68

Legend: (nj = sample size in each treatment group; (IHS) = inclusion based on criteria of the International Headache 
Society Classification (9);

Treatment types: SHAM = sham placebo treatment, MANIP = chiropractic spinal manipulation, MOB = mobilization, 
STT = soft tissue therapy, AMIT = amitriptyline.

Outcomes: Tx = treatment; HA = headache; S = severity;^ = frequency; mm = millimetres on a visual analogue 
scale; /wk = per week; wk = week(s); mo = month; (1). (2)... = treatment group; for "severity": mod. = moderate; sev 
= severe; v. sev. = very severe
for "frequency": sev = several; for "global relief: hi= high, mod = moderate, min= minimal; jmprov. = 
improvement; > = statistically significantly better than; NS =: not statistically significantly better than.

Statistical significance: NS = not significant, * = .05, " = .01, !I! = .001

As no high quality studies exist which employed an exclusive placebo or sham-control 
group, the efficacy of SMT for TTH-like or cervicogenic headache cannot be 
determined. Four high quality studies do exist which compare SMT to other forms of 
therapy, although two of them have relatively small sample sizes. Three of these 
studies report a benefit of SMT. In these studies, SMT is more effective than ice pack 
applications and soft tissue therapy in post-traumatic and cervicogenic headache. SMT 
appears to be as effective as amitryptiline in producing short-term benefit for TTH; 
however, there may be a longer-term benefit with SMT once the treatments are 
withdrawn. In one study, the addition of SMT to a group already receiving therapeutic 
levels of deep massage did not improve outcomes in TTH sufferers beyond the level 
obtained by a group receiving the massage and a placebo treatment. This study is the 

only one to report no additional benefit from SMT.
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VI.4. Physiotherapy trials:

Three RCT's were identified involving multi-modality physiotherapy treatment 
programmes. The quality scores for these trials ranged from 33 - 58% (low - to - 
moderately high quality). The study with the highest rating (Carlsson et al. [197]) 
compared physiotherapy treatment to acupuncture. In this trial, "physiotherapy" 
consisted of a variety of patient-initiated modalities, including relaxation techniques, 
stretching, TENS and ice therapy, as well as education regarding muscle tension and 
how to control it "autogenically". Both treatments produced positive benefit in mood 
state and overall health function as well as in the intensity and frequency of headaches. 
Physiotherapy produced greater gains in mood state and in headache intensity.

In both other studies [198, 199], the physiotherapy modalities employed included TENS, 
heat, massage and ultrasound therapy to the painful areas, trigger point therapy, 
exercise therapies, biofeedback and education. In Jay et al.'s study [198] all subjects 
received amitryptiline medication. They reported that subjects receiving the additional 
physiotherapy treatments fared better than those receiving only the medication. Only 
the study by Marcus et al. [199] employed a control procedure consisting of education 
and "skin-cooling" biofeedback. They reported that the combined physiotherapy group 
"was more likely to experience significant headache relief than the attention control 

group (72.7% vs 28.6%, p<.03).
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Table 10. Evidence table for physiotherapy studies
AUTHORS

Carlsson et
al., 1990
[197]

Marcus et
al., 1995
[198]

Jay et al., 
1988 [199]

TOTAL OR
AVERAGE

HEADACHE
TYPE

chronic
tension

headache

migraine =
36%

tension =
28%

combined=
36%
(IMS)

chronic 
muscle 

contraction
headache

SAMPLE
SIZE

62

25

60

147

STUDY
DURATION

60-90
days

60 days

90 days 
Tx 

90 days
Follow-up

80 days

TREATMENT
GROUPS 

(N)

(1) P/T
= 29

(2) ACUP 
= 23

(1)P/T
+BIOF
= 11

(2) ATTEN.
CONTROL

= 14

(1)MEDS+ 
BIOF 

(2) + P/T
+ TENS

(3) + P/T
ONLY

RESULTS

Po
st - Tx F:
(1) reduced,

p<.001 
(2) reduced,

p<.01
Post - Tx S:
(1)-25mm
@ 4-9 wk

+1 mm
@7-12mo

***

(2)
-1 mm

@ 4-9 wk
+12 mm

@7-12 mo
Post - Tx F:
(1) -8.3 days
(2) -2.7 days

(sig. ?)
Po

cl TV Q- Si - IX Q.

(2) -32.7%
Subjects with

siqnif.
change:
(1)73%*
(2) 27%

Po
st - Tx S:
WK(1)(2)(3) 

1 263324
5 141 74 ^ IT1 1 . / ^r,O

8 3 1 1.9
24 41.61.3

(2) and (3) >
(1)

(2) = (3)

SIDE
EFFECTS

Not
mentioned

Not
mentioned

Not 
mentioned

QUALITY
SCORES

58

55

33

47

Legend: As with Table 9. Treatment types: ACUP = acupuncture, P/T = physical therapy or physiotherapy, MEDS 
medication, TENS = transcutaneous electrical nerve stimulation, BIOF = biofeedback, ATTEN. = attention control.

In all three studies, (see Table 10) various combinations of these "physiotherapeutic" 

and "cognitive/behavioral" therapies (as well as medications, in one study) were 

employed, making the determination of the effect of each of these components 

impossible. A total of 147 subjects were included in these three studies.
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VI.5. Massage trials:

No RCT was found on the effects of manual massage as the primary therapy for non- 

migrainous headache. The study by Bove and Nilsson [192] employed deep muscular 

massage to the trapezius and sub-occipital region as a control treatment. Subjects in 

both groups received this therapy, while they were randomly allocated to additionally 

receive spinal manipulation or sham treatment. As such, no randomized comparison of 

massage alone versus another treatment has been reported.

VI.6 Conclusion:

Manual therapies for non-migrainous headache appear to operate by several 

mechanism. The more general of these involves the relief of pain by endogenous anti- 

nociceptive processes [81, 200, 201]. The mechanism by which these therapies may 

work could be described as "systemic", and may be activated by massage therapy, as 

well as some of the relaxation techniques employed within "physiotherapy" (although 

these were not reviewed in this thesis). The mechanism of these therapies may overlap 

with cognitive and behavioral therapies which have demonstrated effectiveness 

[185,187,188].

A second mechanism appears to involve treatments of the cervical spine or cranial 

muscles as putative sources of headache pain. Manual therapies, including spinal 

manipulation, mobilization, massage, and other "physiotherapeutic" procedures such as 

guided exercise and guided postural education appear to target the soft tissues of 

cervical spine and cranio-cervical junction which may be producing referred head pain.

The other regional mechanism involves therapies directed to the cranial area, including 

massage techniques and those involved in "alternative medicine" approaches such as 

cranio-sacral therapy (which, again, has not been reviewed here)
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These latter two mechanisms may be described as "local" and appear to involve either 

the relief of referred cranial pain from cervical sources or the reduction of local cranial 

pain by counter-irritation. These therapies might also exert a relaxant effect on local 
musculature.

Vernon et al. [21, 32] conclude that randomized clinical trials of manual therapies for 

tension-type and cervicogenic headache have been conducted and reported at a 

sufficiently high level of quality to support the existence of the conditions and the 

efficacy of this type of treatment. It is claimed that it is not possible to investigate the 
benefit of manual therapies with RCT's, in that, in requiring an appropriate level of 

standardization and methodological rigor, compromises may be created to the treatment 
context, which may then invalidate the results obtained [32]. While this may be true to 

some extent, it would appear that this is not inevitable. Efforts to create placebo-like 
interventions were undertaken by Bove and Nilsson [192], by the use of de-tuned short 

wave therapy. The sham procedures used in acupuncture trials (see: full review by 
Vernon et al. [32]) could be employed in future manual therapy trials. Finally, the 

clinical trial in which the author is currently engaged incorporates sham cervical 
manipulation maneuvers comparable to those which have been used in lumbar spine 

manipulation trials [202].

It has also been shown that investigators in these areas can develop well-designed, 
high quality studies and recruit appropriately large samples of subjects. As this 

development evolves, the database of outcomes for at least some of these treatment 
approaches should become large enough to conduct meta-analyses so that more robust 

evidence-based decisions can be made by practitioners.

Methodological deficiencies certainly exist in these trials and they point to areas where 

future clinical trials should be improved. Careful selection of headache subjects 

according to explicit inclusion and exclusion criteria following the IMS classification 

guidelines [39] should be employed. Provider and subject blinding may be difficult to
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achieve in studies of manual therapy treatments, but every effort should be made to 

blind the treatment allocation from all parties not directly involved in the treatment, 

particularly the assessors. The issue of long-term follow-up must be dealt with in future 

trials in order to establish the true value of these treatments to society at large and their 

impact on the health care system.
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VII CONCLUSION

This thesis has proposed the following:

"that mechanical disorders of the upper cervical spine are an important cause of

headaches".

Four hypotheses were developed to investigate this thesis.

1. Upper cervical spine dysfunction plays an important role in headache etiology.

2. The importance of this role is more or less, depending on the type of headache.

3. Cervical dysfunction can be assessed and characterized by a range of standard 

clinical methodologies employed in manual therapy.

4. The cervical dysfunction involved in these types of headaches is treatable by spinal 

manipulative therapy and this results in clinical benefit for patients with these conditions.

I have presented evidence of four kinds from my published work to support this thesis.

A. An anaesthetized animal model of upper cervical deep somatic inflammation has 

provided pathophysiologic responses which could be the origins of headaches of 

cervical origin, particularly the type currently known as "cervicogenic headache".

B. Clinical descriptions have been redefined to reveal common features which could be 

grouped together and attributed to pathologies or dysfunctions in the regions 

investigated in the animal model.

C. A new form of questionnaire was developed which produced evidence of an 

association between headache and neck pathology or dysfunction.
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D. An extensive literature review revealed reported associations between headache 

and neck pathology in diverse works, particularly those involving manual assessment 

and therapeutic procedures in the cervical spine.

The evidence from such diverse sources strongly supports the hypotheses developed 

here and my thesis, that- 

mechanical disorders of the upper cervical spine are an important cause of 

headache.

79



REFERENCES

1. Waalen DP, White TP, Waalen JK. Demographic and clinical characteristics of 
chiropractic patients: a five-year study of patients treated at the Canadian Memorial 
Chiropractic College. J Can Chiro Assoc 1994;38:75-82.

2. Kelner M, Wellman B. Who seeks alternative health care? A profile of the users of 
five modes of treatment. J Alt Comp Med 1997;3:127-40.

3. Hurwitz EL, Coulter ID, Adams AH, Genovese BJ, Shekelle PG. Use of chiropractic 
services from 1985 through 1991 in the United States and Canada. Am J Public Health 
1998;88:771-6.

4. Vernon HT. Chiropractic: a model of incorporating the Illness Behavior Model in the 
management of low back pain patients. J Manip Physiol Ther 1991 ;14:379-389.

5. Vernon HT. Cervicogenic Headache. In: Gatterman M, ed Foundations of 
Chiropractic: Subluxation Chicago, IL: Mosby, 1988;306-18.

6. Hu JW, Yu X-M, Vernon HT, Sessle BJ. Excitatory effects on neck and jaw muscle 
activity of inflammatory irritant applied to cervical paraspinal tissues. Pain, 1993; 
55:243-250.

7. Yu X-M, Hu JW, Vernon H and Sessle BJ. Effects of inflammatory irritant application 
to the rat TMJ on jaw and neck muscle activity. Pain, 1995; 60:143

8. Yu X-M, Sessle BJ, Vernon H, Hu JW. Administration of opiate antagonist naloxone 
induces recurrence of increased jaw muscle activities related to inflammatory irritant 
application to rat TMJ region. J. Neurophysiology. 1994;72; 1430-1433.

9. Hu JW, Yu X-M, Sunakawa M, Chiang CY, Haas DA, Kwan CL, Tsai C-M, Vernon 
H, Sessle BJ. Electromyographic and trigeminal brainstem neuronal changes 
associated with inflammatory irritation of superficial and deep craniofacial tissues in 
rats. In: Gebhart GF, Hammond DL, Jensen TS, eds. Progress in Pain Research, 
Volume 2. Seattle, WA: IASP Press, 1994:325-336.

10. Hu JW, Vemon HT, Tatourian I. Changes in neck electromyography associated 
with meningeal noxious stimulation. J Manip Physiol Therap 1995; 18: 577-581.

11. Yu X-M, Sessle BJ, Haas DJ, Izzo A, Vernon H, Hu JW. Involvement of NMDA 
receptor mechanisms in the jaw EMG activity and plasma extravasation induced by 
inflammatory irritant injection into the rat TMJ region. Pain 1996; 68:169-178.

80



12. Hu JW, Tsai C-M, Bakke M, Seo K, Tambeli CH, Vernon H, Bereiter D, Sessle B. 
Deep Craniofacial Pain: involvement of trigeminal subnucleus caudalis and modulation. 
In: Jensen TS, Turner JA and Wiesenfield-Hallin Z, ed. Proceedings of the 8th World 
Congress on Pain, Vol. 8., IASP Press, Seattle, WA, 1997.

13. Hu JW, Tatourian I, Vernon H. Opioid involvement in electromyographic (EMG) 
responses induced by injection of inflammatory irritant into deep neck tissues. 
Somatosens Mot Res 1997; 13:139-146.

14. Vernon H and Hu J. Neuroplasticity in the Upper Cervical Spine. J 
Neuromusculoskel Sys 1999;7:51-64.

15. Vernon H, Dhami I. Vertebrogenic migraine. J. Can Chiro Assoc 1985; 29(1):20-24.

16. Vernon HT. Spinal manipulation and headaches of cervical origin: a review of past 
and current trends. J. Manip Physiol Therap 1989:12:455-468.

17. Vernon HT. Spinal manipulation and headache: a review of literature and case 
presentations. J Man Med 1991 ;6:73-79.

18. Vernon HT. Spinal manipulation and headaches: an update. Top Clin Chiro 1995; 
2(3): 34-47.

19. Vernon HT. The effectiveness of chiropractic manipulation for headache: an 
exploration in the literature. J Manip Physiol Therap 1995; 18: 611-617.

20. Vernon HT. Tension-type and cervicogenic headaches: Part 1. Clinical 
descriptions and methods of assessment. In: Vernon HT., ed. Cranio-Cervical 
Syndrome: Mechanisms, Assessment and Treatment. Oxford, UK: Butterworth, 
Heinemann, 1999; pp. 117-138.

21. Vernon HT, McDermaid C, Hagino C. Tension-type and cervicogenic headaches: 
Part 2. A systematic review of complementary and alternative therapies. In: Vernon 
HT., ed. Cranio-Cervical Syndrome: Mechanisms, Assessment and Treatment. Oxford, 
UK: Butterworth, Heinemann, 1999; pp. 139-154.

22. Sjaastad O, Saunte C, Hovdahl H, Breivek H, Gronback E. Cervicogenic headache: 
an hypothesis. Cephalalgia 1983;3:249-56.

23. Sjaastad O, Fredrickson TA, Stolt-Neilsen A. Cervicogenic headache, C2 rhizopathy 
and occipital neuralgia: a connection. Cephalalgia 1986;6:189-95.

24. Fredrickson TA, Hovdahl H, Sjaastad O. Cervicogenic headache: clinical 
manifestations. Cephalalgia 1987,7:147-60.

81



25. Pollmann W, Keidel M, Pfaffenrath V. Headache and the cervical spine: a critical 
review. Cephalalgia 1997:17:801-816.

26. Vincent M, Luna RA. Cervicogenic headache: Josey's cases revisited. Arq 
Neuropsiquiatr 1997;55:841-848.

27. Vernon HT, Steiman I, Hagino C. Cervicogenic dysfunction in muscle 
contraction and migraine headaches. J Manip Physiol Therap 1992; 15(7):418-429.

28. Vernon H, Mior S. The Neck Disability Index: a study of reliability and validity. J 
Manip Physiol Therap 1991; 14:409-415.

29. Vernon HT. The Neck Disability Index: Patient assessment and outcome monitoring 
in whiplash. J Musculoskel Pain 1996; 4: 95-104.

30. Vernon HT. Correlations among ratings of pain, disability and impairment in 
whiplash associated disorder. Pain Res Man 1997;2:207-213.

31. Vernon H. Assessment of self-rated disability, impairment and sincerity of effort in 
whiplash-associated disorders. J Musculoskel Pain 2000; 8:155-168.

32. Vernon HT, McDermaid C, Hagino C. Systematic review of 
complementary/alternative treatments for tension-type and Cervicogenic headache. 
Compl Ther Med 1999;7:142-145.

33. Vernon HT and McDermaid C. Chiropractic management of episodic tension-type 
headaches: a survey of clinical specialists. J Can Chirop Assoc 1998;42:209-215.

34. Silberstein SD. Tension-type headaches. Headache 1994;34:s2-7.

35. Leonard! M, Nusicoo M, Nappi G. Headache as a major public health problem: 
current status. Cephalalgia 1998; 18:66-9.

36. Waters WE. The Pontypridd Headache Survey. Headache 1974; 14:81-90.

37. Diamond S, Baltes BJ. Management of headache by the family physician. Amer 
FamPhys 1972:5:68-76.

38. Ad Hoc Committee on Classification of Headache. Classification of Headache. Arch 
Neural 1962;613-6.

39. International Headache Society. Classification and Diagnostic Criteria for Headache 
Disorders, Cranial Neuralgias and Facial Pain. Cephalalgia 1988;Suppl.7.

82



40. Pryse-Phillips w, Findlay H, Tugwell P, Edmeads J, Murray TJ, Nelson RF. A 
Canadian population survey on the clincal, epidemiologic and societal impact of 
migraine and tension-type headache. Can J Neurol Sci 1992; 19:333-9.

41. Schwartz BS, Stewart F, Simon D, Lipton RB. Epidemiology of tension-type 
headache. J Amer Med Assoc 1998;279:381-3.
42. Ramussen BK. Epidemiology of headache. Cephalalgia 1995;15:45-68.

43. Gobel H, Peterson-braun M, Soyka D. The epidemiology of headache in Germany: 
a nationwide survey of a representative sample on the basis of the headache 
classification of the international headache society. Cephalagia 1994; 14:97-106.

44. Honskaalo M-L, Kaprio J, Keikkila K, Sillanpaa M, and Koskenvuo M. A 
population-based survey of headache and migraine in 22,809 adults. Headache 
1993;33:403-12.

45. Edmeads J, Findlay H, Tugwell P, Pryse-Phillips W, Nelson RF, Murray TJ. Impact 
of migraine and tension-type headache on life-style, consulting behaviour, and 
medication use: a Canadian population survey. Can J Neurol Sci 1993;20:131-7.

46. Wober-bingol C, Wober C, Karwautz A, Schnider P, Vesely C, Wagner-Ennsgraber 
C, Zebenholzer K, Wessely P. Tension-type headache in different age groups at two 
headache centers. Pain 1996;67:53-8.

47. Graff-Radford SB, Reeves JL, Jaeger B. Management of chronic head and neck 
pain: effectiveness of altering factors perpetuating myofascial pain. Headache 
1987;27:186-90.

48. Bartschi-Rochaix W. Migraine cervicale: das encephale syndrom nach 
halswirbeltrauma. Bern: Huber, 1949.

49. Hunter CR, Mayfield FH. The role of the upper cervical roots in the production of 
pain in the head. Am J Surg 1949:48:743-751.

50. Campbell AMG, Hoyd IK. Atypical facial pain. Lancet 1954:11:1034-1038.

51. Pfaffenrath V, Dandekar R, Mayer E, Hermann G, Pollman W. Cervicogenic 
headache: results of computer-based measurements of cervical spine mobility in fifteen 
patients. Cephalalgia 1990;10:295-303.

52. Leone M, D'Amico D, Moschiano F, Farinotti M, Fillipini G, Bussone G. Possible 
identification of cervicogenic headache among patients with migraine: an analysis of 
374 headaches. Headache 1995;35:461-4.

83



53. Bogduk N, Marsland A. On the concept of third occipital headache. J Neural 
Neurosurg Psychiatry 1986;49:775-80.

54. Bogduk N. Cervical causes of headache and dizziness. In: Grieve GP, ed Modern 
Manual Therapy of the Vertebral Column Edinburgh, Scotland, Churchill Livingstone 
1986:289-302.

55. Lord SM, Barnsley L, Wallis BJ, Bogduk N. Third occipital nerve headache: a 
prevalence study. J Neural Neurosurg Psychiatry 1994;57:1187-90.

56. International Association for the Study of Pain (IASP). Cervicogenic Headache. IN: 
Merskey H and Bogduk N. (Eds.), Classification of chronic pain. Descriptions of chronic 
pain syndromes and definitions of pain terms, 2 nd edition. Seattle, WA: IASP Press, 
1994, pp 94-95.

57. Persson LCG, Carlsson JY. Headache in patients with neck-shoulder-arm pain of 
cervical radicular origin. Headache 1999;39:218-224.

58. Sjaastad O, Fredriksen TA, Pfaffenrath V. Cervicogenic headache: diagnostic 
criteria. Headache 1990;30:725-726.

59. Leone M, Domenico D, Grazzi L, Attanasio A, Bussone G. Cervicogenic headache: 
a critical review of the current diagnostic criteria. Pain 1998;78:1-5.

60. Pfaffenrath V, Kaube H. Diagnostics of Cervicogenic headache. Funct Neural 
1990;5:159-164.

61. Nilsson N. The prevalence of Cervicogenic headache in a random sample of 20-59 
year olds. Spine 1995:20:1884-1888.

62. Edmeads J. Headaches and head pains associates with diseases of the cervical 
spine. Med Clin North Amer 1978;62:533-41.

63. Kapandji IA. The Physiology of the Joints: The Trunk and Vertebral Column. 
Edinburgh, Scotland: Churchill, Livingstone; 1974.

64. Bogduk N, Corrigan B, Kelly P, Schneider G, Farr R. Cervical headache. Med J 
Aust 1985; 143:202-7.

65. Gobel S. An EM analysis of the transsynaptic effects of peripheral nerve injury 
subsequent to tooth pulp extirpations on neurons in laminae I and II of the medullary 
dorsal horn. J Neurosci 1984;4:2281-90.

66. Kerr FW. Structural relation of the trigeminal spinal tract to upper cervical roots and 
the solitary nucleus in the cat. Experim Neural 1961;4:134-48.

84



67. Committee for Research and Ethical Issues. International Association for the Study 
of Pain. Seattle, WA: 1996.

68. Hu JW, Dostrovsky JO, Sessle BJ. Functional properties of neurons in cat 
trigeminal subnucleus caudalis (medullary dorsal horn). Responses to oral-facial 
noxious and non-noxious stimuli and projections to thalamus and subnucleus oralis. J 
Neurophys 1981;45:173-207.
69. Sessle BJ, Hu JW, Amano N, Zhong G. Convergence of cutaneous, tooth pulp, 
visceral, neck and muscle afferents onto nociceptive and non-nociceptive neurones in 
the trigeminal subnucleus caudalis (medullary dorsal horn) and its implications for 
referred pain. Pain 1986;27:219-35.

70. Sessle BJ, Hu JW, Yu X. Brainstem mechanisms of referred pain and hyperalgesia 
in the orofacial and temperomandibular region. In: Vecchiet L, Albe-Fessard D, 
Lindblom U, Giamberardino MA, eds. New Trends in Referred Pain and Hyperalgesia. 
Amsterdam, The Netherlands: Elsevier 1993.

71. Amano N, Hu W, Sessle BJ. Responses of neurons in feline trigeminal subnucleus 
caudalis (Medullary dorsal horn) to cutaneous, intraoral and muscle afferent stimuli. J 
Neurophys 1986;55:227-43.

72. Broton JG, Hu JW, Sessle BJ. Effects of temporomandibular joint stimulation on 
nociceptive and non-nociceptive neurons of the cat's trigeminal subnucleus caudalis 
(medullary dorsal horn). J Neurophys 1988;59:1575-89.

73. Hu JW. Response properties of nociceptive and non-nociceptive neurons in the rat's 
trigeminal subnucleus caudalis (medullary dorsal horn) related to cutaneous and deep 
craniofacial afferent stimulation and modulation by diffuse noxious inhibitory controls. 
Pain 1990:41:331-45.

74. Dickenson AH, Le Bars D, Besson JM. Diffuse noxious inhibitory controls (DNIC). 
Effects on trigeminal nucleus caudalis neurones in the rat. Brain Res 1980:200:293-305.

75. Hu JW, Sessle BJ, Raboisson P, Dallel R, Woda A. Stimulation of craniofacial 
muscle afferents induces prolonged facilitatory effects in trigeminal nociceptive 
brain-stem neurones. Pain 1992:48:53-60.

76. Yu X, Sessle BJ, Hu JW. Differential effects of cutaneous and deep application of 
inflammatory irritant on mechanoreceptive field properties of trigeminal brain stem 
neurons. J Neurophys 1993;70:1704-7.

77. Mense S. Nociception from skeletal muscle in relation to clinical muscle pain. Pain 
1993:54:241-89.

85



78. Schaible HG, Schmidt RF. Time course of mechanosensitivity changes in articular 
afferents during a developing experimental arthritis. J Neurophysiol 1988;60:2180-95.

79. Lawrence RC, Helmick CG, Arnett FC, et al. Estimates of the prevalence of arthritis 
and selected musculoskeletal disorders in the United States. Arth Rheum 
1998:41:778-99.

80. Gillette RG, Kramis RC, Roberts WJ. Characterization of spinal somatosensory 
neurons having receptive fields on lumbar tissues of cats. Pain 1993;54:85-98.
81. Gillette RG. Spinal cord mechanisms of referred pain and neuroplasticity. 
In: Gatterman Ml, ed. Foundations of Chiropractic: Subluxation. St. Louis, MO: 
Mosby-Yearbook; 1995.

82. Dubuisson D, Dennis SG. The formalin test: a quantitative study of the analgesic 
effects of morphine, meperidine and brain stem stimulation in rats and cats. Pain 
1977:4:161-74.

83. Angus-Leppan H, Lambert GA, Michalicek J. Convergence of occipital nerve and 
superior sagittal sinus input in the cervical cord of the cat. Cephalalgia 1997; 17:625-30.

84. Goadsby PJ, Knight YE, Hoskin KL. Stimulation of the greater occipital nerve 
increases metabolic activity in the trigeminal nucleus caudalis and cervical dorsal horn 
of the cat. Pain 1997;73:23-8.

85. Feinstein.B, Langton.J, Jameson.R, Schiller I. Experiments on pain referred from 
deep somatic tissues. J Bone Joint Surg 1954; 36A:981-987

86. Travel! JG, Simons DG. Myofascial Pain and dysfunction. The trigger point manual. 
Baltimore, MD: Williams and Wilkens; 1983;

87. Lord SM, Barnsley L, Bogduk N. The utility of comparative local anaesthetic blocks 
vs placebo-controlled blocks for the diagnosis of cervical zygapophysial joint pain. Clin J 
Pain 1995:11:208-13.

88. Aprill C, Dwyer A, Bogduk N. Cervical zygapophyseal joint pain patterns II: a clinical 
evaluation. Spine 1990; 15:458-461.

89. Dreyfuss P, Michaelsen M, Fletcher D. Atlanto-occipital and lateral atlanto-axial 
joint pain patterns. Spine 1994; 19:1125-31.

90. Barnsley L, Lord S, Wallis BJ, Bogduk N. The prevalence of chronic cervical joint 
pain after whiplash. Spine 1995;20:20-6.

86



91. Bouquet J, Boismaire F, Payenville G, Leclerc D, Monnier JC, Moore N. 
Lateralization of headache: possible role of an upper cervical trigger point. Cephalalgia 
1989:9:15-24.

92. Jaeger B. Cervicogenic headache: a relationship to cervical spine dysfunction and 
myofascial trigger points. Cephalalgia 1987;(Suppl 7):398-9.

93. Langemark M, Jensen K, Jensen TS, Olesen J. Pressure pain thresholds and 
thermal nociceptive thresholds in chronic tension-type headache. Pain 1989;38:203-10.

94. Bovim G. Cervicogenic headache.migraine and tension-type 
headache:pressure-pain threshold measurements. Pain 1992;51:169-73.
95. Bendtsen L, Jensen R, Jensen NK, Olesen J. Pressure-controlled palpation: a new 
technique which increases the reliability of manual palpation. Cephalalgia 
1995:15:205-10.

96. McCarthy DJ, Gatter RA, Phelps P. Dolorimeter for quantification of articular 
tenderness. Arth Rheum 1964;8:551-9.

97. Merskey H, Spear FG. Reliability of pressure algometry. Br J Soc Clin Psychol 
1964;3:130-6.

98. Fischer AA. Pressure threshold measurement for diagnosis of myofascial pain and 
evaluation of treatment results. Clin J Pain 1987;2:207-14.

99. Fischer AA, Chang CH. Temperature and pressure thresholds over trigger points. 
Thermology 1986; 1:212-5.

100. Reeves JL, Jaeger B, Graff-Radford SB. Reliability of pressure algometer as a 
measure of myofascial trigger point sensitivity. Pain 1986;24:313-21.

101. Jensen K, Anderson HO, Olesen J, Lindblom U. Pressure pain threshold in human 
temporal region: evaluation of a new pressure algometer. Pain 1986:24:322-3.

102. Kosek E, Ekholm J, Nordemar R. A comparison of pressure pain thresholds in 
different tissues and body regions. Scand J Rehab Med 1993:25:117-24.

103. Wallace HL, Jahner S, Buckle K, Desai N. The relationship of changes in cervical 
curvature to visual analogue scale, Neck Disability Index scores and pressure algometry 
in patients with neck pain. J Chiro Res Clin Invest 1994:9:19-23.

104. Vemon HT, Aker PD, Burns S, Viljakaanen S, Short L. Pressure pain threshold 
evaluation of the effect of spinal manipulation in the treatment of chronic neck pain. J 
Manip Physiol Therap 1990; 13:13-6.

87



105. Bogduk N. The clinical anatomy of the cervical dorsal rami. Spine 1982; 13:26-9.

106. Terrett A. Neck-Tongue Syndrome and Spinal Manipulative Therapy. In: 
Vernon HT, ed. Upper Cervical Syndrome: Chiropractic Diagnosis and Treatment. 
Baltimore: Williams and Wilkens; 1988.

107. Hack GD, Koritzer RT. Anatomic relation between the rectus capitus posticus 
minor muscle and the dura mater. Spine 1995;20:2484-6.

108. Elvidge AR, Choh-Luh L. Central protrusion of cervical intervertebral disc involving 
the descending trigeminal tract. Arch Neural Psychiat 1950;63:455-66.

109. Await P, Lavin NL, McKeough M. Radiographic measurements of intervertebral 
foramina of cervical vertebra in forward and normal head posture. J Cranio Practice 
1989;7:275-85.

110. Darnell MW. A proposed chronology of events for forward head posture. J Cranio 
Practice 1983; 1:50-4.

111. Watson DH, Trott PH. Cervical headache: an investigation of natural head posture 
and upper cervical flexor muscle performance. Cephalalgia 1993; 13:272-82.

112. Treleaven J, Jull G, Atkinson L. Cervical musculoskeletal dysfunction in 
post-concussional headache. Cephalalgia 1994; 14:273-9.

113. Grimmer K, Blizzard L, Dwyer T. Frequency of headaches associated with the 
cervical spine and relationships with anthropometric, muscle performance and 
recreational factors. Arch Phys Med Rehab 1999;80:512-521.

114. Placzek JD, Pagett BT, Roubal PJ, Jones BA, McMichael HG, Rozanski EA, 
Gianotto KL. The influence of the cervical spine on chronic headache in women: a pilot 
study. J Man Manip Therap 1999;7:33-39.

115. Zachman Z, Traina A, Keating JC, Bolles ST, Braum-Porter L. Inter-examiner 
reliability and concurrent validity of two instruments for the measurement of cervical 
ranges of motion. J Manip Physiol Therap 1989;12:205-10.

116. Cassidy JD, Lopes AA, Yong-Hing K. The immediate effect of manipulation versus 
mobilization on pain and range of motion in the cervical spine: a randomized controlled 
trial. J Manip Physiol Therap 1992; 15:570-5.

117. Tucci SM, Hicks JE, Gross EG, Campbell W, Danoff J. Cervical motion 
assessment: a new.simple and accurate method. Arch Phys Med Rehab 
1986:67:225-30.

88



118. Rheault W, Albright B, Byers C, Franta M, Johnson A, Skowronek M, Dougherty J. 
Inter-tester reliability of the cervical range of motion device. J Ortho Sports Therap 
1992;15:147-50.

119. Capuano-Pucci D, Rheault D, Aukai J, Bracke M, Day R, Pastrick M. Intra-tester 
and inter-tester reliability of the cervical range of motion device. Arch Phys Med Rehab 
1991;72:338-40.

120. Youdas JW, Carey JR, Garrett TR. Reliability of measurements of cervical range 
of motion: comparison of three methods. Phys Therap 1991:71:98-106.
121. Stodolny J, Chmielewski H. Manual therapy in the treatment of patients with 
cervical migraine. J Man Med 1989;4:49-51.

122. Kidd RF, Nelson R. Musculoskeletal dysfunction of the neck in migraine and 
tension headache. Headache 1993:33:566-9.

123. Sandmark H, Nisell R. Validity of five common manual neck pain provoking tests. 
Scan J Rehab Med 1995;27:131-136.

124. Stolk-Hornsveld F, Gijsbert TJ, Duquet W, Stoekart R, Oostendorp RAB. Impaired 
mobility of cervical spine as a tool in the diagnosis of cervicogenic headache (abstr). 
Cephalalgia 1999:19:436.

125. Dvorak J, Antinnes JA, Panjabi M, Loustalot D, Bonomo M. Age and gender 
related normal motion of the cervical spine. Spine 1992;17:S393-398.

126. Hildingsson C, Toolanen G. Outcome after soft-tissue injury of the cervical spine: 
a prospective study of 93 car accident victims. Acta Orthop Scand 1990;61:356-359.

127. Hohl M. soft tissue injuries of the neck in automobile accidents: factors influencing 
prognosis. J Bone Joint Surg 1974;56A: 1675-1682.

128. Gargan MF, Bannister GC. The rate of recovery following whiplash injury. Eur 
Spine J 1994;3:162-164.

129. Osterbauer PJ, Derickson KL, Peles JD, DeBoer KF, Fuhr AW, Winters JM. Three 
dimensional head kinematics and clinical outcome of patients with neck injury treated 
with spinal manipulative therapy: a pilot study. J Manip Physiol Therap 1992:15:501- 
511.

130. Hagstrom Y, Carlsson J. Prolonged functional impairments after whiplash injury. 
Scand J Rehab Med 1996;28:139-146.

89



131. Jordan A, Bendix T, Nielsen H, Hansen FR, Host D, Winkel A. Intensive training, 
physiotherapy or manipulation for patients with chronic neck pain: a prospective, single- 
blind, randomized clinical trial. Spine 1998:23:311-319.

132. Nagasawa A, Sakakibara T, Takahashi A. Roentgenographic findings of cervical 
spine in tension-type headache. Headache 1993;33:90-5.

133. Lewit K. Ligament pain and anteflexion headache. Eur Neural 1971 ;5:365-78.

134. Sachse J, Erhardt E. Phenomenological investigation in migraine patients. Man 
Med 1982;20:59-64.

135. Lebbink J, Spierings EL, Messinger HB. A questionnaire survey of muscular 
symptoms in chronic headache: an age and sex-controlled study. Clin J Pain 
1991;7:95-101.

136. Jensen R, Rasmussen BK, Pedersen B, Lous I, Olesen J. Cephalic muscle 
tenderness and pressure pain threshold in a general population. Pain 1992:48:197-203.

137. Jensen R, Rasmussen BK, Pedersen B, Olesen J. Muscle tenderness and 
pressure pain threshold in headache: a population study. Pain 1993:52:193-9.

138. Jensen OK, Nielsen FF, Vosmar L. An open study comparing manual therapy with 
the use of cold packs in the treatment of post-traumatic headache. Cephalalgia 
1990;10:241-50.

139. Hatch JP, Moore PJ, Cyr-Provost M, Boutness N, Seleshi E, Borcherding S. The 
use of electromyography and muscle palpation in the diagnosis of tension-type 
headache with and without pericranial muscle involvement. Pain 1992;49:175-8.

140. Mercer S, Marcus D, Nash J. Cervical musculoskeletal disorders in migraine and 
tension-type headache. Phys Ther 1993;73(105 (abstr)).

141. Levoska S, Keinanen-Kiukaanniemi S, Bloigu R. Repeatability of measurement of 
tenderness in the neck-shoulder region by dolorimeter and manual palpation. Clin J 
Pain 1993:9:229-35.

142. Levoska S. Manual palpation and pain threshold in female office employees with 
and without neck-shoulder symptoms. Clin J Pain 1993;9:236-41.

143. Hubka MJ, Phelan SP. Inter-examiner reliability of palpation for cervical spine 
tenderness. J Manip Physiol Therap 1994; 17:591-5.

144. Nilsson N. Measuring cervical muscle tenderness: a study of reliability. J Manip 
Physiol Therap 1995; 18:88-90.

90



145. Sandrini G, Antonaci F, Pucci E, Bono G, Nappi G. Comparative study with EMG, 
pressure algometry and manual palpation in tension-type headache and migraine. 
Cephalalgia 1994; 14:451-457.

146. Drummond P. Scalp tenderness and sensitivity to pain in migraine and tension 
headache. Headache 1987;27:45-50.

147. List T, Helkimo M, Falk G. Reliability and validity of a pressure threshold meter in 
recording tenderness in the masseter muscle and the anterior temporalis muscle. J 
Cranio Pract 1989:7:223-9.

148. Takala E. Pressure pain threshold on upper trapezius and levator scapulae 
muscles: repeatability and relation to subjective symptoms in a working population. 
Scand J Rehab Med 1990;22:62-8.

149. Hogeweg JA, Langereis MJ, Bernards ATM, Faber JAJ, Helders PJM. Algometry: 
measuring pain threshold, method and characteristics in healthy subjects. Scand J 
Rehab Med 1992;24:99-103.

150. Chung S, Un B, Kim H. Evaluation of pressure pain threshold in head and neck 
muscles by electronic algometer: intra-rater and inter-rater reliability. J Cranio Pract 
1998;10:28-34.

151. Jensen K, Anderson HO, Olesen J, Lindblom U. Pressure pain threshold in human 
temporal region: evaluation of a new pressure algometer. Pain 1986;24:322-3.

152. Kosek E, Ekholm J, Nordemar R. A comparison of pressure pain thresholds in 
different tissues and body regions. Scand J Rehab Med 1993;25:117-24.

153. Mazzotta G, Sarchielli P, Gaggioli A, Gallai V. Study of pressure pain and cellular 
concentration of neurotransmitters related to nociception in episodic tension-type 
headache patients. Headache 1997;37:565-571.

154. Gillet H. Belgian Chiropractic Research Notes. 10th ed. Huntington Beach, CA: 
Motion Palpation Inst. 1970;

155. Gillet H, Liekens M. A further study of spinal fixations. Ann Swiss Chiro Assoc 
1969:4:41-6.

156. Faye LJ. Spine II. Motion Palpation and Clinical Considerations of the Cervical 
and Thoracic spine. Huntington Beach, CA: Motion Palpation Inst. 1986;

91



157. Grice AS. A biomechanical approach to cervical and dorsal adjusting. In: 
Haldeman S, ed. Modern Developments in the Principles and Practice of Chiropractic. 
New York, NY: Appleton-Century-Crofts; 1980; p. 331-58.

158. Fligg B. Motion palpation of the upper cervical spine. In: Vernon HT, ed.The Upper 
Cervical Syndrome: Chiropractic Diagnosis and Treatment. Baltimore, MD: Williams and 
Wilkens; 1988; p. 113-23.

159. Lewit K. Manipulative Therapy in the Rehabilitation of the Locomotor System. 
London, England: Butterworths; 1991.

160. Mennel JM. Joint Pain. Boston, MA: Little, Brown; 1964.

161. DeBoer KF, Harmon R, Turtle CD, Wallace H. Reliability study of the detection of 
somatic dysfunctions in the cervical spine. J Manip Physiol Therap 1985;8:9-16.

162. Mior SA, King RS, McGregor M, Bernard M. Intra- and inter-examiner reliability of 
motion palpation in the cervical spine. J Can Chiro Assoc 1985;29:195-9.

163. Strender L-E, Lundin M, Neil K. Inter-examiner reliability in physical examination of 
the neck. J Manip Physiol Therap 1997;20:516-520.

164. Jull G, Zito G, Trott P, Potter H, Shirley D, Richardson C. Inter-examiner reliability 
to detect painful upper cervical joint dysfunction. Aust J Physio 1997;43:125-129.

165. Jull GA. Clinical observations of upper cervical mobility. In: Grieve GP, ed. Modern 
Manual Therapy of the Vertebral Column. Edinburgh, Scotland: Churchill-Livingstone; 
1986; p. 312-5.

166. Jull GA. Manual diagnosis of C2-C3 headache. Cephalalgia 1985;5(Suppl 
5):308-9.

167. Jull GA, Bogduk N, Marsland A. The accuracy of manual diagnosis of cervical 
zygapophysial joint pain syndrome. Med J Aust 1988; 148:233-6.

168. Fairbank JCT, Couper J, Davies JB, O'Brien JP. The Oswestry Low Back Pain 
Index. Physiotherapy 1980:66:271-273.

169. Mains F, Waalen J, Mior S. Psychometric properties of the Neck Disability Index. J 
Manip Physiol Therap 1998;21:75-80.

170. Riddle DL, Stratford PW. Use of generic versus region-specific status measures 
on patients with cervical spine disorders: a comparison study. Phys Therap 
1998;78:951-963.

92



171. Binkley J. Measurement of functional status, progress and outcome in orthopedic 
clinical practice. Orthop Div Res1998; Fall:7-17.

172. Vernon HT, Piccininni J, Kopansky-Giles D, Hagino C, Fuligni S. Chiropractic 
rehabilitation of spinal pain: principles, practice and outcomes data. J Can Chirop 
Assoc 1995;39:147-153.

173. Giles LGF, Muller R. Chronic spinal pain syndromes: a clinical pilot trial 
complaring acupuncture, a non-steroidal anti-inflammatory drug and spinal 
manipulation. J Manip Physiol Therap 1999;22:376-381.

174. Salen BA, Spangfort EV, Nygren AL, Nordemar P. The Disability Rating Index: an 
instrument for the assessment of disability in clinical settings. J Clin Epidemiol 
1994:47:1423-1434.

175. Leak AM, Cooper J, Dyer S, Williams KA, Turner-Stokes L, Frank AO. The 
Northwick Park Neck Pain Questionnaire: devised to measure neck pain and disability. 
J Rheumatol 1994:33:469-474.

176. Jordan A, Manniche C, Mosdal C, Hindsberger C. The Copenhagen Neck 
Functional Disability Index: a study of reliability and validity. J Manip Physiol Therap 
1998:21:520-527.

177. Jacobson GP, Ramadan NM, Aggarwal SK, Newman CW. The Henry Ford 
Hospital headache Disability Inventory (HDI). Neurology 1994:44:837-842.

178. Von Korff M, Stewart WF, Lipton RB. Assessing headache severity. Neurology 
1994;44:S40-S46.

179. Holroyd KA, Malinoski P, Davis MK, Lipchik GL. The three dimensions of 
headache impact: pain, disability and affective distress. Pain 1999:83:571-578.

180. Jacobson GP, Newman CW. The development of the Dizziness Handicap 
Inventory. Arch Otolaryngol Head Neck Surg 1990; 116:424-427.

181. Blanchard EB, Andrassik F. Management of Chronic Headaches: A Psychological 
Approach. Pergammon Press: New York, NY; 1985:pp 44-53.

182. Pryse-Phillips WEM, Dodick DW, Edmeads JG, Gawel MJ, Nelson RF, Purdy RA, 
Robinson G, Stirling D, Worthington I. Guidelines for the non-pharmacologic 
management of migraine in clinical practice. Can Med Assoc J 1998; 159:47-54.

183. Jadad AR, McQuay HJ. Meta-analyses to evaluate analgesic interventions: a 
systematic qualitative review of their methodology. J Clin Epidemiol 1996;49:235-43.

93



184. Bogaards MC, ter Kuile MM. Treatment of recurrent tension headache: a 
meta-analytic review. Clin J Pain 1994; 10:174-90.

185. Haddock CK, Rowan AB, Andrasik F, Wilson PG, Talcott GW, Stein RJ. 
Home-based behavioral treatments for chronic benign headache: a meta-analysis of 
controlled trials. Cephalalgia 1997;17:113-8.

186. Whitmarsh T. Evidence in complementary and alternative therapies: lessons form 
clinical trials of homeopathy in headache. J Alt Comp Med 1997;3:307-10.

187. Penzien DB, Rains JC, Holroyd KA. A review of alternative behavioral treatments 
for headache. Mississippi Psychol 1992; 17:8-9.

188. Penzien DB, Holroyd KA. The behavioral treatment of migraine: a meta-analytic 
review of the literature. Diss Abs Int 1987;47(DA8629941)

189. Eisenberg DM, Kessler RC, Foster C, Norlock FE, Clakins DR, and Delbanco TL. 
Unconventional medicine in the United States. N Engl J Med 1993;328-46.

94



190. Coulter ID, Hurwitz EL, Adams AH, et al. The Appropriateness of 
Manipulation and Mobilization of the Cervical Spine. Santa Monica, CA: RAND; 
1996.

191. van Tulder MW, Koes BW, Bouter LM. Conservative treatment of acute and 
chronic nonspecific low back pain. Spine 1997;22:2128-56.

192. Bove G, Nilsson N. Spinal manipulation in the treatment of episodic 
tension-type headache: a randomized controlled trial. J Amer Med Assoc 
1998;280:1576-9.

193. Hoyt WH, Shaffer F, Bard DA, Benesler JS, Blankenhorn GD, Gray JH, 
Hartman WT, Hughes LC. Osteopathic manipulation in the treatment of muscle 
contraction headache. J Amer Osteop Assoc 1979;78:322-5.

194. Boline PD, Kassak K, Bronfort G, Nelson C, Anderson AV. Spinal 
manipulation vs amitriptyline for the treatment of chronic tension-type headache: 
a randomized clinical trial. J Manip Physiol Therap 1995;18:148-54.

195. Nilsson N. A randomized controlled trial of the effect of spinal manipulation 
in the treatment of cervicogenic headache. J Manip Physiol Therap 
1995:18:435-40.

196. Nilsson N, Christensen HW, Hartvigsen J. The effect of spinal manipulation 
in the treatment of cervicogenic headache. J Manip Physiol Therap 
1997:20:326-30.

197. Carlsson J, Wedel.A, Carlsson GE, Blomstrand C. Tension headache and 
signs and symptoms of craniomandibular disorders treated with acupuncture or 
physiotherapy. Pain Clin 1990:3:229-38.

198. Jay GW, Brunson J, Branson SJ. The effectiveness of physical therapy in 
the treatment of chronic daily headaches. Headache 1989;29:156-62.

199. Marcus DA, Scharff L, Turk DC. Non-pharmacological management of 
headaches during pregnancy. Psychosom Med 1995;57:527-35.

200. Sandoz R. Some physical mechanisms and effects of spinal adjustments. 
Ann Swiss Chiro Assoc 1976;6:91-141.

201. Vemon HT, Dhami MSI, Howley TP, Annett R. Spinal manipulation and 
beta-endorphin: a study of the effect of a spinal manipulation on plasma beta- 
endorphin levels in normal males. J Manip Physiol Ther 1986;9:115-123.



96

202. Triano JJ, McGregor M, Hondras MA, Brennan PC. Manipulative therapy 
versus education programs in chronic low back pain. 
Spine. 1995 Apr 15;20(8):948-55.

96



97

Appendix 1

RELATED PUBLICATIONS! 

1982 - 2002

97



Published Papers for this Thesis

1 • Vernon H. Costoclavicular syndrome. The role of plethysmography in chiropractic 
diagnosis and management. J Manip Physiol Therap 1982; 5:17-20.

2. Vernon H. Chiropractic manipulative therapy in the treatment of headache: a 
retrospective and prospective study. J Manip Physiol Therap 1982; 5:109-112.

3. Vernon H. Vertebrogenic Migraine. 1st Annual Conference on Literature Reviews in 
Chiropractic Palmer-West College of Chiropractic, 1984. (Not included)

4. Terret A, Vernon H. Manipulation and pain tolerance. A controlled study of the effect of 
spinal manipulation on paraspinal cutaneous pain tolerance levels. Amer J of Phys Med 
1984;63:217-25.

5. Vernon H. Dhami I. Vertebrogenic migraine. J. Can Chiro Assoc 1985; 29(1):20-24.

6. Vernon H. Dhami I. Howley T. Annett R. Effect of spinal manipulation on plasma 
beta-endorphin levels. J Manip PhysTher. 1986; 9(2): 115-123.

7. Vernon HT. Spinal manipulation and headaches of cervical origin. J. Manip Physiol 
Therap. In Press-1989.

8. Vernon HT. Pressure pain threshold and manipulation - a single case study. J Can Chiro 
Assoc Dec. 1988.

9. Vernon HT. Aker P, Burns S. Pressure pain threshold evaluation of the effect of spinal
manipulation in the treatment of chronic neck pain - a pilot study. J Manip Physiol Therap. 
1990; 13(1)13-17.

10. Taylor P, Tole G. Vernon H. Skin rolling as an indicator of spinal joint dysfunction. J Can 
Chiro Assoc. 1990; 34(2):82-86.

11. Vernon H and Gitelman R. Pressure algometry and tissue compliance measures in the 
treatment of chronic headache by spinal manipulation: a single case/single treatment 
report. J Can Chiro Assoc 1990; 34(3):141-144.

12. Vernon HT. Spinal manipulation and headache: a review of literature and case 
presentations. J Manual Medicine, 1991.

13. Vernon H and Mior S. Neck Disability Index: A study of reliability and validity. 
J Manip Physiol Therap 1991; 14(7).

14. Vernon HT. Steiman I, Hagino C. Cervicogenic dysfunction in muscle
contraction and migraine headaches. J Manip Physiol Therap 1992; 15(7):418- 
429.

15. Vernon HT. Aker P, Battershill D, Alepin A, PennerT, Aramenko M. Evaluation 
of neck muscle strength with a modified sphygmomanometer dynamometer: 
reliability and validity. J Manip Physiol Therap 1992; 15(6):343-349.

16. Hu JW, Yu X-M, Vernon HT, Sessle BJ. Excitatory effects on neck and jaw
muscle activity of inflammatory irritant applied to cervical paraspinal tissues. Pain, 1993; 
55:243-250.



17. Yu X-M, Hu JW, Vernon H and Sessle BJ. Effects of inflammatory irritant
application to the rat TMJ on jaw and neck muscle activity. Pain, 1995; 60:143

18. Yu X-M, Sessle BJ, Vernon H. Hu JW. Administration of opiate antagonist 
naloxone induces recurrence of increased jaw muscle activities related to 
inflammatory irritant application to rat TMJ region. J. Neurophysiology. 1994; 
72;1430-1433.

19. Hu JW, Yu X-M, Sunakawa M, Chiang CY, Haas DA, Kwan CL, Tsai C-M, 
Vernon H. Sessle BJ. Electromyographic and trigeminal brainstem neuronal 
changes associated with inflammatory irritation of superficial and deep 
craniofacial tissues in rats. In: Gebhart GF, Hammond DL, Jensen TS, eds. 
Progress in Pain Research, Volume 2. Seattle, WA: IASP Press, 1994:325-336

20. Vernon HT. Spinal manipulation and headaches: an update. Top Clin Chiro 1995; 2(3): 
34-47.

21. Vernon HT. Piccininni J, Kopansky-Giles D, Hagino C, Fuligni S. Chiropractic
rehabilitation of spinal pain patients: principles, practices and outcomes. J Can Chiro 
Assoc1995;

22. Vernon HT. The effectiveness of chiropractic manipulation for headache: an 
exploration in the literature. J Manip Physiol Therap 1995; 18: 611-617.

23. Hu JW, Vernon HT. Tatourian I. Changes in neck electromyography associated with 
meningeal noxious stimulation. J Manip Physiol Therap 1995; 18: 577-581.

24. Yu X-M, Sessle BJ, Haas DJ, Izzo A. Vernon H. Hu JW. Involvement of NMDA
receptor mechanisms in the jaw EMG activity and plasma extravasation induced by 
inflammatory irritant injection into the rat TMJ region. Pain 1996; 68: 169- 178.

25. Vernon HT. The Neck Disability Index: Patient assessment and outcome 
monitoring in whiplash. J Musculoskel Pain 1996; 4: 95-104.

26. Hu JW, Tsai C-M, Bakke M, Seo K, Tambeli CH, Vernon H. Bereiter D, Sessle 
B. Deep Craniofacial Pain: involvement of trigeminal subnucleus caudalis and 
modulation. In: Jensen TS, Turner JA and Wiesenfield-Hallin Z, ed 
Proceedings of the 8th World Congress on Pain, Vol. 8., IASP Press, Seattle, 
WA, 1997.

27. Hu JW, Tatourian I, Vernon H. Opioid involvement in electromyographic (EMG) 
responses induced by injection of inflammatory irritant into deep neck tissues. 
Somatosens Mot Res 1997;13:139-146.

28. Vernon HT. McKenzie T, Djetvai K, Coutts A. Muscle strength testing of the 
neck with a manual modified sphygmomanometer dynanometer. Europ J of 
Chirop,1996;44:41-49

29. Vernon HT. Correlations among ratings of pain, disability and impairment in 
whiplash associated disorder. Pain Res Man 1997;2:207-213.

30. Vernon HT and McDermaid C. Chiropractic management of episodic tension- 
type headaches: a survey of clinical specialists. J Can Chirop Assoc 1998, 
42:209-215.



31. Vernon HT. McDermaid C, Hagino C. Systematic review of
complementary/alternative treatments for tension-type and cervicogenic 
headache. Compl Ther Med, 1999;7:142-155.

32. Vernon H and Hu J. Neuroplasticity in the Upper Cervical Spine. J 
Neuromusculoskel Sys, 1999; 7:51-64.

33. Vernon H. Assessing pain, impairment and disability in whiplash-associated 
disorder disorders. J Musculoskel Pain, 2000; 8:155-168.

34. Vernon H. Spinal manipulation in the management of tension-type, migraine and
cervicogenic headaches: The state of the evidence. Top Clin Chirop 2002;9:14-20.

BOOKS AND CHAPTERS

Editor - "Upper Cervical Syndrome - Chiropractic Management" - Williams & Wilkens 
(Pub) Dec. 1988. Chapter written - Cervicogenic Headache.

Chapter Author - "Basic science evidence for the subluxation". in: Gatterman M. ed. "The 
subluxation: Syndrome and Complex". Chicago, Mosby 1995.

Chapter Author - "Vertebrogenic headache: an update", in: Gatterman M. ed. "The 
Subluxation Syndrome and Complex". Chicago, Mosby, 1995.

Chapter Author - ACervicogenic Headache: Current Trends@. In: Gatterman, M. 
ed., Chiropractic Management of Spinal Disorders, 2nd Edition, 1999.

Editor: The Cranio-Cervical Syndrome: Mechanisms, Assessment and 
Treatment. Oxford, UK: Butterworth, Heinemann, 2001.

Chapter Author - Vernon HT. Tension-type and cervicogenic headaches: Part 
1. Clinical descriptions and methods of assessment. In: Vernon HT., ed. 
Cranio-Cervical Syndrome: Mechanisms, Assessment and Treatment. Oxford, 
UK: Butterworth, Heinemann, 1999; pp. 117-138.

Chapter Author - Vernon HT, McDermaid C, Hagino C. Tension-type and 
cervicogenic headaches: Part 2. A systematic review of complementary and 
alternative therapies. In: Vernon HT., ed. Cranio-Cervical Syndrome: 
Mechanisms, Assessment and Treatment. Oxford, UK: Butterworth, 
Heinemann, 1999; pp. 139-154.



Journal of Manipulative and Physiological Therapeutics \~J 
Volume 5   Number I   March. 1982

The Role of Plethysmography in the Chiropractic 
Management of Costoclavicular Syndromes: Review of 
Principles and Case Report

HOWARD VERNON, D.C.V

ABSTRACT
Accurate clinical assessment of the Costoclavicular 

syndrome may be difficult especially since the standard 
clinical tests may be confusing. The photoelectric ple- 
thysmogram greatly improves diagnostic and therapeutic 
decision-making, and provides an excellent outcome 
measure of treatment. A description of this syndrome

with an illustrative case history is presented. The utility 
of the plethysmogram is demonstrated as an objective 
outcome measure of chiropractic manipulative therapy 
in this case. (J Manip Physiol Ther 1982; 4:17-20)

Key words: Costoclavicular syndrome, photoelectric 
plethysmography, chiropractic manipulation.

INTRODUCTION
The Costoclavicular syndrome is probably the least 

typical and least documented variety of the thoracic 
outlet syndrome. 1 '2 A wide variety of symptoms may 
comprise this syndrome (see Table I). The patho-me- 
chanical basis for this syndrome is reduction of volume 
between the first rib (the "floor" of the space) and the 
overlying clavicle just distal to the entrance of the tho 
racic outlet (see Figure 1). Some mechanisms of this 
reduction are listed below in Table II.

Under such conditions, the brachial neurovascular 
bundle undergoes biomechanical compromise. Two 
mechanisms are involved in this process. One involves 
traction of the neurovascular bundle over the "shelf of 
the first rib. In this respect, both neck movements (es 
pecially forward flexion) and arm movements (toward 
the dependent position) will exert traction on the neu 
rovascular structures. The nerve trunks are vulnerable to 
this stress, and painless paresthesias will result, especially 
in the ulnar distribution.

The second mechanism involves compression of the 
neurovascular structures by the clavicle on the first rib. 
When the arm is pulled downward, this impingement is 
maximized. This forms the basis for the diagnostic prov 
ocation test used to identify this syndrome. Obliteration 
of the radial pulse and aggravation of brachial symptoms

1 Assistant professor and Chairman. Department of Clinical Re 
search. Canadian Memorial Chiropractic College, Toronto, Ontario.

Submit reprint requests to: Dr. Howard Vernon, Canadian Memo 
rial Chiropractic College, 1900 Bayview Avenue. Toronto, Ontario 
M4C 3E6.

Paper submitted November 3, 1981.

with the arm tractioned downwards is the diagnostic sign 
(see Figure 2).

However, as with all clinical tests used in assessing the 
thoracic outlet, the dependence on observer-based as 
sessments of the response of the radial pulse to provo 
cation predisposes to excessive false positive and false 
negative findings. This is largely because the test is an 
all-or-none finding, at least with respect to the pulse 
deficit. A slight reduction of pulse to palpation may 
either be ignored or deemed insignificant, when in fact 
this may represent significant reduction of brachial per- 
fusion. More subtle reductions may not be reproducible 
and cannot be reliably graded for any comparisons be 
cause the level at which the reproduction of symptoms 
in the arm is significant is not well established.

The use of photoelectric plethysmography2 provides 
substantial improvement in diagnostic precision in this 
type of test. Previous investigations have utilized the 
plethysmogram to focus on cervicobrachial radicular 
syndromes. These investigations showed that digital 
pulse anomalies are related to the reflex disturbances in 
radiculitis.4-5-6

This instrument provides objective, on-line continuous 
data in the form of both pulse wave amplitude measure 
ments and a graphic display of the wave form. This 
provides both quantitative and qualitative assessment of 
digital pulse response to the Costoclavicular provocation 
test.

'The VD1 Vascular Analyzer is a multi-function neurovascular 
instrument containing a digital photoelectric plethysmogram recording 
Doppler velocity detector and an electronic thermomctry. Distributed 
by the Vascular Diagnostic Instruments, Inc., 1847 Route 70, East 
Cherry Hill, NJ 08003.
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Tabto 1. Symptoms of the costoclavicular syndrome

—acroparesthesia
—dysesthesia (esp. ulnar)
—radiating pain to the arm and hand
—diffuse aching in the arm
—hypothenar weakness and atrophy
—trophic changes in the hand
—subjective temperature changes (esp. upon provocation)

•CLAVICLE 
FIRST DIB

'BRACMIAL PLEXUS 
, (ANTERIOR
^SCALENE MUSCLES | U10DLE

Figure 1. Anatomy of the costoclavicular space.

Table 2. Etiological mechanisms of the costoclavicular 
syndrome ___
Structural: Fractures of Clavicle (acute, mal-unioned) 

Anomalous Clavicles 
Anomalous First Ribs 
Hypertrophied Subclavius Muscle 
Abnormalities of the Costocoracoid Ligament

Functional (Biomechanical):
—cephalad subluxation of the first rib
—convexity of cervico-thoracic curvature
—rounded shoulders

The following study describes a subject with the cos 
toclavicular syndrome. It illustrates the usefulness of 
photoelectric plethysmography in both the selective di 
agnosis of the syndrome and as an objective outcome 
measure of treatment effect.

CASE REPORT
Mrs. B, 39, presented with acroparesthesia on the right 

of three months' duration. The complaint began after a 
session of house painting with prolonged elevation of the 
arms. These sensations presented on the radial side of 
the arm to the thumb and first finger. There was also a 
radiation of dull pain over the lateral arm to the elbow 
as well as neck pain and paresthesias. The condition was 
aggravated by lying on the right side with the arm 
elevated. There were no relieving factors. The patient 
was employed as a secretary.

The examination revealed positive findings on Adson's

maneuver on the right side; painful restriction of neck 
movements on the right, hypertonicity of the right sca 
lene muscles; cervical spinal fixations and fixation of the 
first rib. Mild hyperesthesia over the palmar side of the 
thumb and forefinger was present. All other orthopedic 
and neurological tests were unremarkable.

The pre-treatment plethysmographic findings are il 
lustrated in Figure 3 revealing the characteristic pattern 
of the costoclavicular syndrome. Treatment was aimed 
at correction of the first rib subluxation and 'scalene 
muscle hypertonicity. After 12 visits, the patient reported 
90% relief from pain and 75% relief of numbness. After

JV
Figure 2. The costoclavicular test.
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Figure 3. Typical pattern of costoclavicular compression. Pre-treat 
ment reading of subject No. 1.
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Figure 4. Clinical improvement in subject No. I related to improve 
ment in plethysmographic reading of costoclavicular ma
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Figure 5. Plethysmographic recordings of right hand of patieny. Note 
the obliteration on the costoclavicular maneuver.

1£ visits this had improved to 95% for both levels. The 
plethysmogram shows progressive improvement in the 
costoclavicular test, (see Figure 4).

DISCUSSION
The costoclavicular maneuver differs from the other 

thoracic outlet tests in that the neurovascular bundle is 
compressed with the arm in the depressed position, not

in the elevated or hyperelevated position. It follows from 
this, that individuals who suffer as a result of this syn 
drome are aggravated with the arm chronically in the 
dependent position. This is quite contrary to the typical 
aggravation of paresthesias and pain provoked in the 
elevated position in the more common scalenus anticus 
or hyperabduction syndromes.

The clinician must therefore be aware of the following 
pattern of pulse deficit upon palpation which is a char 
acteristic of this syndrome alone:

neutral measurement
1 

elevation of arm
A

maximal depression of
arm 

(costoclav. maneuver)

mildly weakened pulse
A 

increased pulse
A

pulse reduced or obliterated

The plethysmographic record of this finding is illus 
trated in Figure 5 where the Adson's and hyperabduction 
maneuvers are elevated with the costoclavicular maneu 
ver showing reduction.

Manipulative therapy may play a pivotal role in the 
management of this syndrome. The cephalad, or "bucket 
handle-up" type (3) subluxation of the first rib is a 
relatively common finding which responds well to spe 
cific manipulative correction. If present, the cervico-tho- 
racic curvature can be reduced by exercise and manip 
ulative therapy. Specific exercises to be used are scapular 
retraction (to strengthen the rhomboids) and scapular 
elevation (to strengthen the suspensory muscles). Stretch 
ing the pectoral group and shoulder rolling exercises help 
to improve regional flexibility. Thoracic extension exer 
cises may help with the rounded shoulders.

Excellent clinical results were obtained in the case 
described above. Most importantly, though, the objective 
evidence of improvements in the thoracic outlet tests is 
demonstrated by the photoelectric plethysmogram.

CONCLUSION
Unless there is complete obliteration of the radial 

pulse, the clinical (subjective) interpretation of thoracic 
outlet testing may be confusing and inaccurate.

Photoelectric plethysmography greatly improves di 
agnostic and therapeutic decision-making. The costo 
clavicular syndrome, specifically, is described, and an 
illustrative case history is presented. The usefulness of 
photoelectric plethysmography in demonstrating objec 
tively the effect of manipulative therapy on this syn 
drome is thus described.
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Chiropractic Manipulative Therapy in the Treatment of 
Headaches: A Retrospective and Prospective Study

HOWARD VERNON, D.C.'

ABSTRACT
The treatment of benign, chronic, headache by chiro 

practic manipulative therapy is investigated in this study. 
Thirty three subjects were assessed, 15 retrospectively 
and 18 prospectively. The treatment outcomes used in 
the study included frequency, duration, severity and 
treatment satisfaction. These outcomes were assessed by

questionnaire. The results indicated statistically signif 
icant outcomes in at least nine treatments. The possible 
mechanisms of action of manipulative therapy are dis 
cussed. (J Manipulative Physiol Ther 1982; 5:109-112)

Key indexing terms: manipulation, chiropractic, head 
aches.

INTRODUCTION
The role of chiropractic manipulative therapy (CMT) 

in relieving headaches has long been proclaimed by 
proponents.1"* Many case reports and review papers have 
empirically documented such therapeutic successes. The 
results of these case reports can be generalized to a large 
patient base that have been successfully treated by chi 
ropractors, without documentation.

Retrospectively, multiple-case studies have docu 
mented similar effects of manipulative therapy in larger 
patient groups than this present study. Wight3 reported 
74.7% overall improvement in a. sample of 87 migraine 
subjects. Rose (6) reported 62.5% improvement in 17 
patients. Parker,7 in a controlled clinical trial, demon 
strated 28% improvement in migraine; however, he failed 
to demonstrate significant differences between the chi 
ropractic manipulative and control groups. While that 
study created much controversy, it is by no means the 
final word on the role of manipulative therapy and 
headaches. In fact, it is barely an appropriate beginning 
in this area of research- 

To this end, a prospective cohort study is presently 
underway at the outpatient clinic of the Canadian Me 
morial Chiropractic College (C.M.C.C.). In order to 
substantiate a baseline of treatment outcomes and to test 
both the data-gathering instruments and the framework 
of statistical analysis for that study, a combined retro 
spective/prospective study of the effects of CMT was

* Chairman, Department of Clinical Research, Canadian Memorial 
Chiropractic College.

Submit reprint requests to: Dr. Howard Vernon, Canadian Memo 
rial Chiropractic College, 1900 Bayview Avenue, Toronto, Ontario 
M4G3E6.

Paper submitted March I, 1982; in revised form May 8, 1982.

undertaken on intern-treated patients. The results of that 
preliminary study are presented in this paper.

MATERIALS AND METHODS
Two groups of subjects were assessed. The first group 

was selected in an unbiased fashion from available files 
in the C.M.C.C. Clinic during the period of September 
to December, 1980. A headache questionnaire was de 
vised, with emphasis on quantitative data, which was 
mailed to the study group. All subjects had completed 
treatment and so were asked to report on both the pre- 
and post-treatment status of their complaint. Out of 25 
subjects selected, 15 responded sufficiently to be included 
in the study.

The second group was selected prospectively from 
concurrent cases in the clinic after being fully informed 
of the nature of this study. Patients were selected on the 
basis of complaint alone, not by specific diagnostic cat 
egory (such as migraine or cervicogenic cephalgia). Pre- 
treatment diagnostic assessment was completed prior to 
the commencement of therapy. A fixed time-frame of 
nine visits was chosen in which to evaluate the outcomes 
of treatment, after which post-treatment assessment was 
conducted using the same questionnaire as mentioned 
above. The treatment program consisted of the standard 
regimen of chiropractic manipulative therapeutics with 
emphasis on specific spinal adjustment. Of 35 cases so 
chosen, 18 were complete enough for inclusion in the 
study. Of the 17 subjects not included, eight reported for 
less than nine visits before discharge; four produced 
incomplete or confusing forms, and three did not actually 
initiate their therapy for non-clinical reasons.

The relevant dependent variables and their indices of 
measurement are shown in Table I. The results were

0161-4754/82/0301-0109 $01.00/0 © 1982 National College of Chiropractic
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TABLE 1. Headache dependent-variables and their indices
Frequency

Number/months
Duration Severity

Time in hours Scale ot 1 -5

TABLE 2. Chiropractic treatment satisfaction scores

Effectiveness/Cases
Strongly Disagree 1 
Disagree 2 
Neutral 3 
Agree 4 
Strongly Agree 5

Benefit/ 
Amount Repeat/Cases
25% 1 Strongly Disagree 1 
50% 2 Disagree 2 
75% 3 Neutral 3 
90% 4 Agree 4 

1 00% 5 Strongly Agree 5

sig. P. < .01 _____________________.
I- 3.01 df - 13

Figure 1. The retrospective study group comparison of the mean 
values of the dependent variables before and after treatment. 
The average subject in this study suffered frequent, long and 
intense headaches prior to treatment. Significant improve 
ment was demonstrated following chiropractic manipulative 
therapy.

subjected to the student's t-test for dependent measures 
with 95% confidence limits.

RESULTS
The retrospectively assessed group consisted of 15 

subjects, 14 female and one male. The mean age was 
34.2 years. The mean duration of complaint was seven 
years. The mean number of treatments was 12.08 ±4.1. 
The mean values of the dependent variables at pre- and 
post-treatment assessments are shown in Figure 1. All 
values decreased significantly to the 99% confidence 
limit. The satisfaction score was compiled from three 
subjective questions, as shown hi Figure 1: (1) was 
chiropractic effective in relieving your headache,? (2) 
what percentage of benefit do you feel you received,? 
and (3) looking back, would you choose chiropractic if 
you had it to do over again? The maximum score was 
15. The mean score in the sample was 12.5. No significant 
correlation existed between the length of time (as a 
function of the number of treatments) and the extent of 
relief as measured by any of the variables.

The prospective study consisted of 18 subjects, lj 
females and five males. The mean age was 30.68 ± gj 
years. The mean duration of the complaint was 9.8 yean 
The raw scores for each subject are shown in Table 3 
The mean scores of the dependent variables are com 
pared before and after nine treatments in Figures | 
through 4. The t-values are shown for each variablj 
indicating a statistically significant difference (p < .OQJ 
between each of these scores. The F values for frequend 
and duration are 10.18 and 13.46 respectively, which j 
statistically significant (df = 15, p < .01) and indicats 
greatly unproved consistency in the post-treatment scora 
for these variables. The mean satisfaction score for thj 
group was 12.79, which corresponds with a 90% level a 
improvement.

Finally, Table 4 demonstrates the incidence of foil 
autonomic symptoms which occurred in the samples an 
their response to treatment. This response is also statii 
tically significant (x2 = 15.69, 3df, p < .01).

TABLE 3. Prospective subject data

Case
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

Age
20
20
39
22
35
37
31
26
23
47
26
30
41
24
45
25
45
23

Sex
F
F
F
F
F
M
M
F
F
M
F
F
F
F
F
F
M
M

Dura 
tion 
(yrs)
3
1.5

20
12
10
21

.6
10
6

10
3

10
12
8

30
6
2
1

Fre 
quency 
(n/mos)

Pre
16
20

5
8
5
1

30
4

12
20

2
15

2
30
20
12
10

5

Post
0
4
0
2
2
5
0
1
3
4
0

12
0
2
3
4
0
2

Duration 
(hrs)

Pre
4
3

12
12
48
24
18
48
12

4
2
8

18
6
6
3
2
4

Post
0

.5
0
2

12
6
O

12
5
3
0
2
0
3
5
2
0

.5

Severity 
(1-5)

Pre
4
3
3
2
4
4
2
5
5
4
2
4
4
4
3
3.5
4
3 •

Pol
0
2
1
1
4
2
0
1
4
3
0
1
0
2
3
1 ;
Oi
1 !

12-

10- 

8- 

8- 

4 

2 -

PRE POST

Figure 2. Comparison of mean scores of headache fri 
Mos).
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Figure 3. Comparison of mean scores of headache duration.

PRE POST

1 7 a siQ- p. < .001

Figure 4. Comparison of mean values of headache severity.

TABLE 4. Response of autonomic symptomatology to CMT in 
the prospective group.

Number of Subjects 
<Pre)

Nausea 
Dizziness 
Tinnitus 
Aura 
Total

'3dfX2 = 11.34p«

7 
9 
2 

_4 
22

C.01

Number of Subjects Relieved 
(Post)*
7 (1OO%) 
8 (88.9%) 
1 (50%) 

_2 (50%) 
18

DISCUSSION
The role of somatic tissues and the mode of action of 

CMT in adult benign headache is still without precise 
definition. Early distinctions between muscle contraction 
and migraine headache types are now being contested. 
Similarities have now been documented between the two 
types of headaches with respect to psychogenesis,8 auto 
nomic dysfunction,9"11 and most surprisingly, the bio 
chemistry involved in active headache states.12 As a 
result, somatic dysfunction may come to play an increas 
ingly important role in headache management.

Manipulative therapists have alluded to numerous 
components of somatic dysfunction in headache condi 
tions. Among these are: 
1, Vertebral Subluxation (joint dysfunction)

Ligamentous headache is aggravated on anteflexion

of the head causing sub-occipital muscle spasm with 
local, radiating and referred cranial pain. 1

2. Regional Myofasciitis
Hypertonicity and trigger points in the suspensory 

muscles (trapezius, levator scapula and sternomas- 
toid) and the long occipital extensors frequently refer 
pain to the cranium and may be associated with 
secondary symptoms, especially nausea."

3. Combined Somatic Effects
Joint pain and muscle spasm may disturb reflex 

connections via the spinal tract of the trigeminal 
nerve, causing referred cranio-facial pain and hyper- 
tonicity of the temporalis and masseter muscles."-15 
Trapezius hypertonicity has been implicated in en- 
trapments of the greater occipital nerve, causing re 
ferred occipital and temporal pain. 16 The temporo- 
mandibular joint syndrome is also well known to 
involve headache.21

4. Vertebrogenic Autonomic Dysfunction
This clinical and pathophysiological complex has 

been described by many authors from many different 
prespectives. Traditional thought has implicated the 
role of trauma to the cervical spine resulting in rela 
tively direct mechanical irritation of the posterior 
cervical sympathetic system and resultant autonomic 
dysfunction (cervical syndrome of Barre-Lieou). Re 
cent scientific discussion has focused on the interac 
tion between somato-spinal dysfunction, or interver- 
tebral subluxation, and the autonomic nervous system 
through the somato-autonomic reflexes. 17"20 Facilita 
tion of the lateral horn cells of the spinal cord results 
in a central excitatory state. The resultant excess 
sympathetic discharge may result in protean manifes 
tations of distal symptomatology. Most recently, ra- 
dioisotope studies of monosynaptic connections of 
neurons in the primate have demonstrated direct con 
nections to the medial vestibular nuclei, hypoglossal 
nuclei, facial nuclei, reticular formation and lateral 
cuneatus nucleus. The possible ramifications of direct 
induction of autonomic dysfunction in the CNS are 
again protean.22

The results of the retrospective study show a statisti 
cally significant therapeutic effect on adult benign head 
aches in an acceptable time-frame of treatment (average 
= 12 visits). It does not, however, identify when manip 
ulation produces its positive effect, only that it is notice 
able after 12 visits. Nor is it possible to relate the 
treatment causally to the results; since no control group 
was used, although the results of the study should not 
have arisen randomly.

In the prospective study, these conclusions are 
strengthened. Since the data is collected before treatment 
begins, a reliable baseline is established against which 
statistical inferences can be made. Also, the fixed time-
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frame allows us to assess the treatment effect in a more 
controlled fashion. The similarly excellent results of this 
part of the study, therefore, greatly reinforce the conclu 
sion that CMT is efficacious in the management of adult 
benign headaches. It is well worth mentioning that no 
side effects or worsening was reported by any of the 
subjects.

An interesting finding which relates to the previous 
discussion on vertebrogenic autonomic dysfunction is 
the extent to which autonomic symptoms prevail in the 
prospective sample (30.2%) and the extent to which they 
were relieved by manipulation as shown in Table 4. This 
lends credence to the hypothesis that CMT has a positive 
therapeutic impact through modulation in the autonomic 
nervous system. Also, it indicates that headache patients 
with demonstrable cervical-spine dysfunction, associated 
nausea and dizziness, have a good prognosis under CMT.

The cohort study, presently underway, will expand on 
this report by establishing more specific diagnostic cate 
gorization and by exploring the effect of treatment in a 
more controlled setting and with more objective outcome 
measures.

CONCLUSIONS
Two separate groups of headache sufferers were as 

sessed in an uncontrolled study of the outcome of treat 
ment under chiropractic manipulative therapy. One 
study utilized a retrospective approach; while the other 
prospectively assessed subjective improvement. This cor 
roborates previous anecdotal and clinical studies and 
indicates the need for further controlled studies in this 
area.
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MANIPULATION AND PAIN TOLERANCE 1

A CONTROLLED STUDY OF THE EFFECT OF SPINAL MANIPULATION ON 

PARASPINAL CUTANEOUS PAIN TOLERANCE LEVELS

ALLEN C. J. TERRETT, D.Ac. (ACM), DIP. APP.SC. (Hum. Biol.), B. APP. 
Sc. (CHIR)*, AND HOWARD VERNON, B.A. (Hons), D.C., F.C.C.S. (C)3

INTRODUCTION

The topic of the relief of spinal pain by manipulation has received much 
attention lately (1, 2, 3). The weight of empirical evidence of the clinical 
success of chiropractic manipulative therapy has forced a new scientific focus 
on this issue. Gitelman (4) provided an excellent review of the issue both from 
an historical and scientific viewpoint. He crystallized the current hypotheses 
concerning the mode of action of manipulation, emphasizing those mechanisms 
which have come to be called impulse and non-impulse based. Denslow (5, 6) 
promulgated the concept of central facilitation as an explanation for pain 
propagation at the spinal segmental level. Korr (7-9) promoted the importance 
of sensory feedback from the muscle spindles in the maintenance of central 
facilitation. Haldeman (10) has reviewed these concepts and emphasizes the 
role of the interneuronal pools in pain propagation. Will (11) proposed a multi- 
faceted approach towards understanding the mechanisms of spinal manipula 
tion in the relief of pain, integrating most of the known neurological and 
biochemical mechanisms. Numerous clinical trials have demonstrated relief of 
spinal pain by manipulation. Manipulation has produced relief in low back 
pain (12-17), neck pain (18) and headache (19).

Little attention has, however, been paid to the effect of manipulation on 
experimental pain. Glover (20) studied a phenomenon of hyperaesthesia as 
sociated with spinal lesions in low back pain sufferers. He found a zone of 
increased sensitivity to pin prick lateral to the facet joint of the painful 
segment. He postulated that this reflected a lowered cutaneous threshold of 
exci f ation which he proposed was due to facilitation of cutaneous pain reflexes 
by nociceptive inputs from the joint receptors. He found this phenomenon 
disappeared after rotational manipulation to the lesioned segment. However, 
no quantitation of the lowered pain threshold was attempted, nor was the pain 
induced experimentally.

With regard to the effect of other conservative therapies, Francini etai (21) 
demonstrated a normalization of pain thresholds and H-reflex responses in

1 From the Research Department, Canadian Memorial Chiropractic College, Toronto, Ontario 

Canada.
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! Phillip Institute of Technology, School of Chiropractic, Bundoora, Victoria 3083, Australia. 
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was rejected from further study. Of 53 subjects tested, 50 evidenced at least 
one zone of maximal pain, so that this became the test site.

The applicator was then set to zero and applied over the skin at the localized 
segment, 1" lateral to the spinous process. The current was then increased at 
the rate of 0.2 mA per second. The subject was instructed to indicate the point 
at which the first painful sensation was perceived (threshold) and then the 
point of maximal pain which would elicit an aversive response (tolerance) 
(32). These levels were recorded by an observer who was independent of the 
measuring and the subsequent procedures.

After determining the threshold and tolerance levels, the investigator placed 
both thumbs over the paraspinal tissues bilaterally and produced a posterior- 
anterior joint springing action, starting from Tl down to T10. This is a passive 
joint play manoeuvre which stresses the motion segment into the zone of "end- 
feel" at which point a slight and further springing pressure is applied (see fig. 
1). This served as the control procedure and as a localizing procedure for the 
manipulation (as determined by resistance to joint springing). Half of the 
subjects were randomly chosen for a further manipulative procedure at the 
test site vertebral level consisting of direct thrust/pisiform contact manipula 
tion (cross bilateral of States (24) (see fig. 2). The manipulation was delivered 
on the side of the greatest resistance, not necessarily (but mostly) on the side 
of the zone of increased pain. This was done in order to remain consistent 
with the clinical imperative of directing a manipulation to the hypomobile 
aspect of the motion segment. All of the subjects were told that they would

Frc. 1. The bilateral postero-anterior joint springing maneuvre (see text).
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unilateral leg pain syndromes by the application of TENS. Malow (22) showed 
an increase in pain threshold in the facial area after successful conservative 
treatment of temporomandibular and facial pain syndromes. Laitinen (23) 
reported on a case of inhibition of cutaneous nociception by a deep myofascial 
pain syndrome. While this latter case seems to contradict the phenomenon of 
lowered pain thresholds associated with somatic lesions, all of the above 
examples demonstrate that inter-relationships do exist between somatic affer 
ent inputs and cutaneous pain thresholds.

The purpose of this study is to assess the response of paraspinal cutaneous 
pain tolerance measurements to spinal manipulation. Specifically, the hypoth 
esis investigated is that local paraspinal pain tolerance will increase following 
manipulation.

METHODS AND MATERIALS

In order to proceed with such a study, a model of experimental pain induction 
had to be constructed. Typical pain study models involve three components: 
1) a target tissue; 2) a method of pain induction with an interval scale of 
measurement; and 3) a treatment modality which acts as an independent 
variable on every subject. The model chosen for our study was an amplification 
of that which was used in Glover's study. It involved: 1) the paraspinal 
cutaneous tissue; 2) electrical induction of pain; and 3) spinal manipulation.

Fifty male Caucasian subjects were studied after informed consent had been 
obtained. All subjects were undergraduate students at a chiropractic college. 
The mean age of the subjects was 28.6 years. All subjects were without any 
spinal pain at the time of the study. The electrical pain induction was achieved 
with a Siemens Neurotron Stimulator. This instrument delivered a constant 
current of 110 volts at 60 Hz. The unipolar technique was used with the 
cathode as the active electrode. The dispersive electrode was placed on the 
calf.

The current was applied by a large ball-point applicator and was measured 
in milliamps with an operative range from 0.2 mA to approximately 5.0 mA. 
Previous assessment had determined that 0.4 mA produced a definite sense of 
discomfort in most subjects. This level was used as the initial stimulus for the 
detection of c.reas of heightened pain sensitivity. The ball-point surface did 
not provide sufficient surface contact to elicit muscle stimulation, so that the 
primary component of the stimulus was sensory stimulation of the skin.

After resting prone in a quiet room for 10 minutes, each subject was tested 
according to the following protocol. The initial 0.4 mA stimulus was applied 
approximately 1" lateral to the spinous processes proceeding from the first to 
the tenth dorsal segments on the right. The applicator was drawn slowly over 
the skin at an approximate rate of 2 segments per second. This was repeated 
on the left. The subject was asked to indicate whether and where there was a 
zone of most intense pain. When present, this was localized with a grease pen 
mark. If no zone of maximal pain emerged after this procedure, the subject
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FlG. 2. The cross-bilateral spinal manipulation is a high velocity/low amplitude thrust delivered 
to a vertebra which mobilizes the functional spinal unit.

receive a manipulation. This protocol is summarized in table 1. The threshold/ 
tolerance perception procedure was then repeated at intervals of 30 seconds 
and 2, 5 and 10 minutes. The maximal tolerance levels were used as the data 
points for analysis. The mean scores of each group were compared by analysis 
of variance with 95% confidence limits.

RESULTS

The mean age of the control group was 29.2 years. The mean age of the 
experimental group was 28.1 years. The control group mean baseline value is 
1.62 ± (1.13). At 30 seconds, 2, 5 and minutes the values are 1.46 (±.93), 1.46 
(±1.02), 1.56 (±1.2) and 1.86 (±1.36). The experimental group values were 
computed by removing those of two subjects who were inordinately high 
throughout the study. Their values tended to distort the standard deviations. 
The mean baseline value was 1.37 (±76); the values at 30 seconds, 2, 5, 10 
minutes were 2.05 (±1.1), 2.43 (±2.9), 2.7 (±1.75 and 3.3 (±2.8). A comparison 
of these mean pain tolerance values is displayed in figure 3, indicating a 
statistically significant difference (p. < 0.05) between the treated and control 
groups which reached 140% by ten minutes. Further analysis of the treated 
group indicated three different kinds of response curves. These are displayed 
in figure 4.

DISCUSSION
Pain tolerance is subject to much intersubject and intrasubject variation 

(32). We attempted to reduce these sources of variation by selecting a homo-
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TABLE 1 
Pain threshold measurement procedure

Initial Isolation of 
Painful Segment

Baseline Pain 
Threshold Assessment

PA Joint Play
Bilaterally
Tl-TlO

Manipulation of 
Lesioned Segment

Outcome Threshold
Assessments 

(30 sees., 2, 5, 10 min.)

geneous population, by reducing environmental and psychological stress and 
by randomly allocating subjects to each of the study groups. All of the subjects 
were very familiar with manipulation of the dorsal spine and all subjects 
expected to receive a manipulation so that the potential Hawthorne and 
Pygmalion effects would be consistent within the whole sample.

The first finding of note is the remarkably high prevalence of at least one 
area of increased pain sensitivity in the paraspinal area in these asymptomatic 
subjects (50/53 or 94%). The literature is replete with references to similar 
findings of paraspinal tender zones, "hyperalgesic zones", areas of decreased 
galvanic skin response and areas of skin temperature difference, all of which 
have been associated with empirically demonstrable spinal joint dysfunction. 
Neumann has described a sub-clinical complex known as "silent somatic



222 TERRETT AND VERNON

5
Min

10 
Kin

FIG. 3. Comparison of the mean pain tolerance values for the experimental (manipulated) and 
the control groups (sig. p < 0.05).

dysfunction" which can be identified by tenderness upon joint pressure and 
skin rolling techniques (35). Our finding corroborates the presence of such a 
complex of findings suggesting an underlying sub-clinical facilitation of cuta 
neous sensory reflex pathways coupled with a biochemical fault in an adjacent 
spinal motion segment.

With regard to the main hypothesis, the control group mean tolerance levels 
were unchanged indicating a sustained sensitivity of the cutaneous pain 
receptors in the paraspinal area. The group receiving a spinal manipulation 
demonstrated a completely different response with a distinct and progressive 
elevation in pain tolerance. This effect is noticeable within two minutes and 
lasts for at least ten minutes.

As discussed previously, there is an emerging model of the relief of spinal 
pain by manipulation. The role of sensory input of large fiber transmission in 
modulating the activity of the pain pathways has been wel 1 documented (25- 
28). This is the reflex pathway along which both TENS (29) and acupuncture 
(30, 31) are believed to operate. Wyke purports that the impact of spinal joint 
receptor afferentation is a potent component of this pain modulation (33, 34). 
Korr and Denslow drew attention to the role of the muscle spindle afferents 
in both sustaining and abolishing segmental central facilitation depending 
upon output behaviour. They also postulated that spinal manipulation pro 
duced short-term bursts of proprioceptive sensory bombardment which could 
produce secondary effects such as gamma efferent inhibition and inhibition of 
the pain pathways. This sensory bombardment would occur as a result of 
instantaneous stretch of the articular and myofascial receptors as their elastic 
barriers were exceeded in a dynamic fashion.
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FIG. 4. Patterns of pain threshold response after spinal manipulation (n = 25). Abcisca: time 
in minutes. Ordinates: current strength of pain stimulus in milliamperes.

The results of this study indicate experimental corroboration of this hypo 
thetical model and they establish a behavioural baseline upon which studies 
seeking to identify the physiological mechanisms of manipulation can be 
predicated. As well, they indicate a high prevalence of a finding involving a 
complex of spinal biomechanical and reflex disturbances, the diagnosis of 
which may be made by an assessment of cutaneous hyperalgesia in the 
paraspinal area.

CONCLUSION

A model of experimental pain induction in the spinal area has been proposed 
and used to test the response of paraspinal pain tolerance levels to chiropractic 
manipulative therapy. A statistically significant elevation of pain tolerance 
(140%) occurred after manipulation as compared to a control group. This is 
consistent with previous hypotheses regarding the mode of action of manipu 
lation as a potent therapy in the relief of spinal pain.

SUMMARY

The response of paraspinal cutaneous pain tolerance levels to spinal manip 
ulation has not been studied in an experimental model. This paper proposes
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such a model of pain tolerance measurement and describes the results of a 
controlled study of 50 assymptomatic subjects. The group receiving a spinal 
manipulation demonstrated a 140% increase in local cutaneous pain tolerance 
levels which was statistically significant (p < 0.05). This is consistent with 
previous hypotheses regarding the mode of action of manipulation in the relief 
of spinal pain.
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In this review article, the scientific biomedical literature related 
to migraine is examined under the currently proposed etiological 
mechanisms and classifications of: (1) autonomic/vascular, (2) 
biochemical/platelets. (3) cellularlimmunologicallallergy, (4) 
psychophysiological, (5) neurogenic and (6) somatic. Conven 
tion acknowledges a confluence of these components interacting 
to produce susceptability to migraine in certain individuals. 
This paper examines the axis of interaction of the following 
components: (1) autonomic/vascular, (2) neurogenic and (3) 
somatic. Each of these models is examined separately, and then 
the concept of vertebrogenic migraine is discussed.

KEY WORDS: chiropractic, manipulation, migraine, vertebrogenic

Since the writings of Wolff,' migraine has been considered to be 
a disturbance of vascular regulation in the cerebral circulation. 
Excellent summaries of migraine characteristics and sympto 
matology have been presented recently by Theissler,2 Diamond,3 
Graham,'* and Coheri. 5 As well, the epidemiological character 
istics that prevail in our past and present cultures have been 
described. >7 '8-9 A number of proposed etiological mecha 
nisms have been previously reported in the literature. The 
following categories hopefully suffice to organize these etio 
logical classifications: (see references)

autonomic/vascular1<M6
biochemical/platelets17"23
cellular/immunological/allergy24
psychophysioldgical25'26
neurogenic51"53

6 somatic27""*2

It is more widely accepted that migraine is really a confluence 
of a number of these components interacting to produce 
susceptibility, symptomatology and progressive pathogenesis 
in specific individuals.

Of considerable interest to this paper is the axis of interaction 
of the following components: autonomic/vascuiar-neurogenic- 
somatic. Each of these etiological models will be examined 
separately; then a synthesis of these models will be proffered 
under the rubric of "vertebrogenic migraine"42 - 10

Autonomic/vascular model: There can be no ignoring the role of 
altered blood flow in all stages of the migraine attack. Wolff first 
proposed a two-stage model which involved vasoconstriction 
and then vasodilation of the intracerebral and extracerebral 
vasculature, respectively. Wolff and Tunis43 proposed a three- 
stage model which involved vasoconstriction, cerebral ischemia

Dans cet article de synthese, les auteurs ont examine la 
litterature scientifique biomedicale relative a la migraine, dans 
le contexts des classifications et mechanisms ttiologiques 
actuellement proposes de: (1) autonomielvasculaire, (2) bio- 
chimique/plaquettes , (3) cellulairetimmunologiquelallergic, 
(4) psychophysiologique, (5) neurogenique e,t (6) somatique. 
Les conventions acceptent une confluence de ces composants 
dans une interraction pour produire une susceptibility A la 
migraine chez certains individus. Les auteurs de cet article 
examinent I'axe d'interraction des composants suivants: (I) 
autonomielvasculaire, (2) neurogenique et (3) somatique. 
Chacun de ces modeles est examine separement, et on discute 
ensuite le concept de migraine vertebrogenique.

MOTS-CLEFS: Chiropratique, manipulation, migraine, vertebro- 
gdnique.

and then vasodilation. Heyck44 proposed a shunt-theory where 
by arterio-venous shunts opened up as a consequence of 
alterations in arteriovenous oxygen concentrations. O'Brien45 
using Xe inhalation techniques, showed regional variations in 
cerebral blood flow (GBF) in a migraine attack. Skinjoj46 using 
intracarotid injections of xenon, demonstrated a decreased CBF 
in the aura stage and an increased CBF in the headache phase. 
He also demonstrated a decrease of bicarbonate and an increase 
of lactate during the headache phase which lead him to postulate 
that the headache was due to a lactic acidqsis from the initial 
cerebral ischemia (produced by anaerobic metabolism) which 
lead to a reactive hyperemia.

Feuerstein47 has recently shown that the temporal artery 
undergoes dilation upon stress induction, and he has proposed a 
four-stage model of vascular instability in the genesis of a 
migraine attack. He postulates a sequence starting with vaso- 
dilation-leading to vascular instability-leading to vasoconstric- 
tion-leading to the final vasodilation of the headache phase. This 
sequence has been found to begin four days prior to the 
headache.

Oleson48 on the other hand, questions the vascular model. 
His studies of intracarotid injections of xenon, showed:

1 a diminution of CBF in the occipitoparietal region which 
spreads forward and may ultimately effect the entire hemis 
phere.

2 oligemia was the only blood flow abnormality found during 
the headache.

3 the oligemia was not sufficient to cause ischemic symptoms 
which, therefore, could not be due to vasospasm.

4 He suggests that symptoms may arise from the cerebral 
parenchyma.



Additional evidence for the role of the autonomic nervous 
stem is that migraineurs tend to be "sympathicotonic" and 
id to maladapt to stress.49 -50 This tendency may lead to the 
tial vasoconstrictive activity. Similarities of migraine prodro- 
d symptoms to those involved in autonomic dysfunction 
tes associated with trauma to the cervical spine31 '32 '35 ' 36 also 
ggests a strong casual relationship between the symptoms of 
graine and events created by autonomic dysfunction. In fact, 
chin and Van der Dijs 13 have postulated a "new hypothesis" 
  headache centered on "autonomic nervous system im- 
lance, triggered by many etiological factors". 
Aside from the experimental evidence of Oleson,48 there are 
/eral problems with the vascular model that have yet to be 
plained:

Temporal artery dilation can occur without headache (as in
fevers).
Why should this process occur only unilaterally, as is most
typical with migraines?
The opposite temporal artery is often dilated without pain or
headache on that side.
Common migraine appears without aura, and therefore,
possibly without vasoconstriction.
Vasodilation can be achieved via biochemical stimulation
(specifically, via serotonin and histamine release) as a
separate phenomenon, unrelated to direct autonomic control.

wrogenic model: Oleson's work adds evidence to the proposal 
at the migraine cascade is'essentially a neuronal event. In 
rticular, the timing of the spreading oh'gemia is similar to that
Leao's spreading depression or depolarization wave. 5 The 

ost important work in the development of the neuronal model 
that of Lance et al, 52 Bates et al,53 and De La Torre. 54 This 
Drk involves the experimental delineation of a neuronal center 
the locus ceruleus - as the source of neural control of the 
igraine cascade. Their work on cats and monkeys has shown 
at low frequency stimulation of the locus ceruleus produces 
soconstriction of the internal cerebral vasculature; and in- 
sasing frequencies of stimulation produce vasodilation of the 
ternal carotid artery and its branches. These changes are 
edominantly ipsilateral. The vasoconstriction was presumed
be effected by noradrenaline, since "the locus ceruleus is 

town to project to the cerebral cortex via noradrenergic 
>res". 52 The vasodilation was found to be mediated by the 
cial and greater superficial petrosal nerves "employing a 
m-cholinergic transmitter agent". This work also highlights 
z importance of the trigeminal nerve in the production of 
.sodilation of the external carotid circulation and in the 
odulation and transmission of pain in the fronto-temporal 
gion which is so typical a location for migraine headache. The

The locus ceruleus projects a noradrenergic pathway to tl 
upper cervical spinal cord which inhibits pain transmissio 
Lance hypothesizes that "an exhaustion phase", might occur 
the locus ceruleus output via the descending inhibitory pathwa 
which would then allow the trigeminal system to overi 
vascular control and pain transmission systems thus effectii 
the migraine cascade. Lance concludes that "since the loc 
ceruleus is a central analogue of the sympathetic ganglia," ai 
of the accepted migraine triggers could influence locus cerule 
activity".

The Somatic model: With respect to the somatic component 
the migraine complex, attention must be focussed on t 
cranio-cervical musculoskeletal structures and their interact 
with the spinal segmental and cranial neuromeres. The role 
the cervical spine in promoting autonomic disturbances 
well-documented. 3 '  32 - 35 - 36 This interaction is known clinical 
as the "Cervical Syndrome"36 or the "syndrome of Ban 
Lieou".35 The protean list of symptoms in this syndrome and 
others that have been documented in relation to the cervjj 
spine72 '73 '74 '76- 78 '79 bear a remarkable resemblance to those 

the migraine prodrome. In these cervical syndromes, cervii 
afferent stimulation arising from cervical joint or somai 
dysfunction creates a reflex disturbance of autonomic effere 
activity resulting in unbalanced vaso-control. Korr56 '57 ai 
Korr and Denslow58 have established both hypothetically ai 
experimentally the existance of the central facilitated segmei 
Figar,59 and Figar and Stary60 have demonstrated a disturban 
in peripheral vascular symmetry in the upper limb in associati 
with cervical radicular syndromes. They have also demonstral 
a normalization of this behavior in response to manipulation 
the cervical spine. Evidence in other areas of the spine56'37 
has shown abnormalities of skin temperature and electrical si 
resistance and pain tolerance in the response to spinal manipu 
tion. Korr,57 Haldeman,61 Vemon, 3 Neuman,64 and mi 
recently Beurger65 have proposed models of interaction betwt 
the spinal somatic structures and the spinal cord reflexes 
regard to pain transmission, efferent somatic activity a 
autonomic regulation.

The somatic dysfunctions that would pertain to migrai 
involve somato-somato reflex disturbances66 which create Iff 
paraspinal muscular hypertonicity in the distributions of I 
dorsal primary rami, local myalgic tenderness and pain,a 
joint motion disturbance or hypomobility. To this fundame» 
pattern of somatic dysfunction we may add important regM 
elements: direct mechanical aggravation of the greater a 
lesser occipital nerves,28 direct referral of pain in the craJ 
distributions of the trigeminal nerve33 '89 '67 and musfli 
hypertonicity and myalgia in the distributions of the anttf 
primary rami-specifically, the occipito-frontalis muscles.



impressive discussion of these interactions and their potential 
impact on the migraine complex has been presented by Bouquet 
et al.68 Bouquet studied trapezius muscle tone by elecromyog- 
raphy and peripheral vegetative tone by measures of blood 
pressure, heart rate and electrical skin resistance in 12 migrain- 
eurs as well as 12 subjects with post-concussional vertigo. He 
found that sympathetic tonus increases preceded the headache 
and vertigo crises and were maximal during the headache. As 
well, he found that trapezius muscle tonus increased ipsilaterally 
to the side of pain and to the side of vegetative disorder. The 
muscle tonus increases correlated with increases in vegetative 
tonus. Bouquet proposed the following model to explain the 
interaction of somatic structures and the migraine cascade: 
somatic dysfunction in the cranio-cervical area consists of 
muscular hypertonicity and joint/muscle nociception - this 
disturbed afference leads to activation of the spino-reticular 
tract which produces a central facilitation of the autonomic 
system - from a behavioral point of view this is perceived as a 
tachycardia, increased aggresivity, hypersudation, peripheral 
vasoconstriction and increased postural muscle tonus (in short, 
to the sympathecotonia of Korr) this produces an overall state of 
vascular dysregulation, an increase in post-synaptic excitation 
potentials which in the somatic motor pools create excess 
muscular activity, and, most surprisingly a destabilization of the 
central aminergic system with increased aminergic discharges. 
This would lead to a deactivation of the central pain inhibiting 
pathways and a vicious cycle of escalating dysfunction. Since 
these behavioral cortelates were found to increase in relation to 
headache behavior it is plausible to view these mechanisms as 
etiological and not just consequential.

Discussion: This leads to the proposal of a vertebrogenic model 
of migraine etiology. This model links three phenomena, 1) 
somatic dysfunction (specifically in the cervico-thoracic spine), 
2) disturbance in autonomic tone (specifically a facilitation of 
sympathetic activity leading to a potentiation of vasoconstric 
tion and a destabilization of the central aminergic system), 3) 
the migraine cascade of symptomatology as a consequence 
of vertebrogenic autonomic dysfunction-VAD.69 This model 
would operate as follows:

1 Vertebral lesions of the cranio-cervico-thoracic spine create;
2 Pain and altered afference, which creates;
3 Alteration of local segmental reflexes, which creates;
4 Central facilitation and hypersensitivity of autonomic effer 

ent pools (via post-synaptic excitation potentials), which 
creates the environment for;

5 Vasoconstriction of the posterior cerebral circulation;
6 Increases in circulating levels of catecholamines;
7 Activation of the trigeminal pain transmission pathway;

through the posterior cervical sympathetic chain;
10 Indirect cerebral vasoconstriction via stimulation from the 

locus ceruleus;
11 indirect cerebral vasoconstriction through the biochemical 

cascade initiated by increased catecholamine levels which 
destabilize platelet membranes21

At this point in the discussion, an operational description of 
this model is needed. There are two such descriptions that can be 
proffered.

A Somatic dysfunction of the C7-T4 vertebral levels causes 
joint pain and joint fixation. This leads to local segmental 
facilitation and consequently, to sustained discharges from 
the sympathetic chain. This leads to transient cerebral 
ischemia which under potentiated conditions might reach a 
threshold level sufficient to create cerebral ischemia which 
then activates the migraine cascade. Increased catechola 
mine levels would result from the subthreshold central exci 
tation and would have direct effects on platelet membranes.

B Somatic dysfunction in the upper cervical spine-CO-C2 
produces local pain and fixation. The upper cervical neuro- 
meres become facilitated reducing the inhibitory effect of the 
descending pain pathways (at least one of which arises from 
the locus ceruleus) and increasing the facilitation of the 
second order neurons in the spinal tract of the trigeminus. 
This leads to transient stimulation of the locus ceruleus, 
which, upon reaching threshold levels, results in focal and 
spreading vasoconstriction in the intracerebral circulation 
which then leads to a secondary vasodilation of the extra- 
carotid circulation with cranial pain being mediated by the 
ipsilateral trigeminal nerve.

Support for these operational descriptions, and thence for the 
vertebrogenic model of migraine is as follows:

1 Sachse70 has shown that the most frequent movement 
restrictions in migraineurs are at CO-C1, at the cervicothoracic 
junction, and the first rib.

2 Figar, and Figar and Stary59- 60 have demonstrated the 
involvement of the cervical spine in the genesis and treatment of 
vascular abnormalities associated with radicular syndromes and 
migraines.'They have also demonstrated clinical relief of 
symptomatology in uncontrolled studies.

3 Evidence exists linking the cervical apophyseal joints and 
vertigo,71  72 '74 '75 - 76- 77 nystagmus,73 -78 and tinnitus. 78

4 Clinical evidence in the form of observational surveys and 
preliminary controlled clinical trials especially by Parker, 
Tupling and Wight has demonstrated relief of migraines by 
spinal manipulation. 37 '38 -39 -49 - 90

5 The entity of "cervical migraine" has been proposed by 
many authors 79 '80-81 -88 including Bartschi-Rochaix, Geiger



,Taine symptoms by surgical decompression of the lower 
vical nerve roots. It was his proposal that compression and 
lation of the deep sympathetic fibres was the inciting factor to 
migraines and that decompression reduced the stimulation of 
sympathetic ganglia.
t is possible, then, to describe three categories of migrai- 
js. The first would be those in whom the vertebrogenic 
praine would be etiological. It is proposed that this group 
aid derive primary benefit from spinal manipulative therapy. 
; second group would be those in whom the vertebrogenic 
nponent was secondary, but synergistic. It is proposed that 
i group could benefit from spinal manipulative therapy. The 
d group would be those in whom the vertebrogenic compo- 
it was not active, and for whom manipulation would not 
vide benefit.
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Spinal Manipulation and Beta-Endprphin: A Controlled Study 
of the Effect of a Spinal Manipulation on Plasma Beta- 
Endorphin Levels in Normal Males
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ABSTRACT
The role of spinal manipulation in the relief of pain 

is becoming clearer and more demonstrable as time 
passes. One approach to this study is the effect of 
manipulation on the neurochemical mechanisms of 
antinociception. Chief among these is beta-endorphin, 
which has been found to produce a wide range of 
beneficial effects, especially analgesia.

The intent of our study was to demonstrate the effect 
of spinal manipulation on plasma beta-endorphin 
levels. Three groups of male subjects were randomly 
created: the experimental, sham and control groups. 
All three groups were screened for symptomatology, 
present use of medications and the present use of 
innocuous stimulants, such as nicotine and caffeine. A 
standard protocol involving a 20-min pretest resting 
period, an intervention and a 40-min test period en 
sued. The experimental group received a manipulation 
in the region of the cervical spine; the placebo group 
received a sham maneuver with no dynamic thrust; the 
control group received no intervention. Samples were 
taken by venapuncture at -20, -5, +5, +10 and +30

min. The data were analyzed by repeated measures 
analysis of variance and by Scheffe's post-hoc multiple 
comparison tests. Plasma beta-endorphin levels were 
assessed by radioimmune assay technique (according 
to the method described by Harber and Sutton in 1984). 

The results of our study demonstrated a small, but 
statistically significant, increase in serum beta-endor 
phin levels in the experimental group at the 5-min 
postintervention point. The levels in the placebo and 
control groups demonstrated a steady decrease that was 
distinct from the response in the experimental group. 
With reservations regarding the sample size, our find 
ings appear to demonstrate a small but unexpected 
increase of serum beta-endorphin in response to a single 
cervical manipulation. This finding allows us to hy 
pothesize that the pain-relieving effect of manipulation 
is, in part, due to a short-term increase in beta-endor 
phin levels. (J Manipulative Physiol Ther 1986; 9:115- 
123)

Key Indexing Terms: Manipulation, Endorphins, 
Cervical Spine.

INTRODUCTION
In the mid-1970s it was shown that endogenous 

opioid peptides exist that bind to receptor sites in the 
nervous system and that produce, among other things,
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profound analgesia (1-4). The first of these identified 
was beta-endorphin. Since that time it has become clear 
that many therapeutic modalities exert their pain-re 
lieving effect, in large part, due to their capacity to 
induce an increase in endorphin levels (5-9). It is also 
becoming clearer that pain sufferers may, in fact, be 
come endorphin-deficient. Disturbances of endorphin 
physiology are suspected in the etiology of numerous 
clinical entities, including migraine (10), postpartum 
depression (11) and others (12).

During the same time period there has arisen a much 
more intense scientific interest in spinal manipulation. 
A firm conceptual and theoretical base had been pro 
vided by early investigators in chiropractic (13-16) and



116 Journal of Manipulative and Physiological Therapeutics 
Volume 9   Number 2   June, 1986 
MANIPULATION AND BETA-ENDORPHIN   YERNON ET AL

osteopathy (17-19). The studies of the past decade have 
focused on elucidating the clinical efficacy of spinal 
manipulation [see the review by Brunarski (20)] and 
the neurobiological phenomena associated with dys 
function of the spinal motion segment and its treatment 
by spinal manipulation (21-30).

The currently accepted model of neurobiological ef 
fects of spinal manipulation can be described by two 
major conceptual categories that have been created for 
this purpose: impulse-based and nonimpulse-based 
mechanisms (28). The term "impulse-based"vappties to 
phenomena related to reflex behaviors of the spinal 
neuromere and the central nervous system as they are 
both sustained and disturbed by motion segment dys 
function. The term "nonimpulse based" applies to phe 
nomena related to the physical or structural status of 
nerves, especially with regard to compression of neural 
structures in and around the vertebral motion segment, 
and to the behavior of materials internal to nerve 
structures, specifically axonal flow. The model interre 
lates the structural considerations, especially compres 
sion effects, on nerve roots and other neural elements 
located in the intervertebral foramen and the peripheral 
nerves, with functional considerations involving pain 
behavior and sensorimotor reflex patterns governing 
the behavior of the motion segment and the locomotor 
system. Manipulation is hypothesized to produce sig 
nificant short-term bursts of proprioceptive transmis 
sion in the large-caliber myelinated alpha-afferent fibers 
arising from the spinal joint capsules and ligaments (30) 
and in the muscle spindles of the local paraspinal 
musculature (28). These large-fiber signals are believed 
to modulate the interneuronal pool via the dorsal spinal 
ganglion and the substantia gelatinosa and act to "close 
the gate" on pain transmission (31). Evidence exists 
that sensorimotor reflex connections are also influenced 
by manipulation via stimulation of the segmental mo 
tor pools (32, 33). These two sets of behaviors would 
result in a reduction of pain transmission (via inhibition 
of the ascending pain pathways) and a reduction of 
muscle hypertonicity (via inhibition of alpha motor- 
neurons). These are the two most evident clinical effects 
of manipulation (23-39).

This model has been a useful starting point, but we 
believe it suffers from being somewhat mechanistic. 
Less attention has been paid to the role of neurotrans- 
mitters in these spinal segmental or central reflex phe 
nomena. Will (34), in his modeling of the effects of 
manipulation, considered the role of local neurotrans- 
mitters, especially serotonin and noradrenaline. Gitel- 
man (21) mentioned the role of substance P in his 
review of these effects. Haldeman (14) included a sum

mary of neurotransmitters involved in both the seg 
mental and descending inhibitory pathways. A recent 
review by Pressman and Nickles (35) considered the 
broad range of potential neurotransmitter effects. By 
placing spinal manipulation within the generic group 
of "stimulus-produced analgesic" (SPA) modalities, 
Pressman and Nickles implicate the same neuroendo- 
crine model as that of transcutaneous electrical nerve 
stimulation (TENS) and acupuncture (35).

The results of a previous study on pain tolerance 
levels (29) by one of the authors demonstrated that 
manipulation can increase paraspinal cutaneous pain 
tolerance levels. This has lead us to pursue the possibil 
ity of the release of a neurotransmitter substance ca 
pable of modulating pain transmission as a result of a 
spinal manipulation.

A review of the pertinent literature reveals only two 
studies that have examined this possibility experimen 
tally. Luisetto et al. (36) studied endorphin and calci- 
tonin response to chiropractic spinal manipulative ther 
apy in 11 patients with neck and arm pain. Using only 
pre- and posttherapy measures, they showed no change 
in basal endorphin levels even though all of the subjects 
demonstrated significant relief of pain. Richardson et 
al. (37) studied 31 males and females in a controlled 
experiment and showed that an unspecified manipula 
tion did not change endorphin levels as compared to a 
control group. Endorphin levels were measured 1 hr 
before, immediately after and 1 hr after the manipula 
tion.

Because the neurobiological model postulated for 
manipulation is very similar to that of TENS and 
acupuncture, it is useful to review some of the literature 
in this area. Elkiss et al. (38), in a pilot study of the 
effect of TENS on plasma beta-endorphin levels, pro 
pose three mechanisms for the effect of TENS on pain. 
Two of these are consistent with the model for spinal 
manipulation: 1) a gating effect of nociceptive afferent 
stimulation and 2) release of endorphins. Their study 
showed no consistent changes in plasma beta-endor 
phin levels after 2 hr of TENS. O'Brien et al. (39), in a 
study comparing several different frequencies of TENS 
application, showed no significant differences in pre- 
and posttreatment or treated vs. control group plasma 
beta-endorphin levels. Hughes et al. (9) compared low 
frequency-high intensity to high frequency-low inten 
sity TENS and showed a significant elevation of plasma 
beta-endorphin levels that correlated with increased 
evoked potential response. Sjolund and Erikson (40) 
and Clement-Jones (41) found that TENS increased 
cerebral spinal fluid (CSF) endorphin levels; however, 
the latter study showed no increase in plasma beta-
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endorphin levels. Malizia et al. (42) reported that elec- 
troacupuncture caused elevations of beta-endorphin in 
the plasma of healthy volunteers. Cheng and Pomeranz 
(43) have shown similar elevations with traditional 
acupuncture. Szczudlik and Lypka (8) demonstrated a 
decrease in plasma beta-endorphin upon electroacu- 
puncture stimulation. They hypothesized that increased 
receptor binding might result from the treatment; this 
would account for a reduction in plasma beta-endor 
phin. Chapman et al. (44) have shown a lack of reduc 
tion of pain tolerance in electroacupuncture subjects 
upon naloxone blockade, inferring that the analgesia of 
electroacupuncture is not endorphin-mediated. No 
doubt experimental variability accounts for a large 
measure of the conflicting results that appear in the 
literature.

It is the purpose of the present study to investigate 
further the hypothesis that spinal manipulation might 
exert its pain-relieving effect through activation of the 
endogenous opiate system. In this study we examined 
the effect of spinal manipulation on plasma beta-en 
dorphin levels in healthy male volunteers.

MATERIALS AND METHODS
Twenty-seven male subjects with an average age of 

23 were investigated. The subjects were freshman stu 
dents at a chiropractic college. Subjects were excluded 
if they were currently suffering from any kind of disease 
or ill health, if they were on any prescribed medication 
or if they had experienced any spinal pain in the 6 
months prior to the experiment. After receiving in 
formed consent from the subjects, they were randomly 
allocated to one of three groups the control group, 
the sham group and the experimental group and their 
height and weight were recorded. The basic procedure 
undergone by the control group subjects consisted of 
resting supine on a treatment table, with the head 
supported, in a quiet room of relaxed ambiance. After 
a 20-min rest, the sham group received the following 
maneuver: The upper cervical spine was assessed in the 
supine position with joint play maneuvers (45) for 
intersegmental fixation. The head and neck were then 
rotated in one direction to the maximal passive range. 
A contact was maintained on the fixed segment, and 
very slightly oscillatory pressure was exerted on this 
segment, pressing into the elastic barrier of the struc 
tures, but not through it. No audible or palpatory 
release was elicited. This procedure constitutes a mo 
bilization of the motion segment. The experimental 
group received the same procedure, except that, after 
pressure on the segment was introduced, a rotary ma 
nipulation was given of a high-velocity, low-amplitude

type, taking the joint through the elastic barrier. From 
this point on, the subject continued to rest supine. 
Table 1 outlines the measurements that were taken at 
various times during the 1-hr duration of the experi 
ment. Heart rate and blood pressure measurements 
were taken manually at 5-min intervals before and after 
intervention, until the 20-min postintervention mark, 
after which one more measurement was taken at the 
end of the experiment. Anxiety levels were assessed by 
means of a self-rating scale ranging from 1 to 10, with 
10 being the highest score. These ratings were done 20 
and 5 min before intervention and 5 and 20 min after 
intervention. Those subjects in the sham and treatment 
groups were asked whether or not the maneuver was 
painful.

Blood samples were taken at 15 and 5 min before 
intervention and at 5, 15 and 30 min after intervention. 
These blood samples were taken by venipuncture with 
tourniquet from the antecubital vein. Approximately 
8-10 ml was extracted into an EDTA tube. The samples 
were immediately centrifuged and then frozen. Beta- 
endorphin levels were determined by an I 125 radioim- 
mune assay method (47), which involves the extraction 
of beta-endorphin from the plasma using sepharose 
anti-beta-endorphin particles; the adsorbed beta-endor 
phin is then eluted for immediate measurement. The 
radioimmune assay method is based on an antibody 
with high sensitivity to beta-endorphins. A tracer is 
added, followed by a 16-hr incubation period at 4°C. 
Phase separation is done in 25 min at 4"C with a 
precipitated complex of second antibodies carried and 
with PEG added in a single pipetting step. The antibody 
to beta-endorphin cross-reacts 100% with human beta- 
endorphin. The antibody demonstrates less than 5% 
cross reactivity with beta-lipotropin. The beta-endor 
phin antibody has no cross-reactivity with other endor 
phin substrates, dynorphin, leucine, enkephalin, meten- 
kephalin, ACTH, alpha MSH, prolactin, luteinizing 
hormone and other pituitary hormones. Normal base-

TABLE 1. Study design

Time (min)
20 Preinlervention 
15 Preintervention 
10 Preintervention 
5 Preintervention 
0 Intervention 
5 Postintervention 

10 Postintervention 
15 Postintervention 
20 Postintervention 
30 Postintervention 
40 Postintervention

Measurements taken

BP 
BP 
BP 
BP

BP 
BP 
BP 
BP

BP

HR 
HR 
HR 
HR

HR 
HR 
HR 
HR

HR

ANX 

ANX

ANX 

ANX

BL 

BL 

BL 

BL 

BL

Abbreviations: BP, blood pressure; HR, heart rate; ANX, anxiety 
ruling; BL, Mood sample.
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TABLE 2. Subject data

Variable
Age(yr) 
Heighten) 
Weight (to)

Experimental
23 ± 3.6 

69.6 ±1.2 
161 .6 ±17.0

Treatment groups
Sham

22.5 ± 2.5 
69.0 ± 2.5 

163.9 ±33.1

Control
237 ± 2.8 
69.1 ± 2.3 

157.5 ±23.7

Total
23.1 ± 2.9 
69.2 ± 2.0 

160.7 ± 24.2

ANOVA 
P value

0.70 
0.84 
0.86

line values range from 4 to 10 ± 1.4 pmol/1 (47).
The serial data from the blood samples, heart rates, 

blood pressures and anxiety ratings were subjected to 
repeated measures analyses of variance (ANOVAs) to 
determine the effects of time and treatment. One-way 
ANOVAs were used to test for differences among the 
three treatment groups on the variables height, weight, 
age and 5-min postintervention beta-endorphin level. 
Posterior multiple comparisons between pairs of treat 
ment groups were performed using the Scheffe's pro 
cedure; the ot-level was set at 0.05.

RESULTS
The results from the analyses of these data are sum 

marized in Tables 2-9. The means and standard de 
viations of the age, height and weight measurements 
are presented in Table 2 for each group separately and 
for the whole sample. One-way ANOVAs detected no 
significant differences among groups on any of these 
variables.

Table 3 shows that the anxiety levels were relatively 
low, indicating a general lack of apprehension. Still, 
there was a significant decrease in anxiety as the exper 
iment progressed (P = 0.001), but there was no differ 
ences among groups (P = 0.90). When asked whether 
the sham or experimental manipulation was painful, 
no subject responded affirmatively.

The analyses of the blood pressure and heart rates 
are presented in Tables 4-6. No significant differences 
among treatment groups were found for any of these 
three variables (all P > 0.10), but there were highly 
significant differences among times (all P < 0.0001). 
All three measures tended to decrease over the first few 
times and to level off after the intervention.

Table 7 and Figure 1 show the plasma beta-endorphin 
levels. In order to control for any differences in baseline 
levels among subjects, each subject's postintervention 
levels were expressed as percentages of the mean of the 
average of the subject's two baseline levels. These per 
centage data were analyzed using repeated measures 
ANOVAs (see Tables 8 and 9) that showed significant 
differences among groups (P=0.005) and among times 
(P = 0.002). Beta-endorphin levels tended to decrease 
as the time after intervention increased. The experi

mental group showed higher mean levels than did the 
control and sham groups. The among-group differences 
were most noticeable shortly after intervention. A one 
way ANOVA showed very highly significant differences 
among the three groups at this time (P < 0.0001). 
Multiple comparisons using the Scheffe's procedure and 
a significance level of 0.05 revealed that all three groups 
were significantly different from one another.

TABLES. Anxiety ratings
Treatment groups

Time Experimental Sham Control 
(mh) (W = 9) (W = 8) (W=10)
-20 3.9 ±1.1 4.1 ±1.8 3.2 ±1.3 
-5 3.6 ±1.6 3.3 ±1.1 3.3 ±1.6
+5 3.3 ±1.9 3.0 ±1.2 2.9 ±1.4 

+20 2.7 ±1.6 2.8 ±0.7 3.0 ±1.5

Total 
(/V = 27)

3.7 ±1.4 
3.4 ±1.4
3.0 ±1.5 
2.8 ±1.3

ANOVA time effect, P - 0.001 . 

TABLE 4. Systolic blood pressure
Treatment groups

Time Experimental Sham Control 
(min) (<V = 9) (« = 8) (W=10)
-20 112±4 117±12 109±6 
-15 109±5 116±12 110±6 
-10 109 + 6 116±13 108 ±5 
-5 106±11 111±12 106±9 
+5 107 ±11 111 ±12 105 ±9 

+10 106±10 112±12 107±10 
+15 107±11 112±11 107±8 
+20 104±11 109±12 104±7 
+40 107±7 110±13 107±8

Total 
(W = 27)
112±8 
112 ±8 
111±9 
107 ±11 
107 ±11 
108 ±10 
108 ±10 
105 ±10 
108 ±9

ANOVA lime effect, P < 0.0001 . 

TABLES. DiastoUc Wood pressure

Treatment groups
Time Experimental Sham Control 
(mln) (N = 9) (W = 8) (« = 10)
-20 67 ±12 68 ±7 59 ±8 
-15 64 ±11 70 ±6 59 ±9 
-10 64 ±12 69 ±7 60 ±8 
-5 60±12 65±6 57±9
+5 60±11 66±7 57±9 

+10 62±11 66±7 58±10 
+15 62±11 67±7 59±8 
+20 61 ±10 67 ±4 56 ±9 
+40 60±10 66±7 58±8

Total 
(/V-27)
64 ±10 
64 ±10 
64±9 
61 ±10
61 ±10 
62 ±10 
62±9 
61 ±9 
61 ±9

ANOVA time effect, P < 0.0001.
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DISCUSSION
Studies such as these possess numerous difficulties 

and problems in interpretation. The first of these relates 
to the design of such studies, specifically the use of

TABLES. Heart rale

Treatment groups

Time
(min)
-20
-15
-10
-5

+5
+10
+15
+20
+40

Experimental
(W = 9)
69 ± 25
68 + 24
66 ±21
68 ±22
67 ±21
64 ±18
65 + 20
64 ±16
65±18

Sham
(A/ = 8)

«6± 12
65 ±12
65 ±12
64±11
62+9
62 ±8
62 + 9
60 + 10
63 + 11

Control
(W = 10)
66 + 11
65±8
65 + 8
64 + 9
65±9
62±9
61 ±9
62 + 10
64 + 8

Total
(N = 27)
67 ±16
66 ±16
65 ±14
65 ±14
64 ±14
63 ±12
63 ±13
62 ±12
64 ±12

ANOVA time effect, P < 0.0001. 

TABLE 7. Plasma beta-endorphin levels (in pmol/L)
Treatment groups

Time 
(min)
-15 
-5

+5 
+15 
+30

Experimental 
(N = 9)'

7.98 + 
8.08 +
8.68 ± 
8.1 8 ± 
7.89 ±

1.70 
1.43
1.94 
1.76 
1.54

Sham 
(W=8)

8.69 ± 1.97 
8.46+1.85
7.93 ± 2.02 
8.01 + 1.52 
7.74 ±1.61

Control 
(N=10)

8.13 + 
7.78 ±
7.88 ± 
7.52 ± 
7.36 +

1.74 
1.69
1.74 
1.83 
1.41

Total 
(N = 27)

8.24 + 
8.08 ±
8.1 6 ± 
7.89 + 
7.65 +

1.75 
1.62
1.85 
1.68 
1.48

•One observation was missing at the -5 time.

control groups and the size of the experimental sample. 
Luisetto et al. (36) did not employ a control group, nor 
did they establish a stable baseline before commence 
ment of treatment. The small sample size also limits 
the reliability of their study. Richardson et al. (37) 
employed a control group as we did, and the total 
sample was equal in size to that of this present study. 
The use of a control group provides a baseline for the 
total set of experimental conditions, which in this case 
included the subject's position, the laboratory environ 
ment, the subject's expectations and, of course, the 
blood sampling procedures. Our study employed a fur 
ther improvement in the form of a sham treatment 
group. This group not only provides a control for the 
subject's expectation of the provision of a "treatment" 
but controls for the effects of treater-subject physical 
interaction ("laying on of hands") and the effects of 
passive rotation of the cervical joints and muscular 
holding elements to the end-range.

The second issue involves the nature of the subjects 
themselves. Luisetto et al. assessed the clinical progress 
of a heterogeneous group of middle-aged patients with 
clinical degenerative joint disease. Richardson et aL, in 
assessing the short-term effect of manipulation on nor 
mal subjects, included both males and females. It is 
possible that intersex and age differences have a con 
founding influence on the neurohormonal responses 
under study here. Also, the presence of pain presents a

-15 nin

Figure 1.

+5 min +15 ain

Plot of mean beta-endorphin levels.

+30 ain
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different and more complex psychosocial context for 
preliminary studies in this area. As such, our study 
involved only asymptomatic males in the third decade 
oflife.

A third issue in interpreting these studies is the se 
quence of endorphin assays. Luisetto et al. provide only 
pre- and posttreatment mean values, without a control 
group and without stable baselines. These results are 
difficult to interpret. Richardson et al. sampled plasma 
levels at only three intervals: 1 hr before, immediately 
after and 1 hr after the intervention. The pretreatment 
measure in this case is solitary and may reflect the state 
of the subject at entry to the study and not just before 
the intervention. The other two measurements, we 
contend, were not taken at the most appropriate times, 
because a time-dependent sequence of physiological 
responses must take place in order to induce a release 
of endorphins, which at the same time, in the frame 
work of Richardson's design, must therefore be stable 
enough to induce a large enough response in order to 
be measurable up to 1 hr later. As we shall discuss 
below, this situation does not correspond with the 
physiological response to be expected from manipula 
tion, nor does it take into account the relatively short 
half-life of plasma beta-endorphin (38). Our study em 
ployed two measures within 20 min as a baseline and 
three postintervention measures to more accurately 
track the course of the hypothesized response.

Finally, consideration must be given to the natural 
diurnal variation of beta-endorphin in the human (48). 
Specifying and limiting the time in the day of the 
experiment is therefore critical in order to provide a 
stable range of expected values. Our study was con-

TABLE 8. Percentage change from baseline level

Treatment groups
Time Experimental 
(min) (N = 9)

Sham Control Total

+5 108.5 ±5.9
+15 102.6 ±8.5
+30 99.3 ± 7.8

91.8 ±4.2 99.0 ±6.4 100.0 ±8.7
94.4 ±8.2 94.4 ±9.8 97.1 ±9.5
90.9 ± 8.8 93.2 ± 7.8 94.5 ± 8.6

TABLE 9. Percentage change from baseline levels

Repeated measures ANOVA

Source of 
variation

Treatment
Tune 
Subject 
Treatment x time

Error term

Subject 
Time x subject 
(None) 
Time x subject

Significance 
off -test

0.005 
0.002

0.25

ducted between 0900 and 1200 hr, a period of time in 
which the expected mean values of plasma beta-endor 
phin are 80% of the maximum and are in the declining 
phase of the diurnal cycle. This suggests that endorphin 
levels should not naturally rise during this time period 
and that any increases found in an experiment such as 
ours would be modest due to a "ceiling effect."

In summary, a very homogeneous study group was 
employed with two levels of control for our experiment. 
Measures that reflect the subject's emotional-responses 
to the experiment all showed either a steady state or 
even a tendency toward greater response. A slight but 
statistically significant elevation (8.5% increase) over 
baseline in plasma beta-endorphin levels in the treated 
group occurred at a point 5 min after manipulation.

The significant differences between the treated and 
sham groups are particularly important because they 
belie the contention that elevations of beta-endorphin 
levels arise from merely the laving on of hands or from 
joint mobilization. This decidedly is not the case. This 
increase, although detectable, is rather low compared 
to other studies involving exercise, TENS and acupunc 
ture. In a review of the effect of exercise on endorphin 
levels Harber and Sutton (7) indicate a range of slight 
to fivefold increases. The average level reported in their 
study is in the 100-200% range. Malizia et al. (42) 
reported an eightfold increase in beta-endorphin levels 
upon eiectroacupuncture studies. Hughes et al. (9) re 
port 30-40% increase in plasma beta-endorphin levels 
using TENS.

We consider, however, that our study approached 
this phenomenon from a "minimalist" point of view. 
Only one manipulation was performed, and this con 
stitutes the minimum act sufficient to distinguish sham 
from active treatment. The amount of somatic stimu 
lation from a single manipulation is therefore the min 
imum expected experimentally, and as such, our expec 
tations of outcome were correspondingly low. The ex 
tent to which this elevation in plasma beta-endorphin 
clinically manifests itself cannot be determined at this 
time.

One critical question arising from these results in 
volves the nature of the physiological responses to 
manipulation, which might mediate an increase in 
plasma beta-endorphin levels. In other words, what is 
the neurophysiological rationale behind the original 
hypothesis of this study? The model of spinal antino- 
ciception proposed for TENS and acupuncture would 
seem an equally fitting one for spinal manipulation. 
Thus, short-term bursts, presumably of high intensity, 
of alpha-afferent transmission may activate a "spinal 
gate" and block pain. The neurons of the substantia
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Figure 2. Conceptual model of the neurohormonal effects of spinal manipulation.

gelatinosa are enkephalinergic and thus, a local spinal 
or segmental release of enkephalin might be expected 
with spinal manipulation.

However, ascending tracts are also implicated in 
antinociception. Spinal manipulation may, indeed be 
involved in the feedback loop that involves hindbrain 
nuclei and their descending inhibitory pathways (49). 
The most cephalad projections purported for acupunc 
ture and TENS involve activation of the hypothalamic- 
pituitary axis, presumably through somesthetic projec 
tions in the thalamus and the sensory cortex (48). 
Plasma beta-endorphin arises almost exclusively from 
the pituitary gland (5). Plasma beta-endorphin is pur 
ported to act more like a hormone than a neurotrans- 
mitter (48) and, indeed, a precise correlation of endor- 
phin increases in the CSF and plasma compartments 
has been disputed (50). The two compartments may 
function difFerently with regard to increases in beta- 
endorphin produced by various and putative therapeu 
tic agencies; in other words, plasma beta-endorphin is 
only a selective outcome of a more complete set of 
responses (as yet poorly understood).

Since our study was confined to plasma beta-endor 
phin, we conclude that the minimal stimulus generated 
by our experimental maneuver was sufficient to induce 
a slight response in the hypothalamic-pituitary axis, 
resulting in a mild elevation of plasma beta-endorphin. 
It is possible that this release phenomenon may be dose- 
dependent. It has been shown that high intensity-low 
frequency TENS can selectively produce increases in 
plasma beta-endorphin (39). As such, the quality and 
quantity of peripheral stimulation may be an important 
determinant of the pituitary response. A more substan 
tial response than the one found in this study might

therefore be induced by a higher dosage of spinal ma 
nipulation (either at one time or in series) (Figure 2).

Since plasma beta-endorphin levels do not necessarily 
reflect spinal met-enkephalin levels (50), then the sup 
position regarding the segmental effect of spinal manip 
ulation is still tenable. Since the neurotransmitter in 
the substantia gelatinosa is met-enkephalin (5), proce 
dures to assay this substance in humans should be 
explored to determine the short-term effect of manip 
ulation on the local spinal-cord reflexes.

CONCLUSION
The hypothesis that chiropractic spinal manipulation 

activates the endogenous opioid antinociceptive sys 
tems has been explored in this study.

Under very controlled and artificial conditions, an 
experimental group of normal asymptomatic young 
males demonstrated a small but statistically significant 
elevation of plasma beta-endorphin levels.

There are numerous contingencies and difficulties 
with this and other similar studies. The findings of this 
study should be taken as an encouraging sign to con 
tinue investigating this hypothesis linking spinal manip 
ulation to the endogenous opiate system (see Figure 2).

Future research into this area is essential. This study 
should be replicated with a larger sample size. An 
indwelling catheter should be employed for blood sam 
pling to reduce trauma and pain. Very homogeneous 
groups of pain sufferers should be similarly studied. 
Short-term relief of pain should be correlated to in 
creases of beta-endorphins in those patients who re 
spond to manipulation. These studies could also be 
done employing a pain threshold tolerance instrument 
(29) that could allow for a study of the effect of naloxone
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on pain tolerance levels following manipulation. It 
might also be possible to develop an animal model in 
which neurophysiological manipulations (such as spinal 
tract or dorsal root transections) could be induced in 
order to investigate the neuroanatomical pathways sub 
serving this phenomenon.

ACKNOWLEDGEMENTS
The authors would like to thank the Canadian Me 

morial Chiropractic College Research Board, for its 
generous assistance. The principal author would like to 
thank Mrs. Sheila Talaga for typing the manuscript, 
Ms. Margaret Dunn for typing the charts and Dr. 
Normal Alien for reviewing the text.

REFERENCES
1. Terenius L. Characteristics of the "receptor" for narcotic anal 

gesics in synaptic plasma membrane fraction from rat brain. Ada 
.Pharmacol Toxiccd (Copenh) 1973; 33:377-84.

2. Simon EJ, Killer JM, Edelman I. Stereospecific binding of the 
potent narcotic analgesic (3H) etorphine to rat brain homogenate. 
Proc Natl Acad Sci USA 1973; 70:1947-9.

3. Hughes J, Smith TW, Kosteriitz HW, Fothargill LA, Morgan 
BA, Morris HR. Identification of two related pentapcptides from 
the brain with potent opiate agonist activity. Nature 1975; 
258:577-9.

4. Li CH, Chung D, Doneen BA. Isolation, characterization and 
opiate activity of beta-endorphin from human pituitary glands. 
Biochetn Biophys ResCommun 1976; 72:1542.

5. Lucock AS. Endorphins and enkephalins. In: Coyle BA, ed. 
Current topics in chiropractic: reviews of the literature. Sunny- 
vale, California: Palmer-West College of Chiropractic, 1984; 
A41-A419.

6. Pomeranz B, Chiu D. Naloxone blockade of acupuncture anal 
gesia: endorphin implicated. Life Sci 1976; 19:1757-62.

7. Harber VJ, Sutton JR. Endorphins and exercise. Sports Med 
1984; 1:154-71.

8. Szczudlik A, Lypka A. Plasma immunoreactive beta-endorphin 
and enkephalin concentration in healthy subjects before and after 
electroacupuncture. Acupunct Electrother Res 1983; 8:127-37.

9. Hughes GS, Lichstein PR, Whitelock D, Barker C. Response of 
plasma beta-endorphins to transcutaneous electrical nerve stim 
ulation in healthy subjects. Phys Ther 1984; 64(7): 1062-6.

10. Sicuteri F. Endorphins opiate receptors and migraine headache. 
Headache 1978; 17:253-6.

11. Wardlaw SL, Frantz AG. Brain beta endorphin during pregnancy, 
parturition and the post-partum period. Endocrinology 1983; 
113(5): 1664-8.

12. Faden AI. Endogenous opioids: physiologic and pathologic ac 
tions. J Am Osteopath Assoc 1984; 84:129-34.

13. Homewood AE. Neurodynamics of the vertebral subluxation. 
3rd ed. St Petersburg, Florida: Valkyrie Press, 1977.

14. Haldeman S. Pain physiology as a neurological model for manip 
ulation. Man Med 1981; 19:5-11.

15. Janse J. Principles and practice of chiropractic. Hildebrandt RW, 
ed. Lombard, Illinois: National College of Chiropractic Press, 
1976.

16. Illi F. Vertebral column: lifeline of the body. Chicago: National 
College of Chiropractic, 1951.

1 7. Denslow J. Analysis of variability of spinal reflex thresholds. J 
Neurophysiol 1944; 7:297-315.

18. Denslow J, Korr IM, Drems AD. Quantitative studies of chronic 
facilitation in human motoneuron pools. Am J Physiol 1947; 
150:229-38.

19. Korr IM. The neural basis of the osteopathic lesion. J Am 
Osteopath Assoc 1947; 47: 19 1-5.

20. Brunarski D. Clinical trials of spinal manipulation: a critical 
appraisal and review of the literature. J Manipulative Physiol 
Ther 1 984; 7(4):243-9.

21. Gitelman R. Spinal manipulation in the relief of pain. NINDCS 
monograph no. 15 1975; Washington DC: DHEW publication 
no. (NIH) 76-998; 277-85.

22. Henderson D. Significance of vertebral dyskenesia in relation to 
the cervical syndrome. J Manipulative Physiol Therap 1979;

23. Beurger AA. Experimental neuromuscular models of spinal man 
ual techniques. Man Med 1983; 1:10-7.

24. Korr IM. Proprioceptors and the behavior of lesioned segments. 
Presented at the 71st clinical conference of the New York Acad 
emy of Osteopathy. New York: New York Academy of Osteo 
pathy, 1974.

25. Farfan H. The scientific basis of manipulative procedures. Clin 
Rheum Dis 1981 ,6:159-77.

26. Zinn WM. The physiology and pathophysiology of pain in gen 
eral and in relation to pain arising out of the vertebral spine. 
Ther Umsch 1981; 38:599-608.

27. Baumgartncr H. The possibilities of manual therapy for the 
alleviation of pain. Schwciz Ruedsh Med Prax 1980; 69:615-20.

28. Korr IM. Neurobiological mechanisms in- manipulative therapy. 
New York: Plenum Press, 1978.

29. Terrett A, Vernon H. Manipulation and pain tolerance. A con 
trolled study of the effect of spinal manipulation on paraspinal 
cutaneous pain tolerance levels. Am J Phys Med 1 984; 63(5):2 17- 
25.

30. Wyke BD. The neurological aspects of back pain. In: Jayson M, 
ed. The lumbar spine and back pain. New York: Grune & 
Stratton, 1976: 184-256.

31. Wall PD. The gate control theory of pain mechanisms: a re- 
examination and re-statement Brain 1978; 101:1-18.

32. Neumann HD. Clinical theories of back pain. Presented at the 
International Osteopathic Medicine Conference: Empirical ap 
proaches to the validation of manipulation. Michigan: East Lan- 
sing, May 1-2, 1983.

33. Hoehler FK, Tobis JJ. Low back pain and its treatment by spinal 
manipulation: measures of flexibility and assymmetry. Rheu- 
matol Rehabil 1982; 21:21-6.

34. Will T. The biochemical basis of manipulation. J Manipulative 
Physiol Ther 1978; 1: 155-7.

35. Pressman AH, Nickles SL. Neurophysiological and nutritional 
considerations of pain control. J Manipulative Physiol Ther 1 984; 
7(4):2I9-29.

36. Luisetto G, Spano D, Steiner W, Tagliaro F, Darling P, Campacci 
R. Plasma levels of beta-endorphin and calcitonin before and 
after manipulative treatment of patients with cervical arthrosis 
and Bane's syndrome. In: Napolitano E, ed. Research in chiro 
practic proceedings of ICA International Congress. Washington, 
DC: International Chiropractic Association, 1983: 47-52.

37. Richardson DL, Kappler R, Klatz R, et aL The effect of osteo 
pathic manipulative treatment on endogenous opiate' concentra 
tion (Abstr) J Am Osteopath Assn 1984; 84:127.

38. Elkiss M, Ingall JRF, Dooley J. Pilot study on the effects of 
iranscutaneus electrical nerve stimulation on the level of plasma



Journal of Manipulative and Physiological Therapeutics 123
Volume 9   Number 2   June, 1986 

MANIPULATION AND BETA-ENDORPHIN   VERNON ET AL

beta-endorphin. J Am Osteopath Assn 1984; 84:144-47.
39. O'Brien WJ, Rutan FM, Sanborn C, Omer GE. Effect of trans- 

cutaneous nerve stimulation on human blood beta-endorphin 
levels. Phys Ther 1984; 64(9): 1367-74.

40. Sjolund GH, Erikson MBE. Endorphins and analgesia produced 
by peripheral conditioning stimulation. Adv Pain Res Ther 1979; 
3:

41. Clement-Jones V, Tomlin S, Rees LH, McLoughlin L, Besser 
GM, Wen HL. Increased beta-endorphin but not met-enkephalin 
levels in human cerebrospinal fluid after acupuncture for recur 
rent pain. Lancet 1980; Nov 1:946-8.

42. Malizia E, Andrencci G, Paolucci D. Electroacupuncture and 
peripheral beta-endorphin and ACTH levels. Lancet 1979; 
2:535-4.

43. Cheng R, Pomeranz B. Electroacupuncture analgesia could be 
mediated by at least two pain relieving mechanisms: endorphin 
and non-endorphin systems. Life Sci 1979; 25:1957-72.

44. Chapman RC, Benedetti C, Colpitts YH, Geriach R. Naloxone

fails to reverse pain thresholds elevated by acupuncture. Acu 
puncture analgesia reconsidered. Pain 1983; 16:13-31.

45. Grice A. A biomechanical approach to cervical and dorsal ad 
justing. In: Haldeman S. ed. Modern developments in the prin 
ciples and practice of chiropractic. New York: Appleton-Century 
Crofts, 1979.

46. Deleted in proof.
47. Immuno Nuclear. Plasma beta-endorphin by radioimmune assay 

(a corporate handbook), 1984.
48. Strand F. Physiology: a regulatory systems approach. New York: 

Collier MacMillan, 1983.
49. Cervero F, Wolstencroft JH. A positive feedback loop between 

spinal cord nociceptive pathways and antinociceptive areas in 
the cat's brain stem. Pain 1984; 20:125-38.

50. Clement-Jones V, Lowry PJ, Rees LH, Besser GM. Development 
of a specific extracted radioimmunoassay for methionine enke- 
phaline in human plasma and cerebrospinal fluid. J Endocrino! 
1980; 86:231-43.





• Vertebrogenic Headache
I Howard Vernon, D.C., F.C.C.S.

"In my experience, cervical migraine is the type of headache mosr frequently seen 
in genera] practice and also the type most frequently misinterpreted. It is usually 
erroneously diagnosed as classical migraine, tension headache, vascular headache, 
/jypertens/ve encephalopathy or post-traumatic encephaloparhy. Such patients have 
usually received an inadequate treatment and have often become neurotic and drug- 
dependent."

Frykholm(1971)

Headache is one of the most ubiquitous 
and frequent complaints in our society( 1). 
Headache is the most frequent reason for 
patients attending their general physician. 
Medications for headache constitute one 
of the largest groups of prescribed and 
self-administered drugs(2). While there are 
many varieties and categories of head 
aches, muscular contraction and migraine- 
type headaches constitute the vast majority 
of headaches, especially of those seen by 
primary care practitioners(B).

Chiropractic interest in headaches dates 
back to the inception of the profession. As 
early as 1928, Loban(4) gathered anec 
dotal statistics on the results of chiropractic 
treatment of migraine. Since that time, a 
host of chiropractic writers (and other prac 
titioners of manual therapeutics) have ad 
dressed the topic The clinical literature is 
composed of a variety of studies from 
single case studies, multiple case reports, 
to retrospective, open and controlled clin 
ical trials. While this literature will be re 
viewed in depth in this chapter, the con 
sensus of these studies, as well as of 
numerous theoretical treatises on the 
mechanisms of benign headache, is that 
the cervical spine plays a very important 
but largely undervalued role in the etiology 
of such headaches and that chiropractic 
treatment can be efficacious in the man 
agement of this broad category of head 
aches.

Despite this consensus of opinion and 
data, the role of the cervical (especially the 
upper cervical) spine is poorly understood 
(and almost wholly unaccepted) by most 
orthodox practitioners and their patients. 
According to the data of Kellner, Hall, and 
Couiter(S), headache constitutes only 9% 
of the chief complaints seen by Canadian 
chiropractors. The diagnosis of occipital 
headache occurred in only 3% of cases in 
a recently reported survey conducted by a 
respected Swiss chiropractor in his clinic(6). 
In all eight editions of the Swiss Annals 
from 1960 to 1986, there exist only three 
articles on headaches(6 8). A review of the 
typical medical literature on headache re 
veals very little attention to the role of the 
cervical spine. In the last three years, the 
journal HEADACHE has published only six ar 
ticles on headache and the cervical spine. 
Three of these dealt with the effects of 
biofeedback treatment, focusing solely on 
the large regional musculature(9 11). Three 
of these do, in fact, deal with the cervical 
spine as a wholisric entity comprised of 
bone, joint, muscle, and nerve structures, 
each component being capable of involve 
ment in headache( 12-14).

The current medical paradigms of psy 
chosomatic and vascular etiologies of the 
vast majority of headaches are, therefore, 
firmly entrenched (see Rgs. 9.1 and 9.2). 
This is so much so that even when a ver- 
tebrogenic origin attributed to the cervical

152
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17.5

Pre Post 
Frequency 
(No./Mos)
sig. p < .01 
t = 3.01 df = 13

3.79
10.8

2.08

1.29
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Duration 
(Hours)

PrePcst
Severity
(1-5)

Table 9.5. Retrospective study group comparison of the mean values of the dependent variables 
before and after treatment. The average subject in this study suffered frequent long, and intense 
headaches prior to treatment. Significant improvement was demonstrated following chiropractic 
manipulative therapy.

(1) How much improvement did they ob 
tain?

(2) How satisfied were they with chiro 
practic treatment?

(3) Would they return for similar chiro 
practic treatments?

These ratings formed a satisfaction index 
(scored out of 15).

The results of the study in both the retro 
spective and prospective groups are dis 
played in Tables 9.5 to 9.9. The levels of 
statistical significance are very high on all 
of the indices. The satisfaction index scores 
range from 12.2 to 12.7 of 15 or 90%. Of 
seven subjects who reported nausea pres 
ent prior to treatment, 100% were relieved 
of that symptom. Similarly, 9 of 9 or 94% 
of subjects reporting dizziness reported 
complete relief.

In 1984, Schimek and Mohr(66) con 
ducted a descriptive survey of 78 patients 
with chronic headache. It is assumed that 
these subjects were suffering from benign 
headaches of the muscle contraction, mi 
graine or mixed types. The approach taken 
in this study was to determine the charac 
teristics of these patients at presentation 
to a manual therapy clinic as opposed to 
the outcome of manipulative treatment. The 
clinical protocol is very similar to that used

eluded a determination of the presence of 
active and latent trigger points, the pres 
ence and degree of "vertebral blockage" 
patterns of referred pain, and patterns of 
x-ray findings in the cervical spine. This 
clinical protocol is very similar to that used 
by many chiropractors in the examination 
of chronic headache sufferers.

These authors conclude their study with 
the following statements: ". . . pathologi 
cal nociceptive impulses from a blocked 
joint increase, reflexly. muscle tension in 
certain neck muscles. Referred pain devel 
ops which may be co-related with a certain

5

4-

3-

2-

1-

3.5
jffiswi

Hi
111
:-"::-:^v.': :-
'$•£•?£.

1.44

Pre Post 
t = 6.32 
17dfsig. p<.00l

Table 9.6. Comparison of mean scores of 
headache frequency (no/mos).
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Table 9.9
Response of Autonomlc Symptomatology to 
Chiropractic Manipulative Therapy in the 
Prospective Croup

Table 9.7. Comparison of mean scores of 
headache duration (hours).

area of the head.. . . Vertebral dysfunction 
is of primary importance in the develop 
ment of chronic headache and is con 
sidered to be its generator. . . ."

Miller, MaxwdL and De Boer, in 1984(67), 
reported on a single case study of "long 
standing, uncomplicated tension head 
ache." According to the authors, 13 adjus- 
tive treatments were rendered, resulting in 
a reduction in headache frequency from 
2.6/day to 1.0/day within one week. Use of 
analgesic medication similarly decreased.

In 1985, Jirout{68) reported on 200 pa 
tients who had previously been involved in 
a roentgenological study of motion block 
age at the C2-C3 segment. Of subjects
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Number of Subjects
(Pre)

Nausea 
Dizziness 
Tinnitus 
Aura
Total

'3 dfX7 =l 1.34

7 
9 
2 
4

22

p < .01.

Number of Subjects 
Relieved (Post)-1

7(100%) 
8 (88.9%) 
1 (50%) 

_2(50%)
18

Table 9.8. Comparison of mean values of 
headache severity (I -5).

with this vertebral dysfunction 90% re 
ported the presence of headaches. Manip 
ulation produced complete relief in ap 
proximately 80% of this sample.

Droz and Crot reported in the 1985 Swiss 
Annals VIII on "Occipital Headaches"(6). A 
retrospective survey was conducted of clinic 
files from 1962 to 1963 and from 1973 to 
1983. Of approximately 10,000 patient files 
surveyed, 332 (approximately 3%) were 
found to suffer from "occipital headaches" 
(taken here to mean a variant of muscle 
contraction headache). Average values of 
number of treatments and case outcome 
were compiled. The average number of 
treatments was nine. Treatment outcome 
was rated as very good (90% relief), good 
(75%), slightly better (50%), same, or worse. 
Of the sample, 80% had a very good result, 
while 10% had a good and 3% had a 
slightly better outcome. As such, 93% had 
a positive treatment outcome, while 7% 
had no improvement. Droz noted that the 
vast majority of successful cases had no 
more than 10  1 5 treatments, so that treat 
ment success can be achieved quickly, but 
in cases in which the number of treatments 
exceeds 1 5, a poorer prognosis is to be 
expected.

Most recently, Turk and Rotkolb (150) 
have reported on 100 cases of cervico- 
genic headache treated by manipulation. 
Nine manipulative treatments produced 
significant reduction of headaches in 75% 
of subjects. At six-month follow-up, 
65% still had significant improvement while 
35% had recurrence of symptoms. A sig 
nificant reduction of analgesic usage was 
noted.

The research literature then includes five 
descriptive surveys (two in the paper by
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Lewit) of treatment outcome and three 
studies describing the characteristics of 
vertebrogenic dysfunction in chronic be 
nign headache sufferers. Included in these 
three are one study noting an association 
between findings of segmental misalign 
ment on static x-ray studies of the upper 
cervical spine and two studies noting the 
association of upper cervical vertebral mo 
tion dysfunction with chronic headaches.

Migraine Headache

In 1964, Figar and Jarisky(29) studied vas 
cular reflexes of subjects who suffered from 
"vertebrogenic migraine." This is a diag 
nostic entity fulry accepted by the authors. 
Vascular reflexes were studied by photo- 
plethysmography of the superficial tem 
poral artery. Both the resting state levels 
and those evoked as a response to external 
stressors were studied. Subjects were stim 
ulated by acoustically loud noise, psycho 
logical-mental arithmetic, and nociceptive 
stresses. Nine migraine patients were com 
pared to nine age-matched control sub 
jects. Subjects were studied in between 
their headaches.

In the normal controls, the vasomotor 
response of the superficial temporal artery 
was uniformly and bilaterally vasodilatory. 
In the patients, 23% showed parallel 
vasoconstriction, while numerous others 
showed asymmetric reactions. The authors 
concluded that vertebrogenic migraine is 
associated with abnormal cerebrovascular 
tone and regulation.

A landmark descriptive survey of a chi 
ropractor's clinical experience in the treat 
ment of migraine was reported by Wight

in 1983(70). In this study, 87 patients (57 
female and 30 male) were included, 34 
with common migraine and 53 with clas 
sical migraine. The results of typical chiro 
practic treatment regimes were as follows: 
In the common migraine group, 85% of 
the females and 50% of the males were 
greatly improved; in the classical migraine 
group, 78% of the female and 75% of the 
male patients were greatly improved. The 
overall success rate for both migraine cat- 

- egories for both sexes was 74.7%. In those 
not reporting a greatly improved status 
after treatment, a reduction of severe at 
tacks was achieved for 81.5% of female 
and 45.8% of the male patients in the com 
mon migraine group, and 43.2% and 34.5%, 
respectively, of the classical migraine group.

Wight also cites the improvement rates 
reported in three other chiropractic surveys 
by Loban(4), International Chiropractic As 
sociation, and Rose{72). These are shown 
in Table 9.10.

The most important study and indeed 
the only randomized clinical trial on chiro 
practic manipulation and migraine was 
conducted by Parker, Tupling, and Pryor in 
1978(73). In this study. 85 subjects (33 
male, 52 female) with a mean age of 41 
years and a mean headache duration of 19 
years were randomly allocated to three 
treatment groups. Of these subjects, 70% 
suffered common migraine while 30% suf 
fered classical migraine. The subjects re 
ceived a baseline assessment consisting of 
psychological tests (especially regarding 
attitudes toward manipulative therapy), x- 
ray analysis of the cervical spine, and a 
migraine diary wherein dairy data on head 
ache duration, intenshy. and frequency were

Table 9.10
Chiropractic Surveys of Migraine Patients as Reported by Wight'

Improvement V

Cities

Loban(1928)

ICA survey (1953)"

Rose (1973)

Number

89

76

17

Complete

58

40

27

90

87

72

Marked

32

47

45

Scne

iO

11

27.5

Worse

0

2

0

'Adapted From Wight JS. Migraine: a statistical analysis of chiropractic treatment. Am Chiro f-syy ' C"i/o 1978- 12-363-367. 
4 (CA. International Chiropractic Association.
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gathered. Medical and neurological tests 
were conducted to ensure that no organic 
cause existed for the headache condition. 
After the baseline examination, subjects were 
randomly allocated to one of three treat 
ment groups—chiropractic manipulation, 
medical manipulation, a control/mobiliza 
tion performed by physiotherapists. Sub 
jects underwent a two-month pretreat- 
ment stage, a two-month treatment stage, 
and a further two-month follow-up period.

This study tested a number of hy 
potheses which essentially compared the 
treated and nontreated groups as a whole, 
compared to each other and separately on 
the response to headache frequency, se 
verity, and duration. These hypotheses were 
tested with statistical tests using a proba 
bility level of .01.

An average of seven treatments were 
performed in the treatment phase. The mean 
improvement level for all three groups was 
28%. Only one hypothesis achieved an ac 
ceptable level of statistical significance (.01), 
that being that headache severity (i.e., pain 
intensity) was reduced in the chiropractic 
manipulation group. Measures of treat 
ment expectation of the subjects and the 
treators indicated a higher degree of ex 
pectation of treatment response by the pa 
tients and the chiropractors in the chiro 
practic manipulation group. The authors 
concluded that such high expectations had 
a direct effect on pain ratings and, as such, 
the finding that a single significant hypoth 
esis did attribute treatment success to chi 
ropractors was probably due to a placebo- 
type response.

This study was the subject of much crit 
icism and independent review. An inde- 
pendant statistical consultant was commis 
sioned by the New Zealand Commission 
on Chiropractic(74) and asked to revise the 
statistical tests in order to more property 
analyze the available data. Several prob 
lems were delineated, which, in the opinion 
of that consultant, contributed to the neg 
ative findings of the clinical trial.

First, the control group did in fact receive 
a form of treatment. i.e.. mobilization, so 
that a true treatment—no treatment com 
parison could not be conducted. Second, 
the alpha level of .01 was very stringent- 
even higher than that of many medical clin

ical trials. Third, some of the statistical tests 
were inappropriate. A revision of the statis 
tical analysis was performed that did not 
produce an aceptable level of statistical 
significance in any of the hypotheses, even 
at a lowered (.05) alpha level. However, 
the consultant noted that subjects in the 
chiropractic manipulation group consis 
tently scored higher in every rating than 
did the other two groups. Given that a 
relatively low number of treatments was 
performed on average (7), and that the 
chiropractic manipulation group was fa 
vored in all of the statistical tests, the con 
sultant concluded that the study had a low 
power. This meant that it was not designed 
effectively enough to detect a difference 
between treatment groups when such a 
difference might, in fact, have been present.

A follow-up study was published in 1980 
by Parker and his colleagues that was very 
much a response to his critics(75). It was 
noted that at a 20-month foliow-up period, 
a further 19% of subjects had achieved an 
improved rating. This constituted a 47% 
success rate for manual therapy in the 
treatment of migraine. An interesting as 
pect of the data that did not receive statis 
tical analysis was that 14 of che subjects in 
the study achieved a complete recovery. 
Of these, 8 were in the chiropractic manip 
ulation, 1 in the medical manipulation, and 
5 in control/mobilization groups.

The follow-up study attempted to cor 
relate certain psychosocial variables with 
treatment success. Only one—sex (.01)— 
achieved the appropriate level of statistical 
significance to be accepted as a correlate 
of therapeutic success. In this regard, fe 
male patients responded better than male 
patients to the forms of manual therapy 
studied by Parker et al.

It should be evident from the preceding 
discussion that the "Parker clinical trial" raised 
more questions than it provided answers 
for. It appears to have been a study with 
very worthwhile intentions, but which fell 
heir to an important but often overlooked 
error known as Type B error. This is the 
statistical error in which a clinical trial fails 
to demonstrate significant differences when 
they do in fact exist. In other words, this 
appeared to have been a false negative 
trial. Upon reflection, a 47% Total success



Patient Name. 

I. Age ——

Date .

2. M F

3. Occupation ________

4. Onset ___ Tori Duration . .Hours .
.Weeks

5. Initial Precipitating Event

1. Trauma
2. Menses
3. I "Work stress
4. Childhood
5. Illness
6. Other

No Yes

Typical Headache

6. Frequency 
Daily.

./Week 

./Month 
_/Month

7. Duration
./Hours

8. Severity

0 
none

9. Location

1. Occipital
2. Temporoparietai
3. Frontal
4. Facial
5. Orbital
6. Vertex
7. Mandibular

10.
1. Neck pain
2. Upper back pain

11.
1. Unilateral 

Right 
Left

2. Bilateral
12.

!. Focal
2. Diffuse
3. Radiating

13. Character
1. Pressure
2. Steady ache
3. Throbbing
4. Stabbing

14. Associated Symptoms
1. Nausea
2. Vomiting
3. Dizziness

10
worst

No Yes*

No

No

No

No

No

Yes'

Yes*

Yes*

Yes*

Yes*

4. Aura
4.1 Visual
4.2 Smell
4.3 Kinesthetic
4.4 Other

5. Visual disturbance
6. Abdominal pain
7. Photophobia
8. Phonophobia ___ ___
9. jaw pain ___ ___

15. Diurnal No Yes*
1. Awakes at night ——— ———
2. Morning ——— ___
3. Afternoon ——— ———
4. Evening ———. ———
5. All day ___ ___
6. Variable ——— ———

16. Precipitation No Yes*
1. Hunger ——— ———
2. Tension/stress ——— ———
3. Fatigue ——— ———
4. Weather changes ——— ———
5. Movements of head/neck ——— ———
6. Certain foods ——— ———

17. Aggravation No Yes
1. Menstruation ——— ———
2. Sneeze/cough ——— ———
3. Exertion ——— ———
4. Head/neck movements ——— ———
5. Motion ——— ———
6. Noise ___ ___
7. Light ——— ———

18. Medications No Yes
1. None ___ ___

Analgesic
2. Aspirin ——— ———
3. Tylenol ___ ———
4. Fiorinal ___ ___
5. Ibuprofen _____ ___
6. Other ___ ___

Abortive
7. Ergot ___ ___
8. Cafergot ___ ___
9. Other ___ ___

Preventative
10. Inderal
11. Isoptin
12. Methysergide _____ ___
13. Other ___ ___
14. Hormonal/BCP ___ ___

19. Self-Help
1. Lying down ___ _____
2. Massage ___ ____
3. Heat ___ ___
4. Cold
5. Food
6. Other

Figure 9.4. Canadian Memorial Chiropractic College Migraine Trial Headache History.
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Past Treatment
20. Previous diagnosis?.
2 1. Past diagnosis? 

Specialist No __ Yes.
No Yes

1. CTscan
2. EEC
3. Other

22. Past Treatments

1. G.P.
2. Biofeedback
3. Acupuncture
4. Chiropractor
5. Dentist
6. Other

No
Helpful? 

Yes No Yes

General Health
23. Do you have anv separate pain in

No
1. Neck ___
2. Upper back ———
3. Lower back ___

24. Are you taking any other medication?
No

1. Anticoagulant ———
2. Valium ___
3. Antidepressant ___
4. Antihistamine ___
5. Other ___

Yes

Yes

Lifestyle

27. I. Are you married?
2. Do you have children? 

Boys #——— Gris -?_
28. Are you a smoker?

How much? ________

No Yes

29. Family History of Headache
1. Mother __
2. Father __
3. Grandparent __
4. Sibling __
5. Children __

30. How would you rate your Job stress
1. Low ——
2. Medium ——
3. High ——

Patient Summary 
Migraine

i i i

to. i
147
1 4. & 164
Id7 I7fi
I4R 791

Tension/Muscle 
Contraction/Cervical *

5 1
Q 1 *

10 1 *
1? 7
|}7
Ifi?
ifit; *

Vertebrogenic Pattern

25. Have you had any recent illnesses or operations?
No Yes

Prognosis for ManipulariorvConiraindications

26. Do you have

1. High blood pressure
2. Vascular disease
3. Neurological disease
4. Other diseases

No Yes
Treatment Plan

Figure 9.4 (continued)

MECHANISMS OF VERTEBROGENIC 
HEADACHE——————————————

At this point, I will attempt to synthesize all 
of the informarion in the clinical, theoretical, 
and experimental literature into an inte 
grated and coherent model. This model will 
be organized along two major lines—ana 
tomical and physiological.

Anatomical Model

Table 9.11 displays the components of a 
generic vertebrogenic model organized 
along anatomical lines. The major catego 
ries of structures include:

(1) Extrasegmental—largely involves the 
large regional musculature and their 
fascial structures;
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Parienr £_
DDDDDDDDDDDDDD 
AAAAAAAAAAAAAA 
YYYYYYYYYYYYYY

Month Day Year Office Use
1 2 3 4 5 6 7 8 9 10 II 12 13 14

1 . Did you have a headache today? 
Answer YES or NO

2. If YES, how long did it last? 
(in hours)

3. How severe was it? (0— 1 0) 
None ................= 0
Mild ................. = 2
Moderate ............ = 4
Heavy ...............= 6
Severe ............... = 8
Horrible .............. =10

4. Rate your activity today. 
Normal ............... =0
Minimal Effect on 
Activity ............... =1
Interference with 
work/leisure ........... =2

. Absent from 
work/school ........... =3

5. Medication taken: 
(a) How much each time?

(b) How often?

1

!

i

>

1

j

Figure 9.5. Canadian Memorial Chiropractic College Migraine Trial Headache Diary.

Table 9.1 <
An Anatomical Model of Vertebrogenic Mechanisms

ExtrasegmentaJ Intersegments) Infrasegmental titiasegmenwl

Regional muscles

Fasclal attachments

"Postural" or configuration 
causes

joint dysfunction 
Ligaments 
Capsules 
Deep/short muscles

IntervertebraJ disc

"Foraminal" area 
Nerve root 
Dorsal root ganglia

Reflex disturbances
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PATIENT NAME AGE M/F

Number of Headaches: /mo Headache Duration:
(1/2) 

hr Headache Severity:
123456789 10

STRUCTURAL EXAM:

I) Ranges of Motion (Full = 0, partial = 1, 
moderate = 2, severe = 3)

2) Myofascial Triggers (Good = 0. Present = 
2, Not Done = X)

FLEX

EXT

RROT

LROT

RLB

LLB

Frontalis
Temporal is
Occipitalis
Sub-occip
Mid-cerv
Lower-cerv
Traps
Seal
Rhomb
Pec Ma

3. Fixations (Score 2 for each fix or hyper, X = Not Done. 0 = Normal) 

Lateral Bend Rotation Anteroposterior Block
L(2) L(2)

CO 
Cl

C4 
C5

C7 
Tl 
T2

CO 
Cl 
C2

C5

C7 
Tl 
T2

CO 
C1 
C2

C4

C7 
Tl 
T2 
T3

Figure 9.6. Canadian Memorial Chiropractic College Migraine Trial Cervical Spine Examination Form.

(2) Intersegmental—involves the holding 
elements of the motion segment: an 
terior and posterior joint structures as 
well as the deep, short intersegmental 
muscles;

(3) Infrasegmental—involves structures in 
the intervertebral foramen or, in the 
case of the upper cervical vertebrae 
that lack true foramina, the bony envi 
rons of the nerve roots. Specifically, 
these structures include the ventral and 
dorsal nerve roots, the mixed spinal 
nerve, the dorsal root ganglion, the 
autonomic fibers, the recurrent men-

ingeal nerve, and the vascular struc 
tures of the intervertebral foramina; 

(4) Intrasegmental—applies to the spinal 
cord, in particular, the ascending pain 
pathways, the anterior horn cells, and 
those of the sympathetic nervous sys 
tem. These spinal .neuronal pools are 
involved in reflex connections that gov 
ern pain behavior, muscle tone and co 
ordination, and autonomic tone (spe 
cifically vasomotor tone), respectively.

An anatomical model of vertebrogenic 
headache applies these categories to the
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Weeks

Figure 9.7. Data rom a single case study of a migraine subject in the manipulared group. Head 
ache frequency.

d)——————— 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 IS 19 20 21 22 23(2)————— Weeks
Figure 9.8. Data from a single case study of a migraine subject in the manipulated group. Head 
ache severity.
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craniocervical anatomy in order to ration 
alize mechanisms that could be productive 
of the kind of head pain and dysfunction 
clinically associated with benign head 
aches, i.e., muscle contraction, migraine 
(common and classic), and mixed types. 
This model will be applied presently to 
each of these headache categories sepa 
rately.

Vertebrogenlc Muscle Contraction 
Headache

Mechanisms

Exfrasegmerrta/. The structures involved 
in this category are the large regional cer- 
vicothoracic and cervicocranial muscles, 
specifically, trapezius, sternocleidomastoid, 
levator scapula, splenius, and semispinalis 
capitus, and the occipitofrontalis muscle. In 
addition, one would include the fascial in 
vestments surrounding and interconnect 
ing these large muscles that, as a group 
(excluding occipitofrontalis), we would 
define as "regional craniocervical exten 
sors."

These muscular structures are suscepti 
ble to a variety of chronic low-level but 
accumulative stresses that alter their func 
tion and prepare the way for primary or 
secondary pain states. These stresses arise 
from postural strain as well as occupational 
strain and are aggravated when individuals 
assume slumped postures with cervical hy- 
perlordosis and occipital extension (see Fig. 
9.9) as well as seated postures that, involve 
forward tilt of the head and neck (especially 
with superimposed rotation) and constant 
upright support of the active arms. These 
postures are adopted daily by millions of 
workers in offices around the world (see 
Fig. 9.10). These muscles may suffer direct 
trauma as in ameflexion strains or in hy- 
perextension-hyperflexion injuries of the 
whiplash type. Cervical joint derangement 
(see below) may also produce muscular 
dysfunction by inducing secondary arthro- 
genic contractions(79).

How do these myofascial dysfunctions 
produce headache? The most direct mech 
anism involves irritation of the tendoper- 
iosteal junctions producing low-level chronic 
foci of tenderness and pain. This produces

Figure 9.9. Line drawing of the typical pos 
tural maladaptation in the upper cervical spine 
(see text).

Figure 9.10. Typical upper cervical decom- 
pensated posture in modem desk workers.
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local occipital or nuchal and suboccipital 
pain. Lewit(34) has remarked on "pain over 
the posterior arch of atlas" and others(38, 
84, 85) have noted the presence of ten 
derness over the insertions of the large 
regional muscles to the posterior occiput 
and to the vertebral arches.

The second mechanism involves a chronic 
myofasciitis of the muscle structure as a 
whole, which is typically expressed as a 
low-level hypertoniciry with a focal zone of 
pain and tenderness. This may or may not 
be accompanied by radiation zones of pain, 
typically in a cephalad direction into various 
predictable crania! locations. This phenonv 
enon is referred to by various names but is 
most commonly known as the "trigger 
point" phenomenon of Travell(82-84). The 
trigger point phenomenon may be an ac 
tual focal lesion within the muscle struc 
ture, typically located in the vicinity of the 
motor point with local histopathological 
changes(84), or it may be a zone of re 
ferred pain and hypersensitivity resulting 
from proximal peripheral neuropathy as 
described by Gunn(81). Regardless of its 
origin, this myofascial dysfunction pro 
duces muscle-specific zones of radiating 
head pain that may completely mimic the 
pain of cranial muscular contraction. Some 
of these typical referral zones, adapted from 
Travell( 147), are displayed in Figures 9.1 1 — 
9.19.

Muscular hypertonicity or contracture as 
found in chronic postural dysfunction may 
also produce a secondary entrapment of

Figure 9.12. Trigger points and pain referral 
zone for the clavicular division of the stemo- 
cleidomastoid muscle. After Travell JG, Simons 
DG. Myofascial pain and dysfunction. The trig 
ger point manual. Baltimore: Williams & Wilkins, 
1983.

accompanying neurovascular structures. 
There are two such conditions that are as 
sociated with headache: entrapment of the 
greater occipital nerve and the thoracic 
outlet syndrome. Skillem(23) and Ar- 
nold(86) described a syndrome resulting 
from entrapment of the greater occipital

Figure 9.11. Trigger points and pain referral 
zone for the suboccipital muscles (after Travell 
and Simons (147)).

Figure 9.13. Trigger points and pain referral 
zone for the sternol division of the stemoclei- 
domastold muscle. After Travell JG, Simons DO. 
Myofascial pain and dysfunction. The trigger 
point manual. Baltimore: Williams i. Wilkins, 
1983.
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figure 9.14. Trigger points and pain referral 
zone for the upper trapezius muscle. After Travel! 
JG, Simons DG. Myofascial pain and dysfunc 
tion. The trigger point manual. Baltimore: Wil 
liams &. Wilkins, 1983. Figure 9.16. Trigger points and pain referral 

zone for the upper and midcBe trapezius mus 
cles. After Travell JG, Simons DG. Myofascial pain 
and dysfunction. The trigger point manual. Bal 
timore: Williams ^Wilkins, 1983.

Figure 9.15. Trigger points and pain referral 
zone for the middle and lower trapezius mus 
cles. After Travell JG, Simons DG. Myofascial pain 
and dysfunction. The trigger point manual. Bal 
timore: Williams &.Wilkins, 1983.

Figure 9.17. Trigger points and pain referral 
zone for the semispinalis capitus muscle. After 
Travell JG, Simons DG. Myofascial pain and dys 
function. The trigger point manual. Baltimore: 
Williams & Wilkins, 1983.
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Figure 9.18. Trigger points and pain referral 
zone for the semispinalis cervicis muscle. After 
Travell JG, Simons DC. Myofascial pain and dys 
function. The trigger point manual. Baltimore: 
Williams &. Wilkins. 1983.

nerve as it pierced the cephaJad portion of 
the trapezius muscle. Bogduk(53) has re 
fined our appreciation of the anatomical 
basis of this "occipital neuralgia." Entrap 
ment appears to occur where the nerve 
courses between the insertions of the tra 
pezius and the splenius capitus. Focal ten 
derness is'uniformly present on the occiput 
unilaterally with sharp, more intense pain 
radiating forward over the cranium, very 
often to the frontal region. Conservative 
therapy(87), myofascial release(85), injec 
tion therapy, and occasionally removal of 
the C2 dorsal root have been proposed in 
the treatment of this type of headache(86).

According to Raskin etal(12), headache 
is the leading symptom of thoracic outlet 
syndrome. They proposed that muscular 
hypertonicity produced a nonspecific trig 
ger to the existing headache mechanisms, 
that is, to vascular dysfunction or to crania! 
muscle tension.

In summary, the large occipital extensors 
may undergo stresses leading to greater 
and more persistent degrees of contrac 
tion, which then may irritate tendinous in-

Figure 9.19. Trigger points and pain referral zone for the multifidus muscle. After Travell |G, Si 
mons DC. Myofasciai pain and dysfunction. The trigger point manual. Baltimore: Williams 8. Wilkins, 
1983.
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sertions, create focal trigger points with 
myotomal radiations, and entrap neural 
structures so that primary and/or referred 

. head pain might arise.
Intersegment*!. This category refers to 

the joint structures of the motion segment- 
posterior ligament complex, apophyseal 
joints, intervertebral disc, and uncovertebral 
joints, as well as the deeper short segmen- 
tal muscles that have been labeled suboc- 
cipital muscles in the craniocervical region. 
Considering first the posterior motion seg 
ment, attention focuses on articular and 
ligamentous nociceptors {Type IV recep 
tors of Wyke)(79) and the intraarticular 
nociceptors that appear to accompany in- 
tra-articular inclusions such as joint menis- 
coids(88). These nociceptors, when irritated 
by mechanical or chemical stimuli, transmit 
local joint pain that may then initiate ar- 
throgenic muscle spasms especially of the 
segmental musculature(79). In addition, re 
ferred pain may arise as a consequence of 
activation of convergent neurones(89).

This referred pain has been described as 
a "sclerotogenous" type of referral. Fein- 
stein et al(90) and Kellgren(91) have ex 
perimentally irritated facet joints and 
mapped the corresponding zones of pain. 
Representative depictions from Feinsten's 
work of pain referrals from upper cervical 
joints are shown in Figure 9.20.

Involvement of the cervical and crani 
ocervical joints in headache takes two gen 
eral forms: first, joint dysfunction and second, 
osteoarthritis. Joint dysfunction describes a 
spectrum of mechanical derangements af 
fecting the static and dynamic capacities of 
a synovia! joint. These have been alluded

to by manipulative practitioners in all of 
their writings and have been described as 
"subluxations" (chiropracric)( 146), "fixa 
tion" (chiropractic), osteopathic lesion, and 
joint blockage (medical manipulators). This 
dysfunction involves a static misalignment, 
a hypomobility, a paradoxical mobility, or 
an excess of mobility below the threshold 
of frank instability. The role of joint dys 
function in headaches was alluded to by 
numerous authors, some of whom were 
mentioned in the preceding literature re 
view (see also Ref. 46). Certainly, Schimek 
and Mohr's(66) description of joint dys 
function as the "generator" of muscle spasm 
and pain about the head, Boake's(36) de 
scription of upper cervical joint dysfunction 
being responsible for 70% of all headaches, 
jirout's(68) finding of headaches in 90% of 
individuals with C2—C3 dysfunction, and 
Bogduk's(52) mention of upper cervical 
hypomobility as the major cause of head 
aches previously termed "muscle contrac 
tion-type" all point to a consensus in the 
literature on the primary role of joint dys 
function in the production of headache.

joint derangements of CO-C1, C1-C2, 
and C2—C3 may initiate direcr sclerotogen 
ous referral of cranial pain. The finding of 
Cl afferents in the facial region(44) gives 
rise to the possibility of a wide distribution 
of referred pain from the occiput-atlas seg 
ment, joint derangements cause arthro- 
genic spasm of the suboccipital muscles, 
which may then lead to muscular pain syn 
dromes in a manner similar to that de 
scribed above for the regional musculature.

Pain arising from the upper cervical joints 
may converge with and facilitate the sec-

Figure 9.20. Zones of pain referral 
from the interspinous tissues of C1 
and C2. After Feinstein B, et al. Ex 
periments on pain referred from 
deep somatic tissues. ) Bone joint 
Surg 1954;36A:981-997.
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ond order neurons in the spinal tract of the 
trigeminal nerve. Pain from upper cervical 
joint dysfunction may then appear to ra 
diate to the frontoremporal region, an area 
distinct from the typical "dermatomal" dis 
tributions of the CI and C2 nerve roots.

The second category of joint afflictions 
involved in headaches is osteoarthrotic 
changes. Edmeads" review(69) of this as 
pect of cervicogenic head pain is exhaus 
tive. Suffice it to say that joint pain and 
stiffness that accompany the degenerative 
joint process often give rise to headaches.

At least one author( 148) has implicated 
intervertebral disc lesions in disturbances 
of the spinal tract of the trigeminal nerve. 
These would likely occur at C2—C3 or C3— 
C4 as it is doubtful that the spinal tract of 
V descends any lower in the cervical 
cord(128). An important feature of os- 
teoarthrosis is the degenerative changes 
that occur in the uncovertebral joints or the 
lateral atlantoaxia! joints. Osteophytic out 
growths from these joints may affect the 
C2 nerve roor (ar Cl—C2), the vertebral 
artery (at CI—C6). and the posterior sym 
pathetic chain that ascends with the ver 
tebral artery. Encroachments on these 
structures may inmate reflex spasm or oc 
clusion of the vertebral artery or other neu- 
rogenic disturbances (see Neck-Tongue 
Syndrome in Chapter 12).

InfrasegmentaL This mechanism in 
volves disturbances of the nerve roots, dor

sal root ganglia, and preganglionic sym 
pathetic fibers in the environs of the 
intervertebral foramina or, as in the case of 
the C1 and C2 nerve roots, in the osseolig- 
amentous environs of the posterior arches 
of the atlas and axis. Hunter and May- 
field(20) were the first to report on the 
significance and vulnerability of the C2 nerve 
root in the genesis of head and facial pains. 
The earlier chiropractic conception of a 
"pinched nerve" has given way to the con 
cept of progressive, low-level compressive 
neuropathy created by a spectrum of pre- 
degenerate(81) and degenerative changes 
in the boney environs of the nerve root. 
Gunn(81) and Luttges and Triano(92, 93) 
have summarized these progressive al 
terations in nerve function. Gunn uses 
the term "denervation hypersensitivity" to 
describe the functional changes that arise 
from such a neuropathy. The nerve root 
is far more vulnerable to lower levels 
of compression than is the peripheral 
nerve(93). Luttges and Triano report sig 
nificant reduction of conduction velocity at 
10 times less compression of the nerve 
root than the peripheral nerve. Gunn's de 
scription of these changes is depicted in 
Table 9.12. The important consideration for 
our discussion on vertebrogenic headaches 
is the vulnerability of the C1 and C2 nerve 
roots, which are not protected by an in 
tervertebral foramen or a nerve root canal. 
Inflammatory reactions around the synovial

Table 9.12
Effects of Denervatioa Supersensitivity and Chronic Nerve Root Irritation according to Gunn
and Luttges and Gerren

Accord to Cunn'
(1) Increased sensitivity at motor end plate to 

circulating neuronansmitters—especially to 
acetylcholine.

(2) Spontaneous (ectopic) discharge or fibrilla 
tion.

(3) Increased ability to receive synaptic contacts.
(4) Disturbed afference.
(5) Denervated primary afferent fibers may re- 

ducd endorphin and enkephalin stores in 
laminae 1. II. and 11L

According to Luttges and Gerren 11
(1) Modification of receptor sensitivity.
(2) Altered fiber projection into cord.
(3) Altered sensory input into cord with subse 

quent changes in cord cells.
(4) Altered function of Schwann and other sup 

porting cells.
(5) Sprouting.
(6) Abnormal reservation.
(7) Ventral root afferentation,
(8) Altered temporal pattern of input.
(9) Ephaptic transmission (sensory activation by 

Sympathetlcs).
'Adapted from Cunn CC. Ttespondytasfc" and some pain syndromes following denervafion supersensitMty. Sphe 1980: 5(2): 185-
192.
"Adapted from Luns« M*'- ^ntm RA. Nerve compression: nerves and roots. In, Haldeman S, ed. Modem developments In
the principles and practice of chiropractic. New York: Appleton-Century-Crofts. 1979.
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joints between CO and C3, hypermobility 
especially at Cl—C2, combined hyperex- 
tension/torsional impingement of the C2 
dorsal root ganglion (see Chapter 1), and 
osteophytic encroachments from the pos- 
terolateral margins of C1-C2 and C2-C3 
joints are all potential sources of nerve root 
irritation. According to the model of Gunn, 
these low-level chronic stresses, so much 
a part of the consequences of the typical 
pathogenesis of spinal degenerative joint 
disease, produce referred pains in the cran 
ium, myalgic tender zones, sustained hy- 
pertonicity of the craniocervical muscles 
subserved by these nerve roots, and dis 
turbed afference into the spinal cord re 
sulting in a lowering of the "pain gate"(94) 
and facilitation of the motor pools. As such, 
the pain of "muscle contraction headache" 
may have a decidedly more neurogenic 
cause than is presently considered.

Included in this infrasegmental set of 
mechanisms is irritation of the ascending 
sympathetic chain structures. As Grille 
pointed out(7), the autonomic structures 
are divided into posterior and anterior 
compartments. The posterior sympathetic 
structures ascend with the vertebral artery. 
They are loosely referred to as the vertebral 
nerve. Compression or rotational irritation 
can be exerted from the posterior facet 
joints in the manner described by Kovacs 
that was presented earlier.

The anterior chain is composed of the 
preganglionic fibers melding into three cer 
vical ganglia: inferior, middle, and superior. 
Postganglionic fibers ascend from the su 
perior cervical ganglion into the cranium. A 
discussion of sympathetic mechanisms in 
vertebrogenic headache will be presented 
below in the section on vertebrogenic mi 
graine.

Intrasegmental. Normal reflex function 
and the consequent control of normal 
physiological responses depend in large 
part on the nature of sensory input into the 
spinal cord. Melzack and Wall(94) first pro 
posed that particular patterns and intensi 
ties of sensory input might exert a modu 
lating effect on the ultimate transmission of 
pain in the central nervous system. Korr 
and his colleagues(95-97, 98) proposed 
that somatic stimulation could have pro 
found effects on the spinal motor and au

tonomic pools by creating what was called 
a state of central facitiratkxi or the "central 
excitatory state," In this state, more or less 
constant excitatory postsynaptic potentials 
combined with a release of inhibitory -or 
suppressive mechanisms serve to increase 
the "gain" on output behavior of the effec 
tor pools or the second-order sensory 
pathways, thus producing persistent and 
inappropriate motor and autonomic dis 
charge. This is expressed as sustained mus 
cular contraction, sustained vasoconstric- 
tion, and hypersudarion. as well as persistent 
transmission of pain(98).

When these disturbances of central or 
spinal reflex behavior are considered in the 
area of the upper cervical spine, attention 
must focus on the local motor pools and 
the spinal tract of the trigeminal nerve. The 
first-order sensory neurons of the trigemi- 
nus descend into the spinal cord and ter 
minate on second-order neurons in the 
Cl—C2 and possibly C3 neuromeres (see 
Figure 9.21). These second-order neurons 
also receive terminations from the C1 and 
C2 nerve roots. Boake refers to this situa 
tion as an "anastomosis" of nerve end- 
ings"(36). The practical considerations, for 
our purposes, are that disturbed or noci- 
ceptive impulses from the Cl and C2 nerve 
roots (via any of the sources of somatic 
irritation discussed above) will converge on 
and facilitate—by spatial and temporal

\

Figure 9.21. Synapse of C2 and C3 afferents 
with rhe spinal tract of the fJdi cranial nerve in 
the nucleus subcaudalis.
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summation—the second-order neurons of 
the spinal tract of the V. In the discussion 
below on vertebrogenic migraine, further 
central terminations from the locus ceru- 
leus will be discussed. Thus, referred pain 
in the trigeminal sensory distribution can 
arise from upper cervical joint dysfunction. 
Facilitation of the motor pools would create 
sustained muscular hypertonicity in the 
craniocervical region consistent with the 
model of the arrhrogenic reflex of Wyke(79). 

In summary, central facilitation of the up 
per cervical cord by somatic input from 
joint dysfunction would create pain and 
muscle contraction in the cranial region— 
again, pointing to a neurogenic etiology of 
muscle contraction headache pain con 
trasted with the psychogenic etiology of 
primary muscle contractions in the crani 
ocervical muscles as proposed in the cur 
rent medical model

Vertebrogenic Migraine

There are several mechanisms that are of 
particular interest to a vertebrogenic model 
of migraine.

Mechanisms

Intersegment*!. Osteophyrk or facet joint 
encroachment on the vertebral artery, ver 
tebral nerve, or sympathetic plexus has been 
implicated by numerous authors including 
Bartschi-Rochaix(17), Kovacs(24), Fry- 
kholm(37), and Edmeads(69) in the pro 
duction of migraine-like prodromata and 
pain.

Infrasegmental. Irritation of the post- 
ganglionic fibers in the lowest cervical in- 
tervertebral foramina has been implicated 
in the production of cerebral vasoconstric- 
tion. Ghavamian(35) reported on relief of 
migraine symptoms in individuals undergo 
ing surgical decompression of the lower 
cervical nerve roots. Direct irritation of the 
superior cervical ganglion(108) would pro 
duce vasoconstriction of the internal cere 
bral vasculature along with a host of other 
"vegetative symptoms" that have as their 
basis reflex reduction of blood supply to 
various cranial structures(71). This direct 
irritation can occur in posttraumatic states 
or possibly as a result of mechanical de 
rangement (torsional hypermobility) of the 
atlantoaxial joint(99).
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IntrjtsegmentaL The vertebrogenic model 
of migraine proposes that disturbed so- 
matoautonomic reflexes can be responsi 
ble for disordered cerebrovascular tone— 
specifically for the vasoconstrictive phase 
of the migraine cascade. Clinical and anec 
dotal observations support the existence 
of symptoms arising from the cervical spine, 
which are mediated by excessive discharge 
from the cervical sympathetic system (see 
Chapter 10).

Basic Scientific Evidence

It has been known for over 25 years that 
the arterial vessels on the surface and in 
side the brain are innervated by sympa 
thetic nerve fibers that arise from the su 
perior cervical ganglion (see Figure 9.22). 
Rosenblum( 100) and Krog( 101) provided 
early experimental evidence for the effect 
of neuronal influences on cerebral circula 
tion. Several studies in the early 1970s( 102— 
106) convincingly demonstrated the pres 
ence of adrenergic receptors on the pial 
vessels. The functional role of this innerva- 
tion has been the subject of much study 
and debate. As reviewed by Wei et al, some 
of the early studies showed that pial vessels 
were responsive to chemical or electrical 
stimulation of the adrenergic fibers that ter

minated in their vessel walls(107), while 
other studies could not demonstrate such 
a response. Kobayashi, Waltz, and Rho- 
ton( 108) found that stimulation of the cer 
vical sympathetic trunk produced ipsilateral 
reduction of cerebral blood flow in cats as 
well as arteriolar constriction. Inappropriate 
or dissociated responses of cerebral blood 
flow and arteriolar caliber also occurred 
leading them to propose "that vessels 
smaller than 50 microns are largely respon 
sible for the regulation of cerebral blood 
flow (CBF), are innervated by sympathetic 
fibers, and may react to sympathetic stim 
ulation differently than do larger arterioles. 
Impairment of vascular reactivity by stimu 
lation may be an acute phenomenon in 
duced by repetitive vasoconstriction" (Ref. 
108 p 302). Wei et al on the other hand 
found that only arterioles larger than 100 
microns were responsive to stimulation and 
manifested a narrowing of the vessel cal 
iber (i.e., vasoconstriction). They found that 
physiological levels of experimental stim 
ulation produced an average of 7% reduc 
tion in vessel caliber with a maximum of 
18% under potentiated conditions. They 
concluded that such vasoconstriction could 
account for a "modest reduction in cerebral 
blood flow" (Ref. 107 p 654). 

As reported by Rubin et al( 109), a study

-Superior cervical ganglion 

ramus

V^^ / \——~ Mi

Intermediolateral 
columnC7

C8

Cervicothoracic 
ganglion T1

White ramus 
Figure 9.22. Sympathetic nerve supply in the cervical spine.



Vertebrogenic Headache 179

by Meyer et al'l 10; demonstrated a 30% 
decrease in the arteriaJ flow in the internal 
carotid artery in the monkey upon stimu 
lation of the cervical sympathetic trunk while 
Edvinsson et aJMOZ, found that regional 
cerebral blood flow is reduced in response 
to electrical stimulation of the cervical sym 
pathetic nerves and that the magnitude of 
this response was related to the amount of 
local perivascular innervation. It is agreed 
that numerous factors determine the arte 
rial response to sympathetic stimulation in 
cluding vessel sized 07) and the number 
of vasodilatory mechanisms and local cir 
culating metabdrtesf 106) (also see: 123— 
127, 129).

This brief review of the neurophysiolog- 
ical mechanisms of cerebrovascular regu 
lation prompts us to ask about its clinical 
relevance or application. It is obvious that 
if the vascular model of migraine is to be 
accepted, then these experiments support 
the contention that there is a role for the 
autonomic nervous system in the etiology 
of migraine. Rubin et al have written an 
important work that both reviews the im 
plications of the "autonomic theory" of mi 
graine and provides evidence in support of 
this theory. This theory is described as fol 
lows: "The neurological symptoms of the 
prodromal phase of classic migraine result 
from vasoconstriction due to the neurally 
released noradrenaltne acting on alpha and 
beta adrenoreceptors. The vessels ulti 
mately dilate possibry assisted by the pres 
ence of vasodilator metabolites accumu 
lated during the constrictor phase or perhaps 
by a reflex inhibition of the constrictor drive" 
(Ref. 109 P 40). This theory is markedly in 
contrast to the biochemical model that as 
serts the role of serotonin as derived from 
altered platelet membranes in the vasocon 
striction of cerebral arterioles( 111). Rubin 
et al measured pupfllary function and psy 
chological measures of neuroticism, anxi 
ety, and depression. They found a sym 
pathetic dysfunction consisting of a 
hypofunction of the sympathetic nervous 
system under stress in common mlgrai- 
neurs. This hypofunctional disturbance of 
autonomic tone was correlated with higher 
states of personality dysfunction, i.e., higher 
neurotic and depressive tendencies. They 
assert that since the autonomic nervous

system is the mediating system of emo 
tional behavior in the physiological milieu 
of the body, emotional disturbances might 
manifest themselves as a disturbance of 
autonomic regulatory tone sufficient to 
produce the episodic and acute disruptions 
in cerebrovascular circulation characteristic 
of migraine.

The vertebrogenic model of migraine ac 
cepts the "autonomic theory" but asserts a 
somatic/neurogenic source of disturbed 
autonomic regulatory function. Is there ex 
perimental support for this contention?

Bouquet et al(57) have studied somatic 
and vegetative parameters thought to be 
associated in the etiology of migraine. They 
studied trapezius muscle tone (by eletro- 
myography) and peripheral autonomic tone 
(by blood pressure, heart rate, and electri 
cal skin resistance) in 12 migraneurs and 
12 subjects with postconcussional vertigo. 
They found that trapezius muscle tone al 
ways increased on the side of increases in 
sympathetic tone that appeared in the pe 
riod antecedent to a migraine or vertigo 
crisis. Trapezius muscle hypertonicity was 
always ipsilateral to the side of pain in the 
migraineurs. The muscle tone increases were 
correlated with increases in vegetative tone. 
Bouquet et al proposed the following model 
to explain the interaction of somatic struc 
tures and the autonomic system in the gen 
esis of the migraine cascade: somatic dys 
function in the craniocervical region 
(consisting of muscular hypertonicity and 
joint/muscle nociception(66) creates dis 
turbed afference (noxious irritation), which 
leads to activation of the spinoreticular tract 
that produces central facilitation of the au 
tonomic system. From a behavioral point 
of view, this is experienced as tachycardia, 
increased aggressrvity. hypersudation, pe 
ripheral vasoconstriction, and increase in 
postural muscle tonus (i.e., the state of 
"sympathicotonia" of Korr)(95), (also see 
below). This produces an overall state of 
vascular dysregulation, an increase in post- 
synaptic excitation potentials that in the 
somatic motor pools, creates excess mus 
cular activity and, most surprisingly, a de- 
stabilization of the central aminergic sys 
tem with increased aminergic discharges. 
This would lead to deactivation of the cen 
tral pain inhibiting pathways and a vicious



180 Upper Cervical Syndrome

cycle of escalating dysfunction. Under po 
tentiated conditions, this would lead to ce 
rebral vasoconstriction via discharges from 
facilitated preganglionic cells.

These experimental findings are pre 
dicted by the "facilitation theory" of Korr(96), 
which states that nociceptive somatic input 
will facilitate the segmental effector pools 
(motor, autonomic, pain pathways) leading 
to abnormal input/output relationships. Hi- 
noki and Niki(l 12) have found that exces 
sive sympathetic discharge is a cause of 
muscular hypertonicity by causing overex- 
citation of /3-receptors in injured neck mus 
cles of subjects suffering from postwhiplash 
cervicogenic vertigo. These findings prob 
ably parallel those of Bouquet et al and 
allow us to conceptualize a vicious cycle of 
increased sympathetic and motor tone 
leading to transient cerebral vasoconstric 
tion and cervicogenic vertigo. When this 
information is integrated with that describ 
ing .the excitation of the peripheral sym 
pathetic trunks in the cervical region (es 
pecially the superior cervical ganglion and 
the "third neuronal sympathetic pathway," 
according to Vijayan(45), then a very plau 
sible mechanism emerges, which causally 
links somatic dysfunction to the autonomic 
disturbance that is responsible for the mi 
graine phenomenon.

This somatoautonomic model can also 
be integrated with the emerging neuronal 
model arising from the work of Lance et 
al(113), Bates et al(l 14) and De U Torre 
et al( 115) among others( 135).

This work involves the experimental de 
lineation of a neuronal center—the locus 
ceruleus—as the source of neural control 
of the migraine cascade. Their work on cats 
and monkeys has shown that low-fre 
quency stimulation of the locus ceruleus 
produces vasconstriction of the internal ce 
rebral vasculature; and increasing frequen 
cies of stimulation produce vasodilation of 
the external carotid artery and its branches. 
These changes are predominantly ipsilat- 
eral. The vasoconstriction was presumed to 
be effected by noradrenaline since "the lo 
cus ceruleus is known to project to the 
cerebral cortex via noradrenergic fi 
bers'^ 113). The vasodilation was found to 
be mediated by the facial and greater su 
perficial petrosal nerves "employing a non-

cholinergic transmitter agent." This work 
also highlights the importance of the tri- 
geminal nerve in the production of vaso 
dilation of the external carotid circulation 
and in the modulation and transmission of 
pain in the frontotemporal region, which is 
so typical a location for the migraine head 
ache. The trigeminal sensory system inter 
acts with the second-order neurons found 
in the first to third cervical neuromeres via 
the spinal tract of the trigeminus. These 
same second-order neurons receive pain 
afferents from the first to third cervical roots.

The locus ceruleus projects a noradren 
ergic pathway to the upper cervical spinal 
cord that inhibits pain transmission. Lance 
et al hypothesize that "an exhaustion phase" 
might occur in the locus ceruleus output 
via the descending inhibitory pathways, 
which would then allow the trigeminal sys 
tem to override vascular control and pain 
transmission systems thus effecting the mi 
graine cascade. Lance et al conclude that 
"since the locus ceruleus is a central ana 
logue of the sympathetic ganglia( 113), any 
of the accepted migraine triggers could 
influence locus ceruleus activity,"

In summary, two operational descrip 
tions consistent with the clinical and ex 
perimental literature can be proposed:

(1) Somatic dysfunction of the C7—T4 ver 
tebral levels causes joint pain and joint 
fixation. This leads to local segmental 
facilitation and consequently, to sus 
tained discharges from the sympa 
thetic chain. This leads to transient ce 
rebral ischemia, which under potentiated 
conditions, might reach a threshold level 
sufficient to create cerebral ischemia 
that then activates the migraine cas 
cade. Increased carecholamine levels 
would result from the subthreshold 
central excitation and would have di 
rect effects on platelet membranes.

(2) Somatic dysfunction in the upper cer 
vical spine-CO-C2 produces local pain 
and fixation. The upper cervical neu 
romeres become facilitated reducing 
the inhibitory effect of the descending 
pain pathways (at least one of which 
arises from the locus ceruleus) and in 
creasing the facilitation of the second- 
order neurons in rhe spinal tract of the



Vertebrogenic Headache 181

Psychogenic 
Stressors

Somatic 
Siressors

Autonomic 
Nervous 
System

Migraine

Figure 9.23. Somaroautonomic model of migraine etiology. Dotted line, somatosympathetic pos 
itive feedback cycle.

trigeminus. This leads to transient stim 
ulation of the locus ceruleus, which, 
upon reaching threshold levels, results 
in focal and spreading vasoconstriction 
in the intracerebral circulation, which 
then leads to a secondary vasodilation 
of the extracarotid circulation with cra 
nial pain being mediated by the ipsilat- 
eral trigeminal nerve.

Since, as Rubin et al have stated, emo 
tional or psychogenic factors are also ex 
tremely important correlates of autonomic 
dysfunction and migraine( 109), it is most 
appropriate to propose that the somatic 
and psychogenic components discussed 
above act in an integrated fashion, one 
potentiating the other in the manner de 
scribed in Figure 9.23.

The Vertebrogenic Model: An 
Integrated Model?

While the Ad Hoc Committee on Head 
ache definitions for muscle contraction, 
common and classical migraine, and mixed 
headache are undoubtedly distinct and, ex 
cepting the latter, nonoverlapping( 116 and 
136), there is a spectrum of thought on 
the etiology of benign headache types that 
ranges from a set of totally distinct etiolog- 
ical theories for each type to an integrated 
model that proposes a single underlying 
etiology or etiological complex for these 
various headache types. Exemplifying the 
former is the work of Oleson and his col 
leagues and Rose{l 17, 118, 119) in which 
it is proposed that even common and clas 
sical migraine are distinct both sympto- 
matically and etiologically. At the other end 
of the spectrum, Featherstone( 120) has 
asked whether muscle contraction head

ache and migraine are separate entities. He 
has proposed a "severity model" for which 
he supplies supportive data in the rinding 
that various clusters of different headache 
symptoms do not correlate well with spe 
cific diagnoses such as muscle contraction 
headache or migraine, but that severity of 
a large pool of common symptoms does 
distinguish the groups. Muscle contraction 
headache sufferers experience the same 
type of symptoms as do migraineurs, how 
ever, the symptoms are far less severe, and 
in some cases, insignificantly so, than those 
of migraine sufferers. Muscle contraction 
and common and classical migraine are 
then linked to one another on a severity 
spectrum from low to high (see Figure 9.24 
andRefs. 130, 131, 137).

Ramirez( 121) has recendy reviewed the 
biofeedback literature and draws attention 
to the tenuous nature of the assumption 
that muscle contraction headache results 
from increased tonicity of the craniocervical 
musculature. He cites differential and con 
tradictory results from the therapeutic lit 
erature, as well as evidence of a lack of 
'correspondence, between high-tension 
states and head pain and low-tension states 
and lack of head pain(122). His conclusion 
is consistent with that of this author, that 
"increments in muscle tension are an effect 
of headache pain rather than the cause" 
(Ref. 122 p 339). While he does not pro 
pose an alternative mechanism for the pro 
duction of headache pain, and while he ul 
timately favors psychosocial interventions 
in the treatment of headache, his articula 
tion of an emerging hypothesis debunking 
the traditional model of muscle contraction 
headache is supportive of the etiological 
mechanisms proposed by the vertebro- 
genic model, i.e., that headache pain is
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Figure 9.24. Headache severity model. 
Adapted from Fearherstone HJ. Migraine and 
muscle contraction headaches: a continuum. 
Headache 1985:25:194-198.

derived from noncranial sources of somatic 
pain, particularly from the upper cervical 
spine, which are referred to the cranial area. 

Can the vertebrogenic model be inter 
faced with the severity model? And if so, 
would this increase the validity of the model 
itself? it is my proposal that a mechanism 
can be proposed that fulfills the require

ments of the severity model, which are that 
a lower order activation of this mechanism 
would find, as its expression, muscle con 
traction headache and a higher order acti 
vation of the same mechanism would pro 
duce a set of consequences whose 
increasing severity would express itself as 
the migraine phenomenon. Simply put, this 
mechanism would have to produce, at one 
end of the spectrum, somatic head pain, 
and at the other end. somatic head pain 
plus vascular dysregulation. Figures 9.25 
and 9.26 depict a model that conceptually 
links somatic dysfunction with facilitation of 
the central nervous system, which in a pro 
gressive fashion, would produce the nec 
essary spectrum of events.

This model also allows us to propose 
that the somatic dysfunction-facilitation 
complex may act as a potentiator of other 
etiological processes. The effect of psycho- 
genie stressors on the craniocervical mus 
cles would be potentiated by coexisting 
somatic dysfunction. This would apply 
equally to the responsrveness of the sym 
pathetic system to a variety of stressors 
that have been causally linked to migraine.
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Facilitation theory of somatic dysfunction applied to a chiropractic model of benign
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Figure 9.26. Model of progressive facilitation applied to headache.

CONCLUSION.

It is the conclusion of this paper that the 
head pains of "muscle contraction head 
ache sufferers" may in fact be the pain 
referred to the cranium by somatic struc 
tures in the craniocervical region, (Fig. 9.27) 
and somatic dysfunctions in this same re 
gion may be responsible for the autonomic 
dysfunction of migraine. (Fig. 9.28).

This allows us to propose three catego 
ries of headache sufferers:

(1) Those in whom the vertebrogenic 
component is etiologicaL This group 
ideally will derive primary benefit from 
spinal manipulative therapy;

(2) Those in whom the vertebrogenic 
component is secondary but synergis- 
tic This group ideally could benefit from

STIMULUS TARGET RESPONSE

Somatic
(Joint)
Dysfunction All

Cervical
Musculature

Muscle
Contraction

Nerve" . 
Structures

Head 
Fain

Figure 9.27. Chiropractic model of muscle and contraction headache.
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Figure 9.28. Chiropractic model of migraine headache.

spinal manipulative therapy in conjunc 
tion with other therapeutic meaures; 

(3) Those in whom there was a negligible 
vertebrogenic component and for 
whom manipulation would provide no 
benefit

The challenge of the future is to design 
effective research strategies with the fol 
lowing objectives:

(1) To determine the clinical ramifications 
of the vertebrogenic model and to 
demonstrate to what extent chiroprac 
tic manipulative therapeutics might be 
efficacious in the treatment of benign 
headaches;

(2) To further explain the mechanisms 
whereby vertebral dysfunction might 
promote headache and spinal manip 
ulation might relieve it. As this is ac 
complished, the ultimate objective of 
integrating chiropractic management 
with orthodox therapies in the treat 
ment of benign headache will be ac 
complished
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ABSTRACT
The role of the cervical spine in headache remains 

controversial. Often confused as tension or common 
migraine headache, headaches arising from the neck 
pose a diagnostic and therapeutic challenge. Practition 
ers of spinal manipulation have reported very satisfac 
tory results, although the only published randomized 
controlled trial did not demonstrate that manipulation 
was significantly helpful. This article reviews the pub 
lished clinical studies of manipulation in the treatment 
of tension and migraine headaches. The topic of cervi 
cal headaches in general is reviewed and the current

model of cervicogenic headache is critiqued. A repre 
sentative case history is used to illustrate the thesis that 
the current model of cervicogenic headache may be too 
restrictive. The role of spinal manipulation as a trial of 
therapy in individual patients is also discussed. A ret 
rospective diagnosis of cervical headache can often be 
confirmed by a successful outcome. (J Manipulative 
Physiol Ther 1989; 12:455-468).

Key Indexing Terms: Spinal Manipulation, Cervical 
Spine, Headache. Clinical Studies.

INTRODUCTION
The role of the cervical spine in the etiology of 

headache remains controversial and confusing. The 
standard medical etiological paradigm of migraine is 
accepted as vascular (I)? and that of muscle contraction 
as psychosomatic (1). It thus can be understood that 
the contribution of the somatic structures of the cranio- 
cervical spine has largely been ignored by most, consid 
ered to be of minor significance by some, and empha 
sized by only a very few. Even so, the body of literature 
supporting a cervicogenic origin of headache is substan 
tial, and the case made for greater recognition of the 
involvement of the cervical spine is compelling. Recent 
writers addressing this issue, including Bogduk (2-4), 
Edmeads (5), Farina et al. (6) and Sjaastad and his 
colleagues (7-9). have added much to our current un 
derstanding. However, even these authors appear to
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have included only a small portion of the supportive 
literature in their reports, leaving a diminished sense of 
the historical attention and the current clinical impor 
tance of this category of headaches.

This article has two main objectives. The first is to 
present a complete review of the data from clinical 
studies investigating the effect of spinal manipulation 
and the methods of investigation of its practitioners in 
the treatment of headaches. The second objective is to 
present a critical review of the current literature on 
what has come to be called "cervicogenic headache." 
By reviewing the above and by presenting an illustrative 
case history, an argument will be made that the current 
description of "cervicogenic headache"1 attributed to 
Sjaastad et al. may be too narrow, and its use too 
restrictive.

DISCUSSION

Muscle Contraction Headache
In 1971 Lewit (10) studied 41 late adolescents (21 

females and 20 males) who had sustained cervical spine 
anteflexion injuries in gymnastic activities and who 
were now suffering from headache. Seventy-one percent 
of these subjects were found to have "fixation" (of the 
craniocervical joints) compared to 53^t who were found 
to have hypermobility. Throughout this discussion, fix 
ation will be defined as a reversible restriction of the 
spinal motion segment (11), while hypermobility will
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refer to an increase in motion short of frank instability. 
Lewit reported that manipulation was to be the single 
most effective treatment from a number of physical 
modalities. In this same study Lewit also reported on a 
series of 93 adults who had sustained head/neck 
trauma. Ninety-six percent of these subjects demon 
strated movement restriction in the upper cervical 
spine. Again manipulation was reported to be very 
successful in treating the headache associated with these 
injuries.

In 1980 Ng (12) investigated the association between 
static vertebral misalignment, as viewed on plain film 
X-rays, and the incidence of occipital headache. Thirty- 
eight subjects suffering exclusively from occipital head 
ache were studied (10 males, 28 females). These subjects 
were compared to an age and sex-matched control 
group. Lateral inclinations of Cl, C2 and C3 were 
measured using a standardized X-ray marking tech 
nique. Lateral curvature of the entire cervical spine was 
also measured. Statistically significant differences were 
found between headache sufferers and controls in the 
incidence and degree of lateral tilting at Cl and C3, 
while a tendency toward a similar distortion existed at 
C2. No differences were found in the lateral spinal 
curve in the two groups. Ng concluded that abnormal 
ities of alignment of the upper cervical spine may be 
associated with occipital headaches.

Mannen (13). reported a single-case study in which 
nonvascular headache was relieved by a course of chi 
ropractic treatment.

Vernon (14), in a descriptive survey, studied two 
groups of headache sufferers presenting at a chiropractic 
college outpatient clinic. One group (« = 15) was stud 
ied retrospectively by mail survey, while the other group 
(n = 18) was studied prospectively within the clinic. 
Headache sufferers were asked to rate the level of 
headache frequency, duration and severity, as well as 
the presence of four symptoms; nausea, dizziness, tin 
nitus and aura. Subjects were also asked to rate the 
level of subjective improvement by rating their response 
to three questions. These ratings were made for the 
condition before and after treatment:

1. How much improvement did they obtain?
2. How satisfied were they with chiropractic treat 

ment?
3. Would they return for similar chiropractic treat 

ments?
These ratings formed a satisfaction index (scored out 
of 15).

In the prospective group, a fixed number of treat 
ments (nine) was used. The results of the study in both

the retrospective and prospective groups demonstrated 
statistically significant reductions in all headache-re- 
lated activity. The satisfaction index scores range from 
12.2-12.7 out of 15, or 90%. Of the seven subjects who 
reported nausea present prior to treatment, 100% were 
relieved of the symptom. Similarly. 8/> or 94% of sub 
jects reporting dizziness reported complete relief.

In 1984, Schimek and Mohr (15) conducted a de 
scriptive survey of 78 patients with chronic headache. 
It is assumed that these subjects were suffering from 
benign headaches of the muscle contraction, migraine 
or mixed types. The approach taken in this study was 
to determine the characteristics of these patients at 
presentation to a manual therapy clinic as opposed to 
the outcome of manipulative treatment. The clinic 
investigation employed in this study included a deter 
mination of the presence of active and latent trigger 
points, the presence and degree of "vertebral fixation", 
patterns of referred pain and patterns of X-ray findings 
in the cervical spine. These authors conclude their study 
with the following statements: "... pathological noci- 
ceptive impulses from a blocked joint increase, reflexly, 
muscle tension in certain neck muscles. Referred pain 
develops which may be correlated with a certain area 
of the head ... Vertebral dysfunction is of primary 
importance in the development of chronic headache 
and is considered to be its generator... (15)."

Miller et al. (16), reported on a single case-study of 
"long-standing, uncomplicated tension headache." Ac 
cording to the authors 13 adjustive treatments were 
rendered resulting in a reduction in headache frequency 
from 2.6/day to 1.0/day within 1 week. Use of analgesic 
medication similarly decreased.

In 1985, Jirout (17) reported on 200 patients who 
had previously been involved in a roentgenological 
study of motion blockage or fixation at the C2-C3 
segment. Ninety percent of the subjects with this ver 
tebral dysfunction reported the presence of headaches. 
Manipulation directed to the areas of fixation resulted 
in complete relief in approximately 80% of this sample.

Droz and Crot (in 1985) reported on chiropractic 
care of "occipital headaches (18). They conducted a 
retrospective survey of clinic files from 1962-1963, and 
1973-1983. Of approximately 10,000 patients files sur 
veyed, 332 (approximately 3%) were found to suffer 
from "occipital headaches." Average numbers of treat 
ments and case outcomes were compiled. The average 
number of treatments was nine. Treatment outcome 
was rated as very good (90% relief), good (75%), slightly 
better (50%). same or worse. Eighty percent of the 
sample had a very good result, while 10% had a good 
and 3% had a slightly better outcome. As such, 93%
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had a positive treatment outcome, while 7% had no 
improvement. Droz noted that the vast majority of 
successful cases had no more than 10-15 treatments, 
so that treatment success can be achieved quickly, but 
in cases where the number of treatments exceeds 15, a 
poorer prognosis is to be expected.

Most recently, Turk and Ratkolb (19) reported on 
100 cases of headaches attributable to the cervical spine 
treated by manipulation. Nine manipulative treatments 
produced significant reduction of headaches in 75% of 
subjects. At 6-month followup 65% still had significant 
improvement while 35% had recurrence of symptoms. 
A significant reduction in analgesic use was also noted.

In summary, the research literature includes six de 
scriptive surveys (two in the paper by Lewit) of treat 
ment outcome and three studies describing the char 
acteristics of vertebrogenic dysfunction in chronic be 
nign headache sufferers. Included in these are one study 
noting an association between findings of segmental 
misalignment on static X-ray studies of the upper cer 
vical spine and two studies noting the association of 
upper cervical vertebral motion dysfunction (fixation) 
with chronic headaches (Table 1).

Migraine Headaches
In 1964, Figar and Jansky (20) studied vascular re 

flexes of subjects who suffered from what they termed 
"vertebrogenic migraine." Vascular reflexes were stud 
ied by photoplethysmography of the superficial tem 
poral artery. Both the resting state levels and those 
evoked as a response to external stressors were studied. 
Subjects were stimulated by loud noise, mental arith 
metic, and nociceptive stresses. Nine migraine patients 
were compared to nine age-matched control subjects. 
Subjects were studied between headaches. In the normal

controls, the vasomotor response of the superficial tem 
poral artery was uniformly and bilaterally vasodilatory. 
In the patient group. 23% showed parallel vasoconstric- 
tion, while numerous others showed asymmetric reac 
tions. The authors concluded that vertebrogenic mi 
graine is associated with abnormal cerebrovascular tone 
and regulation.

A landmark descriptive survey of a chiropractor's 
clinical experience in the treatment of migraine was 
reported by Wight in 1978 (21). In this study, 87 
patients (57 females and 30 males) were included, 34 
with common migraine and 53 with classical migraine. 
The results of chiropractic treatment were as' follows. 
In the common migraine group, 85% of the females 
and 50% of the males were greatly improved. In the 
classical migraine group, 78% of the females and 75% 
of the males were greatly improved. The overall success 
rate for both migraine categories for both sexes was 
74.7%. In those not reporting a greatly improved status 
after treatment a reduction of severe attacks was 
achieved for 81.5% of females and 45.8% of the males 
in the common migraine group, and 43.25fc and 34.5%, 
respectively, in the classical migraine group.

The most important study, and, indeed the only 
randomized clinical trial of chiropractic manipulation 
and migraine, was conducted by Parker et al. in 1978 
(22). In this study. 85 subjects (33 males. 52 females) 
with a mean age of 41 years and mean duration of 
headache symptoms of 19 years were randomly allo 
cated to three treatment groups. Of these subjects, 70% 
suffered common migraine while 30% suffered classical 
migraine. The treatment consisted of chiropractic ma 
nipulation, medical manipulation, and a control/mo 
bilization performed by physiotherapists. Subjects 
underwent a 2-month pretreatment stage, a 2-month 
treatment stage, and a further 2-month follow-up

TABLE 1. Summary of cfinical studies of spinal manipulation and headaches

Author

l_6Wlt

Lewit

Vemon
Jirout
Droz & Crot
Turk & Ratkolb

Parker, Tupling &

Total subjects: 971
Average Outcome: 71% ( '

Date

1971

1971

1983
1985
1985
1987
1978

Pryor 1978

w/o Parker et al. = 80%)

Manipulators 
(MD, DC)
MD

MD

DC
MD
DC
MD
DC
MD&DC

# Subjects

41

93

33
200
332
100
87 (57F, 30M)
85 (52F, 33M)

HA

MC

MC

MC
MC
Occipital
MC
MIG
MIG

Results

Manipulation was most
effective treatment

Manipulation most ef
fective

85-90% success
60% success
80% very successful
75% success
75% success
28% success 

47% (2 yr follow-up)
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period. An average of seven treatments were performed 
in the treatment phase. The mean improvement level 
for all three groups was 28%. Only one hypothesis (that 
headache severity (i.e., pain intensity) would be reduced 
in the chiropractic manipulation group) achieved an 
acceptable level of statistical significance (0.01). Meas 
ures of treatment expectation of the subjects and the 
treators indicated a higher degree of expectation of 
treatment response by the patients and the chiroprac 
tors in the chiropractic manipulation group. The au 
thors concluded that such high expectations had a direct 
effect on pain ratings and, as such, the finding that a 
single significant hypothesis did attribute treatment suc 
cess to chiropractors was probably due to a placebo- 
type response.

This study was the subject of much criticism and 
independent review. An independent statistical con 
sultant was commissioned by the New Zealand Com 
mission on. Chiropractic (23) and asked to revise the 
statistical tests in order to more properly analyze the 
available data. Several problems were delineated, which 
in the opinion of the consultant, contributed to the 
negative findings of the clinical trial. First, the control 
group did in fact receive a form of treatment, i.e., 
mobilization, so that a true treatment vs. no treatment 
comparison could not be conducted. Second, the alpha 
level of 0.01 was very stringent, even higher than that 
of many medical clinical trials. Third, some of the 
statistical tests were inappropriate. A revision of the 
statistical analysis was performed which did not pro 
duce an acceptable level of statistical significance in 
any of the hypotheses, even at a lowered (0.05) alpha 
level. However, the consultant noted the subjects in the 
chiropractic manipulation group consistently scored 
higher in every rating than did the other two groups. 
Given that a relatively low number of treatments was 
performed on average (seven), and that the chiropractic 
manipulation group was favored in all of the statistical 
tests, the consultant concluded that the study had a low 
power. This meant that it was not designed effectively 
enough to detect a difference between treatment groups 
when such a difference might, in fact, have been pres 
ent.

A follow-up study was published in 1980 by Parker 
and his colleagues as a response to his critics (24). It 
was noted that at a 20-month follow-up period, a 
further 19% of subjects had achieved an improved 
rating. This constituted a 47% success rate for manual 
therapy in the treatment of migraine. An interesting 
aspect of the data which did not receive statistical 
analysis was that 14 onhe subjects in the study achieved 
a complete recovery. Of these, eight received chiroprac

tic manipulation: one received medical manipulation; 
and five were in the control/mobilization groups (Ver- 
non H, unpublished data).

This follow-up study attempted to correlate certain 
psychosocial variables with treatment success. Only one 
variable (sex) achieved the appropriate level of statisti 
cal significance to be accepted as a correlate of thera 
peutic success (0.01). In this regard, females responded 
better than males to the forms of manual therapy 
studied by Parker et al.

It should be evident from the preceding discussion 
that the "Parker clinical trial" raised more questions 
than it provided answers for. It appears to have been a 
study with very worthwhile intentions, which fell heir 
to an important but often overlooked error known as 
Type B error (25). Upon reflection, a 47% total success 
rate, with the chiropractic group producing a signifi 
cantly larger number of complete recoveries is an im 
pressive set of findings which should encourage further 
study.

Sachse and Eckhardt (26) reported on 22 migraine 
patients in which a structural assessment very similar 
to a chiropractic clinical examination was conducted. 
They found the most frequent segmental fixations to 
be CO-C1 and C7-T1, as well as in the first costoverte- 
bral joint (first rib fixation). They found the most severe 
tenderness to palpation present in the shoulder (scap 
ular) region and over the posterior arch of atlas. The 
most severe muscle hypertonicity was found in the 
trapezius and levator scapula muscles.

Cervical Headaches: Review of Theoretical and 
Descriptive Models

Barre (1926) (27) and Lieou (1928) (28) were among 
the first to implicate the cervical spine in the genesis of 
a wide array of neurological symptoms, foremost which 
were headache and vertigo. In their writings, irritation 
of the cervical sympathetic system was linked to circu 
lation disturbances, primarily as a disturbance of va- 
somotor tone, in ihe distributions of the vertebral artery 
or the internal auditory artery.

In 1948, Barschi-Rochaix (29) coined the term "mi 
graine cervicale" to describe a type of headache, poten 
tially very severe in character, which was caused by 
disturbances of the cervical spine. The impact of these 
mechanical disturbances was thought to be mediated 
through the autonomic nervous system. At this stage of 
its development, the vertebrogenic theory focused 
largely on changes in the vertebral artery and the re 
sultant symptomatology arising from transient ische 
mia of the posterior cranial structures.

Following Bartschi-Rochaix, Beckwith (30.31),
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Hunter and Mayfield (32), Geiger (33), Gayral and 
Neuwirth (34, 35), and Skillern (36) addressed the topic. 
Kovacs (37) summarized the emergent model in his 
article entitled "Subluxation and deformation of the 
cervical apophyseal joints: a contribution to the etiology 
of headaches." He bridged the gap between theories 
focusing largely on the arterial system as it was affected 
by the neck structures, and those which expanded to 
include the nervous system more directly as a source of 
mediation between the spine and pain or disturbances 
about the head. However, Kovacs went further than 
these structural considerations by emphasizing the role 
of functional changes in intervertebral joint behavior. 
He proposed a sequence of events which lead to joint 
derangement, namely that restriction and disturbance 
of joint motion would lead to reflex muscle spasm 
which would alter the curve of the cervical spine and 
accelerate degenerative changes which would then com 
promise the vertebral artery and nerves. This shift to a 
functional perspective is pivotal in the development of 
the modern vertebrogenic model.

The landmark work of Ruth Jackson appeared in 
1958 (38). It reiterated that headache and a variety of 
neuro-otological symptoms were found to be attribut 
able to direct mechanical irritation of the ascending 
posterior cervical sympathetic system, especially (and, 
perhaps, too exclusively) in the typical trauma of the 
cervical spine, namely the whiplash injury. Seletz's 
work "Headache of extra-cranial origin" (39) also ap 
peared in 1958. In it, he both summarized the existing 
model of vertebrogenic effects on the arterial supply to 
the cranium and proposed what we might call a neu- 
rogenic model arising from vertebral derangements. In 
this neurogenic model, Seletz emphasized the following.

1. The uncovertebral joints may directly irritate the 
cervical nerve roots and thus cause pain and mus 
cular dysfunction.

2. Noxious stimulations from the cervical joints and 
muscles might produce reflex irritation of the 
spinal accessory nerve (XI) and thus produce 
spasm of the sternocleidomastoid and trapezius 
muscles inducing a local occipital headache syn 
drome.

3. Such spasms of the trapezius muscle may produce 
entrapment and give rise to unilateral occipital 
neuralgic headache.

The most important contribution to this neurogenic 
model arose from Seletz's discussion of a mechanism 
which had been discussed 3 years earlier by Skillern 
(36) involving the connections in the spinal cord be

tween the sensory pathways of Cl and C2 and the 
second order neurons of the spinal tract of the trigem- 
inal nerve. This convergence of the peripheral sensory 
pathway from the joints of the upper cervical spine 
with the sensory projection involving the cranial distri 
butions of the trigeminal nerve creates the most fertile 
mechanism for head pains to arise from the structures 
of the neck.

Grillo (40), writing in the Swiss Anna! of Chiropractic 
II on the "Differential diagnosis of therapy and head 
ache", presented a complete review of the knowledge 
of the day on what he termed "vertebragenous head 
aches." He described these as a syndrome of neck- 
cranial-facial pains, presenting unilaterally, with ten 
derness in the suboccipital region and with associated 
"neurovegetative symptoms." He proposed that the 
major cause of this syndrome was mechanical irritation 
of the nerve roots, particularly in the foraminal envi 
rons.

Boake (41) provided a thorough description of the 
"cervical headache" as being unilateral, of chronic du 
ration, with maximal pain in the fronto-orbital distri 
bution while occiptal pain is always present, associated 
with neck stiffness, tenderness and spasm over the facet 
joints of C2 and C3 and with "trigger radiations" pos 
sibly present. He proposed that this sort of headache 
was responsible for 70% of all headaches seen by med 
ical doctors.

He also proposed a number of mechanisms to explain 
the etiology of cervical headache. It is interesting to 
note how his proposals amalgamated those of the pre 
vious vascular model and extended the neurogenic 
model. He proposed that the major cause of cervical 
headache was trauma to the apophyseal joints of the 
upper cervical spine, leading to joint fixation or restric 
tion of motion. In his view, muscle spasms associated 
with the craniocervical region, and which were typically 
associated with headache of the "tension" type, were 
secondary to these joint disturbances. Boake further 
emphasized the convergence of sensory input from Cl 
and C2 with spinal tract of the fifth cranial nerve, as 
well as the role of the postganglionic sympathetic fibers 
from the superior cervical ganglion.

Edmead's authoritative report (5) reviewed a number 
of mechanisms proposed to explain the role of cervical 
spine disorders in headache. Edmeads cites degenera 
tive joint disease, myofascial pain and entrapment of 
the greater occipital nerve, mechanical irritation of the 
Cl and C2 nerve roots, the vertebral nerve, and the 
postganglionic sympathetic chain as potential periph 
eral sources of cervical spine dysfunction capable of 
producing headache. The role of the spinal tract of the
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trigeminal nerve (V) is given special consideration as a 
central convergence mechanism whereby referred head 
pains, particularly in the distribution of the opthalmic 
division, might arise as a result of noxious irritation in 
the upper cervical spine.

Bogduk (2) reviewed the previous literature and re 
sponded to the criticism generated by the "Parker" 
clinical trial in which chiropractic treatment of mi 
graine was investigated. It is this response which forms 
the basis of his position on the vertebrogenic model of 
headache. In "Cervical manipulation and headache" 
(2), Bogduk initially debunked the concept of a "cervi 
cal migraine" citing the obvious biochemical and auto- 
nomic mechanisms for which, at that time, he failed to 
find any justified correlation with the cervical spine. 
This is in spite of the fact that he provided an excellent 
review of the mechanisms previously proposed to ex 
plain the "cervical migraine" phenomenon^i.e., he cited 
Bartschi-Rochaix's work, and he noted that mechanical 
irritation of the vertebral artery, vertebral nerve and 
the ascending sympathetic chain can initiate an "auto- 
nomic barrage" sufficient to create cerebral vasospasm. 
As well, he accepted Kovac's contention that subluxa- 
tion of the cervical apophyseal joints might compromise 
these structures (37). However, he reserved his most 
enthusiastic support for the role of the apophyseal joints 
in nonmigraine headache. He asserted a direct, causa 
tive role for mechanical derangements of the cervical 
apophyseal and most importantly, craniocervical syn- 
ovial joints in the production of headache. This me 
chanical derangement is characterized as a "chronic 
hypomobility", previously referred to as a fixation. This 
mechanism allows for an explanation of the role of the 
cervical spine in headache in a much younger popula 
tion, contrary to the limitations of the "degenerative 
disease" model proposed by Edmeads.

Bogduk does, in fact, include osteoarthritic afflictions 
of the apophyseal joints in the group of mechanisms of 
headache production attributable to the cervical spine. 
He includes derangements arising from meniscoid en- 
trapments as well, but this is seen as a secondary 
mechanism of joint hypomobility.

The contribution of Sjaastad and his colleagues con 
sists of a series of studies from 1983-1987 on what he 
has termed "cervicogenic headache" (7-9). This is de 
scribed as a variant of the chronic paroxysmal headache 
which is almost always unilateral, accompanied by 
autonomic symptoms and provocable by movements 
of the head and neck: primarily forward flexion. Sjaas 
tad has proposed that this headache may be due to 
entrapment of the occipital nerve or to a C2-C3 rhizo- 
pathy and that this diagnosis may be greatly under-

reported (9). This description, purported to be quite 
recent in its discovery, is remarkably reminiscent of 
Grille's description of vertebragenous headache in 
1961, and Boake's description in 1972.

Since Sjaastad et al.'s first article (1983), two others 
by he and his colleagues (8, 9), and articles by Farina 
et al. (6) and Pfaffenrath et al. (42) have appeared, 
which together form a cohesive collection on "cervico- 
genie headache." Both Farina et al.. and Pfaffenrath et 
al. attribute the first use of the term "cervicogenic" to 
Sjaastad et al. in 1983.

The present author has conducted a citation review 
of articles written prior to 1983, which specifically dealt 
with headache arising from the cervical spine, and 
which formed the literature base for both the original 
article by Sjaastad et al. and its successors. Numerous 
other studies written since 1983 are cited by all the 
other authors after the 1983 article, but these will not 
be considered in this report. Sjaastad et al. (in the

Figure 1. Neutral A-P \ie\v of lower cervical spine. Right offset «f 
C2 spinous process is just visible (arrow).
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original article) refer to 16 such studies (2-5, 27, 32, 
43-52), chiefly the works of Bartschi-Rochaix, (43). 
Bogduk, (2-4, 44), Hunter and Mayfield (32) and Barre 
(27). Four other "cervicogenic" articles are added, by 
Farina et al.; the work of Maigne (53) and Ehni (54, 
55); and PfafTenrath 'et al., refers to the works of Pawl 
(56), Travel (57) and Newill (58). Altogether, this small 
but coherent body of work on "cervicogenic headache" 
has cited 21 references prior to 1983. Of these, seven 
are concerned with surgical approaches to treatment 
(45-49, 51, 56) and are not material to the issue of 
conservative treatment herein addressed. Only five au 
thors; Barre, Bartschi-Rochaix, Hunter and Mayfield, 
and Bogduk, are referenced in all five articles. These 
studies may then be said to form the core of the 
supportive literature of the "cervicogenic headache" 
group. The total number of patients reported on by this 
group is 47.

Sjaastad et aL have reviewed the cases presented by 
Hunter and Mayfield, and have concluded that they

appear sufficiently similar to the current descriptive 
profile of cervicogenic headache as to justify tacit ac 
ceptance of this case series as predating that of the first 
of Sjaastad et al.'s articles.

Both Banschi-Rochaiz and Bogduk are cited as hav 
ing used a term related to the cervical spine (i.e., 
"migraine cervical" in the former case, and "cervical 
headache" in the latter), and of having provided a 
conceptualization of mechanisms involved in this type 
of headache (52, 59). Bogduk is also cited as providing 
evidence of therapeutic success in the use of anaesthetic 
blocking in the suboccipital region (44), although this 
work appeared just prior to Sjaastad et al.'s first work.

The present author has also conducted a broad liter 
ature and citation search on the topic of headaches and 
the cervical spine. Such literature was found in com 
puterized data bases, in specialized but readily available 
textual data bases, or in citations of works which arise 
from these two sources. Some of this work has been 
reviewed above. In all, 42 references dealing directly

Figure :. Open-mouth A-P view of upper cervical spine. Right offset ofC2 spinous process is marked by arrow.



462 Journal of Manipulative and Physiological Therapeutics 
Volume 12'Number 6 •December, 1989 
MANIPULATION AND HEADACHE • VERNON

with the topic of headache arising from the cervical 
spine, have been accumulated in the period prior to 
1983, which have not been cited by the "cervicogenic 
headache" group (2, 10, 14, 20-22, 26, 30, 31, 33, 34, 
36-41, 57, 60-83). Thirty of these articles have been 
written by medical doctors (only eight by specialists in 
manual medicine), five by osteopaths, five by chiro 
practors, and two by physiotherapists. No doubt addi 
tional articles exist as well. Chapters or sections in texts 
and presentations at conferences have not been in 
cluded in this reference list, although these would un 
doubtedly increase the total literature base.

The importance of this unmentioned body of litera 
ture is two-fold. First, the extent of recognition of the 
role of the cervical spine is far greater than has been 
acknowledged by the "cervicogenic headache" group. 
As described in the discussion above, an understanding 
of this contribution has evolved since the original work 
of Barre (27) and Lieou (28) first having been framed 
as a vascular disorder, subsequently as a neurogenic, 
then somatic, and finally as a combined neurogenic/ 
somatic disorder of considerable complexity and with 
variable clinical manifestations. Each of the authors in 
this unacknowledged literature base has elaborated or 
emphasized on one or another important factor con 
tributing to the final cohesive picture. A good example 
is the work of Skillern (36). He described this headache 
type as the "greater occipital trigeminal syndrome", but 
most importantly he was the first author to note the 
importance of the connections between the descending 
spinal tract of the V cranial nerve and the upper cervical 
nerve roots. This connection is now accepted as the 
neuroanatomical basis for referred cranial pain from 
the neck as described by Pfaffenrath et al. (42). Unfor 
tunately these authors, and the others as well, fail to 
mention Skillern's work.

Secondly, if one reviews the breadth of this literature 
it is apparent that the clinical manifestations of head 
aches arising from the cervical spine vary considerably 
and are more extensive than that which is currently 
described as "cervicogenic". While the most typical 
clinical picture which emerges is of a unilateral head 
ache, bilaterality is commonly acknowledged. Cervical 
headaches have been described both with and without 
an accompanying occipital, suboccipital or cervical 
component, or in other words, a frontotemporal, or 
bital, or commonly, as a vertex type of headache. 
Autonomic symptoms are not a prerequisite although 
they are acknowledged by many previous authors as a 
frequent accompaniment. This clinical picture mimics 
both the conventional "tension" and "common mi 
graine" categories, and the resulting diagnostic confu

sion has been described by numerous authors, perhaps 
most eloquently by Frykholm who has written: "In my 
experience, cervical migraine is the type of headache 
most frequently seen in general practice and also the 
type most frequently misinterpreted. It is usually erro 
neously diagnosed as classical migraine, tension head 
ache, vascular headache, hypertensive encephalopathy 
or posttraumatic encephalopathy. Such patients have' 
usually received an inadequate treatment and have 
often become neurotic and drug-dependent" (60).

Cervical headaches have also been described by nu 
merous authors as being far more prevalent than is 
recognized by the "cervicogenic headache" group. Both 
Boake (41) and Frykholm (60) state that this type of 
headache represents 70% of all headaches seen by gen 
eral practitioners.

The situation described above is in distinct contrast 
to the restrictive profile of "cervicogenic headache." In 
their defense, Fredrickson et al. (9). and Sjaastad et al.

' ^•^^••MM^^^l^^M^HM^^^^B^^^VK •

Figure 3. Neutral lateral view. Note inferior position of atlas poste 
rior arch.
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(7, 8) cite their desire to apply this diagnostic label only 
to a precise clinical entity with features as exclusive of 
other headache types as possible. Unfortunately, as even 
Sjaastad et al. (8) have recognized that this is an admi 
rable if improbable goal. His 1986 editorial acknowl 
edges the tremendous potential overlap between "cer- 
vicogenic", tension and common migraine headaches. 
Diagnostic precision will likely remain elusive, except 
in circumstances where a therapeutic trial is included 
in the diagnosis. As indomethacin response is used to 
rule out chronic paroxysmal headache so therapeutic 
measures directed to the cervical spine remain a potent 
source of retrospective diagnostic confirmation. Bog- 
duk (44) and others have confirmed this for therapeutic 
nerve and facet blocks. The literature review cited above 
adds support to the role of spinal manipulation in the 
diagnosis and treatment of cervical headache.

The following case history is illustrative of both the 
diagnostic and therapeutic challenges involved in pa 
tients with cervical headache.

A 26-yr-old female homemaker reported to our clinic

initially complaining of right-sided suboccipital pain of 
two day's duration which had appeared suddenly upon 
awakening. The pain was a constant severe ache punc 
tuated by sharp stabs of focal pain upon head/neck 
movements. The patient denied any past history of 
neck or suboccipital pain or discomfort but upon fur 
ther questioning gave a much longer history of inter 
mittent headaches which she described as "migraine", 
which were in fact bilateral, frontal headaches some 
times accompanied by nausea, but never accompanied 
by an aura or any other premonitory symptom. These 
headaches generally started as milder frontal pain with 
no posterior (Le., occipital or neck) pain. Most often 
(3-4/wk) the headache remained at this level of inten 
sity. She described these as "tension headaches."

Less frequently the headache progressed in pain, still 
bilaterally, to a much more severe level of intensity, 
accompanied by nausea, which significantly disturbed 
her activities of daily living and for which analgesic 
medications were often poorly effective.

Upon examination, exquisite tenderness to palpation

Figure 4. Note suspected spasm of inferior obliquus on the right.
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was noted in the suboccipital region on the right. In 
particular deep palpation of the inferior oblique muscle 
from the tip of the C2 spinous process superior-laterally 
to the tip of the transverse process of Cl elicited the 
most severe replication of her pain. Rotation of the 
head to the right was restricted by 75%. Forward flexion 
of the head was restricted by 50%, these movements 
recreating the focal suboccipital pain. X-rays of the 
cervical spine were obtained in the neutral and dynamic 
views (Figure 1-6). The neutral A-P suboccipital view 
shows marked offset of the C2 spinous process to the 
right, interpreted to indicate rotation of C2 to the left. 
The lateral view demonstrated an inferior positioning 
of the posterior arch of Cl, interpreted to indicate a 
backward nodding of Cl in the neutral position. Com 
bined together these static X-ray findings of vertebral 
malpositioning are interpreted to reveal involvement of 
the inferior oblique muscle, in spasm around the Cl- 
C2 articulation on the right (Figure 4). The dynamic

Figure 5. Flexion view (see text).

Figure 6. Extension view (see text).

views reveal some forward tipping of Cl on C2 in 
flexion, although less than the same motion at CO-C1. 

This clinical picture evokes confusion preventing a 
precise diagnosis. The chronic headache picture could 
be described as a "mixed headache" or it could be 
described as intermittently severe, common migraine. 
When the unilateral suboccipital pain is superimposed, 
does this resemble, if only for the short duration of the 
combined problem, a bilateral cervicogenic headache? 
If not, and since the headache was not precipitated by 
the suboccipital pain, are they two separate entities? It 
would appear so. and as such they could at best be 
described as coincidental. However, the response to 
treatment further complicates the picture. This patient 
was treated with a series of manipulations delivered as 
high velocity, low amplitude adjustive thrusts to the 
C1-C2 and C2-C3 segments on the right. As Figures? 
and 8 demonstrate, not only was relief of suboccipital 
pain obtained very quickly, but there was also a com 
plete remission of headaches of both varieties which
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had lasted for 2 months until the patient was discharged 
from treatment.

One hypothesis to explain this somewhat confusing 
clinical picture is that the segmental dysfunction of Cl- 
C2 did not commence suddenly and was in fact present 
prior to the incidence of acute suboccipital pain, acting 
as the cause of the headache complaint in this patient 
and as a referred pain syndrome (84, 85). Since patients 
very often apply diagnostic labels incorrectly and as a 
product solely of their own self-perceptions of pain, this 
patient labelled herself as a "tension/migraine" sufferer 
and had no sense of the contribution of a suboccipital 
component. If this is reinforced by health care practi 
tioners it becomes a self-fulfilling prophecy. Any sug 
gestion to the contrary would have been viewed with 
deep suspicion. Only when an apparently unrelated 
event occurred did the patient seek alternative treat 
ment. The latent C1-C2 dysfunction was exacerbated 
acutely in the manner typical of benign, acute torticol 
lis. The therapeutic intervention delivered for this latter 
complaint then connected the two separate pain com 
ponents into one meaningful, if retrospective, whole.

This complaint is dissimilar to the "cervicogenic 
headache" of Sjaastad in the following ways: The head 
aches were bilateral; a suboccipital component was 
absent, as was aggravation by forward flexion and nau 
sea was only infrequently present while other auto- 
nomic symptoms appeared not to be involved (they 
were denied in the history). Since the criteria for cervi 
cogenic headache are presently applied quite rigorously 
(8, 9) this headache would not have been so diagnosed. 
Yet this case is quite typical of the kind of headache 
previously described in the clinical studies of manipu 
lation, and. by its excellent response to manipulation, 
would most decidedly be described as "of cervical ori 
gin."

CONCLUSION
Sjaastad and his colleagues have proposed a C2-C3 

rhizopathy as one etiology of a currently narrowly 
defined headache category known as "cervicogenic." 
Practitioners of manipulative therapy, especially chi 
ropractors, have characterized the rhizopathic condi 
tion on functional grounds to include disturbances of 
segmental alignment, motion and muscle tone, as well 
as focal joint pain arising from the apophyseal nocicep- 
tors (86). Referred pain may radiate from this lesion. 
In the case of the cranio-cervical joints, these referred 
pain patterns may project anteriorly, thereby mimick 
ing headache spates. In the patient reported herein as in 
many others described in the literature, the rhizopathy

MUSCLE 
CONTRAC 
TION
HEADACHE

-Nretmiacte
biofctdhKfc

. BiofMjbacfc
l» postural
portion.

-TENSMd
acupuncture

WYOFASC1AL 
HEAD AND 
NECK PAIN

- Tnvell And
. Simons

'- Graff-KjdCord
: at!

CERVICAL OCOmAL 
$rOMDYL- NEtK-MCIC 
OSI5 iVASHNTS

\
- Edraadi \

\
- r«ificij \\

\
>

CERVICC- 
GENIC 
HEADACHE

- ^iajstdd

//
\\/

CERVICAL v| 
HEADACHE »|

•Bojdul .,
Bo>k« »

•rrykh* .{

K^T-TKALMATIC HEADACHE

.
.
-

MEDfCAL/iaiAVIORAL —

MUSCULAZ- -• —

;
:

———— *• NEUSOLOCXAL 

———————— ̂  NELTLU. ——

———— ̂ CHW

-» JOINT D«fl» 
ANDREnHI

Figure 9. Vertebrogenic headache. A clinical classificatioi

might be located in the C1-C2 joint and might pro 
headache symptomatology more broadly manife 
As such, the term "vertebrogenic headache" isprefl 
as a more all-encompassing term (Figure 9). A tri 
manipulative treatment affords the opportunity to 
firm this diagnosis on a retrospective basis.
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Pressure pain threshold evaluation of the effect 
of spinal manipulation on chronic neck pain: 
a single case study
HT Vemon, DC, rccs(c)

A single case study is presented in which the use of the pressure 
pain threshold meter (PPT) allows for the objective evaluation 
of the treatment effect of spinal manipulation. A 22 year old 
male with a five year history of right-sided neck, scapular and 
arm pain demonstrated an average of 45.7% increase in PPT 
readings in maximal tender points after spinal manipulation. 
The results are discussed in light of current theories of pain 
mechanisms related to spinal manipulation. (JCCA 1988; 
32(4): 191-194)

L'etude d'un case isole presentee, pour laquelle I'utilisation 
d'un compteur du seuil de douler a la pression (SDP).a permis 
d'evaluer de facon objective les effets d'un traitement par 
manipulation de la colonne vertebrale. Un patient masculin de 
22 ans, ayant d son actif cinq annees de douleur au bras et a 
I'omoplate avec un cou coince vers la droite, a montre un 
accroissement moyen en indices deSDP de 45,7% auxpoints les 
plus sensibles d la suite d'une manipulation spinale. Ces 
resultats sont discutes en fonction de theories recentes sur les 
mecanismes de douleur lies de colonne venebrale. JCCA 1988; 
32(4): 191-194)

KEY WORDS: tender point, pressure pain threshold, 
manipulation, chiropractic.

M o T s - c L E : point sensible, seuil de douleur a la pression, 
manipulation, chiropraxie.

Introduction
Reports of the objective evaluation of the effect of spinal 
manipulation on clinical pain states are scarce. The clinical 
trials reported since 1974 (see reviews by Brunarski 1 , Otten- 
bacher and Difabkr. Deyo3j give evidence of an important 
benefit obtained in patients who receive spinal manipulation. 
However, amongst a number of methodological concerns, these 
studies are generally based on self-reports of relief of pain and 
are subject to a variety of non-specific influences. The introduc 
tion of objective methods of evaluating the kind of clinical pain 
states suffered by the majority of patients treated by chiroprac 
tors4 would be an important improvement.

In this case report, we use the Pressure Pain Threshold meterl" 
(PPT) to provide objective evidence of pain relief obtained in a 
S'ingle chiropractic treatment. The protocol for the use of the 
PPT. as well as normative and reliability data have been 
reported extensively by Fischer5 and Jaeger et al6 . The device is 
intuitivelv attractive to the chiropractic clinical setting as it

" Director or Research. Cj33>iian Memorial Chiropractic College,
1900 Bayview Avenue. Toronto. Ontario M4G 3E6 

s JCCA 19SS 
* ?.iin Diagnostics and Trsscrwnt Inc.

' Wooley Lane E.. Gre.r. Neck. N.Y. 11021

"< - Journal of the CC A Volume 32 No. 4 / December 1988

measures tenderness to pressure in the deeper myofascial 
structures. This gives it a distinct advantage over skin-rolling7 
and electrical pain stimulators8 in evaluating the structures more 
typically of clinical interest to chiropractors.

Methods
A single-case study is presented of a 22 year old Caucasian male 
with a five (5) year history of chronic neck, scapular and arm 
pain on the right side. The patient is a hairdresser, and so an 
occupational context to his problems was recognized in that he 
worked with his arms up and out while standing for hours at a 
time. He was referred to our Specialty Clinic with a diagnosis of 
unilateral thoracic outlet syndrome. While this was confirmed 
with photo-plethysmographic investigation9 the involvement of 
joint and myofascial dysfunction was broadened to include a 
diagnosis of concommitant unilateral scapulo-costal pain syn 
drome. In the chiropractic assessment the following significant 
findings were noted: The patient pointed to areas of maximal 
pain over the trapezius muscle and in the mid-cervical area on 
the right. He localized point tenderness in the right trapezius and 
levator scapula tender points (TP) 10 , as well as a tender point in 
the right mid-cervical paraspinal region, (see Figure 1) Palpable 
hypertonicity was found in these underlying muscles on the 
right side, especially the trapezius and levator scapula.

191
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Figure 1 The pain diagrams.

Motion palpation 1 ' revealed joint dysfunction (fixations) at 
C2-C3, T2-T3 and in the right scapula (this latter finding 
from restricted joint play movements ). The patient was asked 
to score his present pain on a standard visual analogue scale 
(VAS), scoring a 6 on a scale from 0-10.

Table I displays the PTT findings in seven standard TP's 
prior to treatment. The author uses the following pressure 
pain threshold technique: The patient is oriented to the PPT 
(see Figure 2) Instructions as to how to indicate the thresh 
old level of tenderness are given. Simply stated, the PPT is 
placed perpendicularly over the contact area. Even pressure 
is applied so as to increase the load by one or two kg/cm2 per

Figure 2 The pressure threshold meter.

second. The patient is asked to indicate the point at uli 
the sensation of pressure changes to tenderness. They dot 
by saying "now". This point is the pressure pain thresh 
point, and has been used by Fischer and his colleagues as 
critical diagnostic parameter5 . A trial run is performed 
the lateral forearm extensor muscles to acquaint the paii 
with the procedure. The patient then lays prone on thei 
justing table with the headpiece tipped forward. The n 
effective technique is to use the maximum tender point wl 
is located first by digital palpation. Once identified, thePPI 
then placed perpendicular to the surface and even press 
is applied for the measurement, (see Figure 3, a andb))ll 
surements are made unilaterally at all of the relevant II 
then the contralateral side is measured so as not to ind* 
comparison/order bias in the patient. Treatment consist 
two adjustive manipulations - a scapular stretch technique' 
an audible release on the right, and an anterior tW 
adjustment of T2-T3 on the right. The patient had neverbd 
received chiropractic treatment. He was instructed to"

Table 1 Pre-treatment PTT measurements

Tender Point PTT value (kg/cm2)

Medial occiput
Lateral occiput

Sub-occipital
Mid-cervical
Trapezius

Levator scapula
Rhomboid

Average

Left
2.3
3.0
3.1
3.3
4.2
3.2
4.0
3.3

Right
1.4
2.0
1.5
2.1
2.6
1.9
2.6
2.01

Table 2 Post-treatment comparison of right TP's

Tender Point PTT value (kg/cm2)

Medial occiput
Lateral occiput

Sub-occipital
Mid-cervical
Trapezius

Levator scapula
Rhomboid

Average
Average increase = 45%

Pre
1.4
2.0
1.5
2.1
2.6
1.9
2.6
2.01

Post
2.3
2.1
2.5
2.6
3.9
3.2
3.7
2.90

192 The Journal of the CCA / Volume 32 No. 4 / Deceit**



Pressure pain threshold evaluation

Figure 3 Application of the pressure threshold meter, a. mid-cervical, b. levator scapula.

supine for five (5) minutes, whereupon the PIT for the right- 
5ided TP's was redone. He denied experiencing any pain 
during the manipulations.

Results
The post-treatment PTT values are shown in Table II. The 
largest increases in pressure pain threshold occurred in the 
TP's of the scapular muscles. The average increase at all seven 
(7) TP's was 45.7%. The mobility of the T2-T3 fixation 
palpated as greatly improved, while the right scapula palpated 
as moderately more mobile after the treatment. The post- 
treatment VAS was 1. The patient indicated verbally, that he 
felt significantly better, even in his general mood state.

Discussion
This single-case study gains some generalizability from the 
following aspects: the patient was totally naive to adjustive 
treatment, and so, had no preconceptions about the effect such 
treatment might have. The complaint was long-standing and 
no relief had previously been obtained. The complaint was 
quite typical of those seen by chiropractors and others in 
"physical" or manual medicine. It bears pointing out that the 
chiropractic assessment identified findings of both muscle 
and joint dysfunction and that these are, arguably, concommit- 
ant, both in their shared location, and in specific linkages of 
discrete muscles to discrete joint sites (i.e. C2-C3 to scapula - 
for levator scapula. T2-T3 fixation subjacent to trapezius 
TP). This is in distinction to the findings of "myofascial pain 
specialists" who omit joint dysfunction assessment.

Without the PPT measurements this presentation would be
ro more than an anecdotal report of a chiropractor's palpa-
: >rv findings and opinions about the patient's status. In other

ords. a mundane report of anecdotal improvement typical

•ie Journal of the CCA Volume 32 No. 4 / December 1988

of that which we commonly encounter in practice. With the 
addition of the objective findings, the palpatory findings of 
fixation and hypertonicity are given a quantitative context 
which matches the patient's subjective complaint. The im 
provement post-adjustment is verified objectively and quanti 
tatively. Variations in treatment effect can be discerned 
between various areas within the region of pain (i.e. upper 
cervical vs scapular).

Finally, quantitative evidence is forthcoming which adds to 
the data which supports certain theoretical explanations re 
garding the beneficial effects of spinal manipulation. These 
have been advanced (and reviewed) in recent studies by the 
author8 ' 13 and most recently by Gillette 14 and Zusman 15 . The 
controversy exists in accepting the "afferent bombardment 
model" originally proposed by Korr16 and Wyke and 17 and 
elaborated by many others 18 ' 19 - 20 .

In our first study8 we demonstrated an increase in cutaneous 
pain tolerance to electrical stimulation which was signifi 
cantly greater after a spinal manipulation as compared to a 
joint mobilization. The mean increase in pain tolerance at 
five minutes in that study was 100%, while at 10 minutes it was 
140%. The case presented here demonstrates that a similar 
pattern is obtained when PPT is conducted in the deeper tis 
sues. Since the manipulations were not painful, we continue 
to maintain that the most tenable explanation for these findings 
lies in changes in spinal cord reflexes produced by bom 
bardment of Type I and/or Type II afferent input from the 
myofascial and articular low threshold mechanoneceptors. 
The phenomenon of manipulation-induced plasticity of spinal 
reflex mechanisms is essentially the opposite of those which 
have been demonstrated in the presence of, or as an effect of, 
painful input of nerve, muscle and to a lesser extent cutane 
ous experimental lesions. (See Wall and Woolf, 1984). 21
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Where pain is excitatory, producing long-term potentiation 
of motoneurons and pain-transmitting spinal cord centers, (i.e. 
the "central facilitation" of Korr2), manipulation exerts 
inhibitory influences thereby producins salutory clinical 
effects.

Conclusion
The PPT assessment has been shown to be useful not only as 
previously reported in the objective evaluation of clinical 
pain status, but now, in the objective demonstration of relief of 
pain by spinal manipulation. Larger group studies are nec 
essary to confirm these findings and to substantiate the current 
theoretical models of manipulation-induced effects.
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Pressure Pain Threshold Evaluation of the Effect of Spinal 
Manipulation in the Treatment of Chronic Neck Pain: A Pilot 
Study
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ABSTRACT
Nine subjects with chronic mechanical neck pain 

syndromes were evaluated for pressure pain threshold 
(PPT) over standardized tender points in the paraspinal 
area surrounding a manipulable spinal lesion. The sub 
jects were then allocated randomly to an intervention 
consisting of either an oscillatory mobilization of the 
cervical spine (n = 4), which was designated as the 
control procedure, or a rotational manipulation of the 
cervical spine (n = 5). An assessor-blinded re-evaluation 
of the pressure pain threshold levels was conducted 
after 5 min. In the group receiving a manipulation the 
mean increases in pressure pain threshold ranged from

40-56% with an average of 45%. In the control group 
no change in any of the pressure pain thresholds was 
found. These results were analyzed using ANOVA and 
were found to be statistically significant (p < 0.0001). 
This study confirms that manipulation can increase 
local paraspinal pain threshold levels. The use of the 
pressure pain threshold meter allows for the determi 
nation of such a beneficial effect in the deeper tissues. 
(J Manipulative Physiol Ther 1990; 13:13-16)

Key Indexing Terms: Cervical Vertebrae, Pain, Chi 
ropractic.

INTRODUCTION
Objective evidence of clinical improvement following 

manipulative treatment by chiropractors of patients 
with spinal pain syndromes is still rather scarce. A 
number of clinical trials have been published [see recent 
reviews by Brunarski (1), Ottenbacher and Difabio (2) 
and Curtis (3)] in the past decade and a half. The 
consensus of the clinical trials is that manipulation 
appears to produce faster relief of pain than do control 
and comparative treatments. This is especially so for 
low back pain, particularly if it is of the acute, mechan 
ical variety.

The data is less substantive for neck pain syndromes. 
Howe et al. (4) reported statistically significant results 
in favor of manipulation in the treatment of neck pain.
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The results of Sloop et al. (5) tended toward this result. 
Mealey et al. (6) compared early mobilization to rest 
and support in the treatment of whiplash. Their results 
favored mobilization. A number of open trials, espe 
cially in neck pain (7, 8), in muscle contraction head 
ache (9-14), and in migraine headaches (15-17) have 
reported very favorable success rates with manipula 
tion. Parker et al. (18), in a randomized comparative 
trial, reported poorer results in the treatment of mi 
graine by manipulation.

Clinical analogue studies have been conducted by the 
senior author (H.V.) in which the results of a single 
manipulation were compared to control procedures. In 
the first study (19), cutaneous pain tolerance levels were 
measured with an electrical pain stimulator and were 
found to rise significantly higher in the group receiving 
a single thoracic manipulation as compared to the 
sham/mobilization group. In the second study (20), a 
single manipulation in the cervical spine produced a 
modest increase (9%) in plasma beta-endorphin levels 
while control and sham procedures produced a slight 
drop. These studies offered preliminary (and in the case 
of beta-endorphin levels, modest) support for the em 
pirical finding of pain relief subsequent to manipula-
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tion, and to the theory that this pain relief is a result of 
reflex mechanisms activated specifically by the dynamic 
thrust. We characterized these mechanisms as afferent 
bombardment from the articular (21) and myofascial 
(22) receptors, which produces presynaptic inhibition 
of segmental pain pathways and possibly activation of 
the endogenous opiate system (23-25).

In the present study we have extended this earlier 
work to-symptomatic subjects. As well, we have used 
the pressure threshold meter (Pain Diagnostics and 
Treatment, Inc., 17 Wooley Lane, Great Neck, NY) 
reported upon extensively by Fischer (26), and Reeves 
and Jaeger (27). This device allows for the objective 
measurement of pressure pain threshold over tender 
points in muscles. Data on reliability and on the average 
values of a variety of muscles in normal subjects have 
been reported by the authors mentioned above (28,29). 
As well, the instrument has been used in small clinical 
surveys of treatment effect, objectively demonstrating 
that physiotherapy, trigger point injections (30) and 
muscle energy stretch techniques (27) result in reduc 
tion of tenderness in muscles.

Another advantage of the pressure threshold meter is 
that it produces mechanical irritation of deeper somatic 
structures (i.e., myofascial structures). This distin 
guishes it from electrical pain stimulators which confine 
their stimulation to the skin only. As such it is a more 
relevant device for measuring functional changes in the 
deeper tissues around a joint, especially those produced 
by a treatment modality directed at the joint (i.e., 
manipulation). Veccheit et al. (31) have shown that 
pain threshold levels are quite different in the skin, 
subcutaneous and muscle tissues of a singular experi 
mental lesion. In their study, chemically-induced mus 
cle hyperalgia lasted for up to 24 hr after an experimen 
tal lesion, while cutaneous hyperalgesia lasted for only 
2 hr. This phenomenon may reflect differences in no- 
ciceptor innervation between skin and the deeper struc 
tures (32) and in spinal cord processing of these inputs 
(33).

The present study reports on a small series of subjects 
all of whom were suffering from mechanical neck pain 
syndromes. Our hypothesis was that a single manipu 
lation would produce a significantly greater rise in 
pressure pain threshold levels in the paraspinal area 
surrounding a spinal fixation (34) as compared to a 
control mobilization procedure.

The duration of these complaints ranged from 2 wk to 
8 yr, with most subjects reporting a duration less than 
3 months. The subjects were identified by a research 
assistant. The study's objectives and general methods 
were explained to them, and informed consent was 
obtained. All of the subjects were in the course of 
receiving chiropractic care at the time of the study.

The research treating physician conducted an assess 
ment of joint dysfunction in the cervical spine'(35) and 
a test segment was identified as a "fixation." This is 
identified as a spinal motion segment which is charac 
terized by manual palpation as hypomobile (34). This 
level was marked with a grease pencil.

The examiner left the room while the assessor entered 
and conducted a pressure pain threshold assessment 
consisting of four points [tender points (TP)] above and 
below, and on each side of the test/fixation level in the 
paraspinal area. These points were consistently meas 
ured as: a) ipsilateral to the clinically painful side, 
slightly below the fixation; b) ipsilateral, above; c) con- 
tralateral, above; and d) contralateral, below.

The technique of pressure pain threshold (PPT) 
measurement has been described by Fischer (26, 28, 
29). Careful application of the PPT meter is made over 
the skin with graded vertical pressure applied 1 kg/sec 
into the deeper tissues. The patient is instructed to 
indicate verbally (by saying "yes") the point at which 
the pressure sensation changes to tenderness. A test run 
was conducted on the extensor surface of the forearm 
to acquaint the subject with the sensations associated 
with the test. Two measurements were taken at each 
point and the assessor left the room. The treator re- 
entered and applied the test treatment, allocated ran 
domly as either a rotational mobilization with gentle 
oscillations into the elastic barrier (36) or a rotational 
manipulation (high velocity, low amplitude thrust). 
Subjects were asked if the treatment caused any pain, 
and if they felt that whatever they had received was a 
"real" treatment. The assessor, blinded to the treatment 
allocation, remeasured the tender points twice after 5 
min, at which point the study was finished.

Data was generated as pre-post recordings in Kg/cm2 
for each of the two test groups. Statistical analyses 
consisted of analysis of variance comparing the pre- 
post pain threshold tolerance (PIT) measures at all four 
points between the two groups. The p value was set at 
0.05.

METHODS
Nine subjects participated; six males (average age 27 

yr) and three females (average age 38 yr), all reporting 
what was diagnosed as chronic mechanical neck pain.

RESULTS
Five subjects were allocated to the manipulation 

group; four to the sham/mobilization. The pain thresh 
old tolerance data are displayed in Table 1. The pre-
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treatment mean levels of pressure pain threshold in the 
manipulation group are slightly higher than those of 
the sham group, however, these values are consistent 
with the previously reported range of tender point levels 
in symptomatic subjects (29). In percentage terms, a 
rise in pressure pain threshold ranging from 40-55% 
was found in all four points around the fixation level 
in the.group receiving manipulation, while there was 
virtually no change in the pre- to postintervention levels 
of the group receiving a mobilization. These differences 
between the groups, at each point, were highly statisti 
cally significant (Table 1); F = 26.052, and p < 0.0001. 
Of five subjects receiving a manipulation none reported 
any pain associated with the maneuver. All five re 
ported the manipulation to be a "real" treatment. Of 
four mobilized subjects, three reported no pain, and 
none described the intervention as a "real" treatment.

DISCUSSION
Although the sample size is small, there is clear 

evidence of a difference between the groups. Manipu 
lation produced significantly higher increases in pres 
sure pain threshold of tender points surrounding the 
fixation We believe that this is the first time such 
evidence has been reported. These findings can be 
applied only to the cervical spine.

Several points require elaboration. The finding of 0% 
change in the mobilization group should be understood 
as a reflection of the mean values of the data sets. In 
some cases a change in pressure pain threshold was 
recorded- however, the small increases or decreases in 
one or another point in different patients tended to 
cancel each other out producing no change in the mean 
of the group (Table 1).

TABLE 1. Comparison of changes in PPT in neck tender points:

Time

Tender 
points
One 

M 
S

Two 
M 
S

Three 
M 
S

Four 
M

•p< 0.0001,

Pretreatment

3.4 ±1.3 
2.8 ±1.7

3.4 ±1.7 
2.3 ±1-9

3 3 ± 0.51 
2.3 ±1-4

3.5 ± 0-99 
2.4 ±1-5

^Tii!o52.

Posttreatment

4.9 ± 2.3* 
2.8 ±1.7

4.8 ± 2.2* 
2.3 ± 1.7

5.2 ± 3.2* 
2.4 ± 1.7

4.9 ± 2.8* 
2.6 + 1.5

Change

44 
0

41 
0

56 
0.4

40 
0.8

Pain threshold increases were recorded in all four 
points; in other words, apparently in tender points ipsi- 
and contralateral to the side identified as painful. This 
reflects several possibilities. First, some subjects may 
have identified one side as more painful than the other 
reflecting their own conscious choice of pain location. 
Tenderness, on the other hand, can often be evoked 
wherejhere is no conscious perception of pain (28) or 
where~there is a conscious perception of relatively less 
pain than at another site. Secondly, the effects of ma 
nipulation may manifest themselves contralaterally as 
well as on the side of consciously perceived pain. Sessle 
et al. (37) have recently demonstrated that 30% of 
convergent neurones in the trigeminal nucleus caudalis 
receive input contralaterally. These structure-function 
relationships, (if applied to the spinal cord) may explain 
changes in pain threshold levels bilaterally.

These data are consistent with our previous work, 
although the extent of increase in pain threshold is 
slightly smaller at the 5-min post-treatment point 
(100% in cutaneous pain tolerance as compared to 45 % 
with PPT). This may be a reflection of differences in 
pain sensitivity in skin and the deeper tissues, which 
corroborates the notion that pressure pain threshold 
measures a different parameter than does electrical 
stimulation of the skin.

Although the mobilization maneuver was intended 
as a sham manipulation it failed to produce the neces 
sary requisites of a "real" treatment. To this end, we 
feel that the absence of both a thrust and an articular 
crack, both of which would be expected by the subject 
to be associated with manipulative treatment by a 
chiropractor, were responsible for the sham failure. The 
extent to which this affected the posttest results is, we 
believe, minimal, because the assessor was blinded, and 
pain threshold levels are less susceptible to unapparent 
cognitive influences (38). All four subjects would have 
to have concluded that the absence of a "crack" was a 
cue to pretend that there was no change. We believe 
this is highly unlikely.

These findings are entirely of a behavioral nature 
related to the subjects perception of pain threshold. The 
underlying mechanism still remains implied, and cer 
tainly the previously reported slight increase of endor- 
phins cannot be definitively associated with our present 
findings, as endorphin assay was not conducted on these 
subjects. We feel, however, that our previous hypothesis 
concerning the effect of manipulation on spinal cord 
reflexes subserving pain as reflected in pain threshold 
changes, is lent further support. This is especially so 
since no subject admitted that the manipulation was 
painful. Gillette (39) has recently proposed a co-acti 
vation of receptors subserving both large and small
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diameter fibers during a manipulation. Once again, the 
finding that there is no pain during a manipulation, 
which is then demonstrated to increase local pain 
threshold levels tends to mitigate against small fiber co- 
activation.

CONCLUSION
The pressure pain threshold meter, applied according 

to the protocol of Fischer, has proven to be very useful 
in objectifying the effect of manipulation as compared 
to a mobilization in the cervical spine of subjects suf 
fering from chronic mechanical neck pain. These find 
ings add further support to the theoretical mechanisms 
proposed to explain the effects of spinal manipulation 
on spinal pain.
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Skin rolling technique as an indicator 
of spinal joint dysfunction*
Perry TayJor 
Gerald Tole, DC 
Howard Vernon, DC, FCCS

The use of the skin roll technique as an indicator of spinal joint 
dysfunction (fixations) has not previously been subjected to 
validity testing. This study was undertaken to determine the 
degree of correlation between the skin roll technique and spinal 
joint dysfunction in the thoracic spine.

Twenty-five (25) subjects reported tenderness to a paraspinal 
skin roll along the first ten thoracic vertebrae. At the tender 
areas elicited during the skin roll, a pressure algometer was 
used to determine the subject's pressure pain threshold. Static 
joint challenging as described by Maigne was utilized by an 
independent examiner to identify levels of spinal joint 
dysfunction in the first ten thoracic vertebrae in the same 
subjects. A moderate, but highly significant correlation 
(Kappa = 0.48,p < .001) was found relating a tender point on 
skin roll to a spinal joint dysfunction within one vertebrae above 
or below the level of the tender point. Pressure algometer 
readings revealed a highly statistically significant (p £ 0.0005) 
decrease in pain threshold tolerance at the level of a tender skin 
roll as compared to control (non-tender) points.

These findings suggest a moderate level of support for the 
validity of the notion that spinal dysfunction is characterized by 
loss of joint motion and contiguous paraspinal tenderness. 
(JCCA 1990; 34(2): 82-86)

KEY WORDS: Skin roll technique, spinal joint dysfunction, 
chiropractic, pressure algometer, vertebral joint challenge, 
thoracic spine, manipulation.

L'emploi de la technique du massage de lapeau comme 
indicateur d' un dysfonctionnement de la jointure spinale 
(fixations) n 'a pas subi de test de validite. Cette etude a ete 
entreprise pour determiner le degre de correlation entre cette 
technique et les dysfunctions de la jointure spinale dans la 
colonne dorsale.

Vingt cinq (25) sujets ontfait part d'une sensibilite d un 
massage de la peau paraspinale sur les dix premieres venebres 
dorsales. Un algesimetre a ete utilise sur les parties 
sensibilisees pendant le massage de la peau, pdur determiner le 
seuil nociceptifd la pression. La provocation de la jointure 
statique, telle que decritepar Maigne, a ete par un examinateur 
independent pour identifier le dysfonctionnement de la jointure 
spinale dans les dix premieres venebres dorsales, chez les 
memes sujets. Une correlation moderee, mais tres importante 
(Kappa = 0,48, p £ ,001) a permis de relief un point sensible 
de la peau roulee d une dysfonction de la jointure spinale sur 
une vertebre au-dessus on en-dessous du niveau du point 
sensible. Les lectures de I 'algestimetre ont revele une 
diminution statiquement tres importante (p < 0,0005) de la 
tolerance au seuil nociceptifau niveau de la peau massee 
sensible par rapport aux points de controle (non sensibles).

Ces connotations suggerent un niveau mode re de soutien 
pour la validite de la notion que la dysfonction spinale se 
caracterise par laperte de mouvement de la jointure etpar une 
sensibilite paraspinale contigue. 
(JCCA 1990; 34(2): 82-86)

MOTS CLE: Technique de massage de la peau, dysfonction de la 
jointure spinale, chiropractic, algesimetre, provocation de la 
jointure vertebrale, colonne dorsale, manipulation.

Introduction
An important component of the chiropractic physical assess 
ment is the determination of areas of spinal joint dysfunction. 
These areas have been associated with a decreased pain thresh 
old of the paraspinal skin. '• 2 > J '4 ' i The skin rolling technique, as 
described by Maigne6 is one of the methods that is used to locate

* Canadian Memorial Chiropractic College 
1900 Bayview Avenue. Toronto, Ontario M4G 3E6 
Reprint requests to: Dr H Vemon, CMCC, 1900 Bayview Avenue, 
Toronto, Ontario M4G 3E6 

® JCCA 1990.

areas of paraspinal skin which demonstrate a subjective de 
crease in pain threshold, amongst other clinical phenomena.

The causal relationship between spinal joint dysfunctions 
(fixations) and alterations of pain tolerance is supported by 
many authors. 3 '4 ' 7 ' 8 '*- 10 Korr2 '" reported that areas of spinal 
joint dysfunction demonstrated a segmentally sustained level of 
sympathetic hyperactivity which correlated well with deep and 
superficial skin tenderness. He concluded that a state of seg- 
mental chronic sympathetic facilitation was caused by spinal 
joint dysfunctions. Other authors 3 - 12 also agree that increased 
sympathetic outflow (facilitation) increases sensory firing and 
thus enhances pain.
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Wyke7 noted the close morphologic relationship between the 
mechanoreceptors of joints and nociceptors in the somatic 
tissues. It was his opinon that any loss of normal sensory input 
from the mechanoreceptors in the joint capsule may result in 
various abnormalities, which include decrease in pain thresh 
old. Numerous chiropractic authors suggest that this phenome 
non occurs in the state of spinal joint dysfunction which has 
been termed "subluxation". (For further review see 4 and 18.)

Feinstein9 stated that skin hyperalgesia to pricking or pinch 
ing (essence of skin rolling) has often been observed to accom 
pany pain arising from visceral and somatic structures. The 
hyperalgesic areas are not random but are dermatomally situated 
corresponding to the cord level of the affected deep tissues.

The chronicity of spinal joint dysfunction and subsequent 
dermatomal decreased pain threshold may have a feedback 
effect on the pain receptors themselves. Slosberg 3 noted that not 
only are pain receptors of high threshold and non-adapting but 
they can actually have a lowering of their firing thresholds. 
Thus, less stimulus becomes necessary to activate the noci 
ceptors.

The pressure algometer (dotorimeter) has been used by many 
researchers to reliably evaluate subjective tender points in pain 
patients. 10,13,1*, 15,it,i7,2i,23,24,35 This device enables the re 
searcher to obtain quantitative measurement of a patient's pain 
threshold. Tunics et al. 13 have most recently confirmed that the 
hand-held pressure algometer is a reliable tool that can be used 
for clinical research into the tender point phenomena.

Terrett and Vernon4 studied paraspinal tenderness in response 
to manipulation. They first determined a high association of 
tender spots with local spinal joint fixations. Of 54 tender spots, 
SO had accompanying fixations. Half of the study received a 
spinal manipulation, while the other half received a sham mobil 
ization. Cutaneous pain tolerance levels rose 140% in the treat 
ed groups as compared to 5% in the controls after 10 minutes. 
This finding was statistically significant.

Similarly, increases in myofascial pressure pain threshold 
have recently been reported by Vernon et al. ' 9 -20 which average 
approximately 50% of baseline levels, confirming that manipu 
lation of a spinal joint fixation can result in inhibition of pain 
transmission and reductions of local paraspinal tenderness.

The current literature, as cited above addresses the relation 
ship between 1) spinal joint dysfunction with lowered skin 
segmental pain thresholds; and 2) the use of the skin rolling 
technique to locate areas of decreased pain threshold in para 
spinal skin. However, no study has reported on the skin roll 
technique as a reliable method of detecting the locations of a 
spinal joint dysfunction. Il is thus the purpose of this study to 
investigate the following two hypotheses, herein stated in the 
null: 
HI There exists no correlation between the level of skin roll

tenderness and the level of a spinal dysfunction. 
H2 There is no objective decrease in pain tolerance in the areas 

of skin roll tenderness relative to areas on non-tender skin 
roll.

Materials and methods
Twenty-five subjects were included in this study. There were 15 
males and 10 females. The ages ranged from 20-73 years of 
age. The mean age was 27.5 years.

The study group consisted of a non-random selection of 
chiropractic patients already receiving treatment for mechanical 
pain syndromes in the dorsal spine at the Canadian Memorial 
Chiropractic College Outpatient Clinic. The only exclusion 
criterion necessary was that these patients had not received 
spinal manipulative therapy within the previous 24 hours. All 
subjects gave informed consent.

The following method was used: the subject was brought into 
a chiropractic examining room by Examiner A. The subject was 
placed prone on the examining table. Examiner A placed a small 
round adhesive sticker on the skin over each of the spinous 
processes of Tl, T4, T7 and T10 as determined by palpation. 
These were kept in place throughout the entire examination so 
that each examiner had a common reference to indicate the 
spinal levels. Examiner A then told the patient: "I'm going to 
roil your skin between my fingers along your back. Please tell 
me if it feels that I'm pinching you in one spot more than 
another."

Examiner A then used both hands to lift the initial roll of skin 
on the left side of the subject at approximately two centimetres 
lateral from the midline at the level of the tenth dorsal vertebrae. 
The skin was then rolled in a continuous manner using both 
hands upward toward the first dorsal spinous process. Accord 
ing to Maigne," this first pass serves to introduce the patient to 
the "feel" of the technique. The roll was then repeated twice 
more on the left. During the last two passes the subject was 
asked to repon the "pinched" areas. Upon location of a tender 
area on the third pass, the painful skin was maintained between 
the fingers of one hand so as to keep the location for the 
algometer reading as stable as possible.

Using the pressure algometer, (according to previously re 
ported protocols by Fischer21 and Vernon") Examiner A ap 
plied steady pressure over the tender spot while securing the 
skin between the thumb and first finger. The examiner requested 
the patient to indicate when there was a change from a pressure 
sensation to a sensation of pain. This point was then recorded in 
pounds/cm2 as the pain threshold at the level of the tender skin 
roll.

Pain threshold levels of each of the tender points were succes 
sively measured with the pressure algometer in this manner by 
Examiner A. Readings were then recorded as to the spinous 
level at which they were measured. All pressure readings were 
completed on the left side before repeating skin roll and pressure 
readings on the right.

Randomly chosen areas of the right and left paraspinal re 
gions from T1-T10 that were not reported as tender during the 
skin rolling technique were measured with the pressure algo 
meter and recorded to give a control pain threshold value for that 
patient. These were located at least three segments above or 
below the tender spot. Examiner A took three to five minutes to
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locate and record this data.
Examiner A then left the room and Examiner B entered. 

Examiner B then performed a lateral joint challenge from Tl- 
T10. The lateral spinous challenge was performed with thumb 
pressure on a single spinous process first, with alternating 
contralateral apposition on the same spinous process (i.e. right 
to left challenge) and then with contralateral apposition on the 
segments above or below. The first method located a region of 
fixation, while the second method confirmed the specific seg 
ment. This joint challenge method was performed on each of the 
spinous processes of T1-T10. At each level where Examiner B 
determined a relative loss of joint play, it was recorded as a 
fixated segment (spinal joint dysfunction). The fixations were 
recorded by spinous levels only and irrespective of direction of 
the perceived fixation. The subject did not provide feedback as 
to whether any palpatory manoeuvre was painful. After Ex 
aminer B had recorded his findings, the patient was allowed to 
leave the room. Examiner B took approximately three minutes 
to locate and record the data. While this form of motion palpa 
tion has not yet been studied for inter-rater reliability, it has 
certainly been adequately described and endorsed by its propo 
nents including Maigne* and Gillet22 . Throughout the experi 
ment, each examiner was blinded as to the findings of the other 
examiner.

The data on levels of skin rolling tenderness and joint play 
fixation were analyzed for concordance using the Kappa statis 
tic. Kappa (A) values were calculated for exact level agreement 
and agreement within one level above or below. At each level 
from T1-T10 the presence of a positive skin roll was assumed to 
agree with a positive joint challenge if the the joint challenge 
fixation occurred at the same spinal level, the spinal segment 
above, or the segment below the positive skin roll.

A separate analysis was conducted to compare pressure algo- 
meter threshold readings at the point of a tender skin roll to the 
algometer reading taken at a level with a non-tender skin roll 
(control threshold point). For each individual patient, all algo 
meter readings at levels of tender skin roll were used to give a 
mean value. For each patient the mean value of control points 
was also determined (see Table 1). These values were then used 
to conduct a paired t-test withp < 0.05.

Results
When a tender skin roll was used as an indication of spinal 
fixation at the same spinal level as determined by the joint 
challenge technique, the level of agreement (true positives and 
true negatives combined) was 67%. The K value was 0.164 (n = 
250 (10 spinal levels on each of 25 patients)]. When the spinal 
level of fixation as determined by joint challenge was expanded 
to one level above and level below a tender skin roll level, level 
of true agreement rose to 77%. (See Appendix 1) The K value 
increased to 0.48 (n = 250). This was significant at the .001
level - 

For each individual patient, the mean algometer reading at the
positive skin roll areas was compared to the control paraspinal
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areas mean algometer reading (Table 1). In all 25 subjects with 
the exception of one, the control threshold point for pain was 
higher than the threshold for pain at the level of a positive skin 
roll. For the one exception, the control point and tender skin 
point had equal algometer readings.

The values for a tender skin roll for all subjects were combin 
ed to give an overall mean value. This was repeated for the 
non-tender skin roll points. The overall mean value of the 
algometer readings at the location of a tender skin roll for the 
patient pool was ll.Slbs., while the mean of the control points 
was 15.1 Ibs., a 23.9% difference favouring decreased thresh 
old to pain-producing pressure at the level of a tender skin roll 
when compared to a paraspinal area of a non-tender skin roll. 
The paired t-test analysis of the algometer results indicated a 
highly statistically significant difference (p < 0.0005).

Discussion
The small Kappa value of the first comparison appears to indi 
cate that when exact level agreement is used, there is poor 
agreement between the skin roll technique and the joint chal 
lenge method. However, the second Kappa value (K - 0.48) 
relating a tender skin roll to a fixation at, above, or below the 
spinous level indicates a moderate correlation between skin roll 
tenderness and fixation. There is, therefore modest support for 
accepting hypothesis 1. This is especially so, given that the 
cutaneous branches of a spinal nerve do not exit directly at the 
surface at the spinal level of origin and there is extensive overlap 
of adjacent dermatomes in the posterior vertebral region. 
Maigne" postulates that in the upper dorsal spine the posterior 
branches of the spinal nerves traverse the paravertebral groove 
by three or four spinal segments before becoming superficial. 
An example is that the T2 posterior branch emerges superficial 
ly at the level of the T5 which can imitate the tenderness of the 
corresponding articular structure. As well, the acceptance of a 
match plus/minus one segment (which has been reported pre 
viously by DeBoer et a/. 26 and Nansel et a/. 27) reproduces the 
maximum permissible "window" of agreement of segmental 
levels identified by two independent examiners which still re 
tains the anatomical fidelity required for such an experiment. 
Since one vertebral level is a component of two contiguous 
motion segments, then a complex of three levels/two motion 
segments, is the minimum dcnotable unit in such a study. The 
fixation is still contained within that unit, so any of the three 
vertebral levels serves to designate its presence.

While this will necessarily increase the chance that a match 
will be found between the levels identified by the two examin 
ers, and while this, alone will increase the Kappa value, we feel 
that a trade-off is justified. This is analogous to the setting of 
alpha and beta limits which are set in an experiment in order to 
contain the element of chance agreement. In this case, exact 
segment agreement increases (we believe unacceptably) the 
chance of a false-negative error (type B), while the ± 1 segment 
"window" offers an acceptable (and clinically justifiable) limit 
on false positives (type A error).
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The latter Kappa value (K = 0.48) suggests that dorsal spine 
skin roll tenderness is a moderately good indicator of the pre 
sence of contiguous joint fixation, although a poorer indicator of 
the exact level of fixation. As such, by demonstrating a moder 
ately high correlation between independently measured aspects 
of spinal dysfunction (i.e. fixation and tenderness) the validity 
of the "fixation" concept is given further support, even in the 
absence of data relative to inter-rater reliability of palpation for 
same. In some sense, this may be even more important, in that, 
while raters may agree quite highly on the presence of certain 
findings, if these findings are unrelated to any other clinically 
important parameters (such as skin tenderness) then the whole

question of reliability is moot. We suggest that dorsal skin roll 
tenderness be used as a screening procedure to indicate that a 
dorsal joint fixation may be present within a few spinal seg 
ments. The high level of agreement between skin rolling find 
ings and the pressure algometer findings, allows us to accept 
hypothesis 2 and indicates that the skin roll technique provides 
an accurate indication of local areas of decreased pain threshold 
along the dorsal spine.

Future studies in this area might distinguish between acute 
and chronic patients. As well, further exploration as to the 
sidedness of these two phenomena and the degree of consistency 
therein would be useful.
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Conclusion
The investigators found that a correlation between tender skin 
roll areas and spinal joint dysfunction (fixations) does exist. 
This study also revealed that subjects who experienced tender 
ness in areas of their thoracic spine during the skin roll demon 
strated a statistically significant difference between these areas 
of non-tender skin roll.
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Pressure algometry and tissue compliance 
measures in the treatment of chronic headache 
by spinal manipulation: 
a single case/single treatment report
Howard Vernon, DC, FCCS(C)* 
Ronald Gitelman, DC, FCCS(C)

A single-case study of chronic bilateral headache is presented 
with data provided on pressure algometry, visual analogue 
scale (VAS), and tissue compliance assessment, the former two 
measured pre-and-post-manipulation. Pre-treatment 
recordings demonstrated correlation of findings of joint and 
muscle dysfunction in the upper cervical spine in this headache 
sufferer. Post-treatment recordings demonstrated 
improvements not only in the local spinal tissues but in the distal 
referred pain pattern (i.e. headache). This case is discussed in 
regard to both the methods of assessment of soft tissue 
dysfunction and the theories correlating spinal joint dysfunction 
with myofascial pain and their relief with manipulation. 
(JCCA 1990; 34(3): 141-144)

KEY WORDS: headache, upper cervical, pressure algometer, 
tissue compliance, manipulation, chiropractic.

U etude d'un cos de cephalee bilaterale chronique estpresentee 
avec les donnees obtenuespar un algometre a pression, une 
balance visuelle analogue (VAS) et revaluation de compliance 
tissulaire, les deux premiers ayant ete mesures avant et apres 
manipulation. Les donnees pre-trailernent ont demontre une 
correlation entre les resultats relatifs a la dysfonclion 
articulaire et musculaire dans la region superieure de la 
colonne cenicale chez ce patient souffrant de cephalee. Les 
donnees post-traitement ont demomre des ameliorations non 
seulement dans les tissus spinaux locaux, mais aussi dans la 
presentation de douleur distale (c.-d-d. cephalee). On discute 
du cas en ce qui a trait aux methodes d'evaluation de la 
dysfonction des tissus mous et des theories relatives a la 
dysfonction d'articulation spinale avec douleur myofasdale et 
leur soulagement par la manipulation. 
(JCCA 1990;34<3):141-144)

MOTS CL E s: cephalee, region supeneure cervicale, algometre a 
pression, conformite des tissus, manipulation, chiropratique.

Introduction
Our present knowledge of spinal pain syndromes is not yet so 
adequate that we can precisely distinguish the role of dysfunc 
tion of articular structures as opposed to that of the myofascial 
elements. The view in some circles is a dichotomous one, in 
which joint and muscle structures are treated separately - thus 
leading to such concepts as "trigger points" being considered 
solely a myofascial phenomenon, while joint strains are purely 
of articular concern, with no impact on muscle function. Others 
find this dichotomy artificial and, in some sense, irrelevant 
given that the object of treatment is the anatomical/functional 
unit as a whole. Myofascial pain specialists, generally sub 
scribers to the former view, have elevated the myofascial tender 
point to its rightful place in the musculoskeletal pathophysiolo-

< Address tor reprints: Canadian Memorial Chiropractic College. 
1900 Bayview Avenue. Toronto. Ontario M4G 3E6. 
JCCA 1990.
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gical model' '- -3 and have devised reliable methods of quantify 
ing its presence and its extent. 4 ' 5 -* Unfortunately, they have 
typically found it unnecessary to explore deeper into the sub 
jacent articular structures, which have, apparently, been the 
"bailiwick" of chiropractors. We say apparently because the 
role of muscle structures has never been lost in chiropractic 
pathophysiological models, and, in fact, in some, it predomin 
ates. Sadly, the dog still chases its own tail.

Single case studies which accurately quantify the coexistence 
of myofascial tender points, subjacent articular dysfunction, 
and painful symptoms can help shed some light on these 
issues, 7 ' 8 which eventually ought to be explored in larger con 
trolled studies.

The following is a report of a case, interesting because the 
pain syndrome associated with the spinal dysfunction was a 
chronic bilateral frontal headache. In other words, this case 
represents a distant and possibly unapparent connection be 
tween the symptoms and the underlying disorder. The notion of 
referred "headache" pain from suboccipital myofascial and 
articular structures (or lesions in them; is quite old. In fact, a
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multitude of empirical reports exist in the literature of all the 
disciplines involved in manipulation (see review in Vernon") 
on the connections between upper cervical dysfunction, head 
ache and relief by manipulation.

However, very few reports provide objective quantification 
of the myofascial component (tenderness, and increased stiff 
ness (i.e. hypenonicity) and its association with the articular 
component (motion blockage or fixation). Jaeger 13 has recently 
reported on a small case series in which disturbances measured 
by algometry, motion and static palpation and cervical spine 
gross ranges of motion have been associated with headache. 
Bogduk 14 has reported on the association between motion pal 
pation and facet injection such that the results of injection 
therapy improved when specifically targetted to the spinal joint 
segment level identified as blocked on motion palpation. This 
work follows closely from that of Jull, IS > 16 in which headache 
and non-headache groups were distinguished by the higher 
prevalence of fixations in those with headaches.

Methods and results
A 39-year-old married, female occupational health nurse pre 
sented with a 25 year history of headaches. The predominant 
headache mode was a daily, bilateral frontal aching pain which 
conformed to the classification of chronic muscle contraction 
headache (MCH). The patient was symptomatic when presented 
to the clinic and had been so.for the previous six hours. Her 
chronic condition was punctuated by very infrequent episodes 
of more acute severe headaches, which in the past have been 
preceded by aura-like phenomena and which had been labelled 
as migraines. She had not suffered one of these headaches for 
eight years although she had the occasional severe variation of 
the MCH. She also complained of chronic neck and upper back 
pain, but the headache was not described as part of this cervical 
pain condition. The patient had been under long-term chiroprac 
tic care which she acknowledged was the only source of relief 
she had obtained. Treatment had apparently reduced the overall 
severity of the headaches and had prevented the severe attacks 
almost completely. She was referred to our specialty clinic for 
evaluation of any perpetuating factors which might not pre 
viously have been detected.

Postural evaluation revealed a forward head carriage with 
shrugged shoulders. Inspection and palpation revealed hyper- 
tonicity in the upper trapezius muscles bilaterally, worse on the 
right, as well as in the suboccipital muscles, again worse on the 
right. Tender points (TP) were detected in each of these 
muscles, with the right-side points being more tender than those 
on the left. Motion palpation revealed a major fixation at Cl -C2 
on the right, so that a complex of findings - restriction of 
anterior rotation of atlas, palpable spasm and local tenderness of 
the ipsilateral suboccipital muscles - appeared to be the major 
clinical finding.

Two methods of quantifying the myofascial component in 
this type of disorder are pressure threshold algometry and tissue 
compliance assessment. Both of these methods have been intro

duced by Fischer, who has reported extensively on reliability 
and normative data of these clinical instruments. 4 > s > 9 We have 
also reviewed the method of pressure algometry and have shown 
its usefulness in studies of the effects of spinal manipulation. 7>« 
Tissue compliance assessment is a variation of pressure algo- 
metry which purports to measure the stiffness of the soft tissues 
- an objective finding which does not require the patient's 
participation in the measurement. The tissue compliance meter 
(TCM) measures the depth of penetration of the pressure plung 
er into the surface of the soft tissues at various levels of force, so 
as to detect the relative stiffness of these tissues. Force/penetra 
tion graphs are obtained for 2, 3 and 4 kg/cm2 force levels (see 
figures 1 and 2). The normal values reported by Fischer9 for the 
upper trapezius muscle are 12, 14 and 17 mm, for 2, 3 and 4 
kg/cm 2 levels, respectively. The critical criteria in pressure 
algometry (tenderness) are such that values below 3 kg/cm2 are 
clinically significant, as well as any bilateral difference which 
exceeds 1 kg/cm2 . 4 ' 5

Pressure algometry, TCM and VAS (visual analogue scale) 
scores were conducted in this case, the results of which are 
presented in Table 1. The clinically relevant findings were the 
increased stiffness (or hypertonicity) of both upper trapezius 
muscles, the right being worse than the left, and the significant 
reduction of die pressure threshold in the medial occiput point 
on the right, (corresponding to the insertion of rectus capitus

Table 1 ASSESSMENT PROFILE

1 - Tender Points (kg/cm 2)

Medial-occipital 
^Sub-occipital ^: : :'
?Trapezius '-1 '... 
' Scalenes : r, •*

5.0 
2.0

1.5im
;^5v;i:6% 
:v/..i;;5;^i'.pT'"

2 — Muscle Compliance (pre-treatment only)

iTrajpezius—2kg
VHP-k. -3kg

-4kg
v.,J- .10, irl

3 - VAS (mm)

Pre-Rx

63

Post-Rx

14

•I

•j
fff̂ t̂
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Figure 1 Pressure algometer 
used over occipital tender point.
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Figure 2 Tissue compliance 
meter used on trapezius muscle.
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Pressure algometry

posticus minor from Cl-CO). These findings quantitatively 
corroborate those clinical Findings noted previously, namely — 
increased hypertonicity .of the trapezius muscle upon digital 
palpation and increased tenderness to digital pressure of the 
suboccipital muscles (trigger point) on the right. During the 
history taking, the patient was asked to rate her present-head 
ache intensity on a standard 10cm VAS whose left and right 
anchors were "no headache" and "worst headache imagina 
ble" respectively. Her VAS score was 63 (on the 100mm scale). 

A rotational manipulation of atlas-axis (see Szaraz 10) was 
performed and the medial occiput TP was remeasured after five 
minutes of rest. The post-treatment value was 2.3 kg/cm2 which 
represented an increase of 53%. Just prior to leaving the clinic 
she was asked to score her headache again on the VAS. An 
interval of approximately 15 minutes had elapsed. She scored 
14, which represented approximately 80% improvement. 
Tissue compliance data was not obtained post-treatment.

Discussion
In our previous small randomized controlled study of the effects 
of manipulation on cervical tender points, we reported an aver 
age 45% increase in pressure threshold in manipulated subjects, 
as compared to those receiving a sham mobilization'. 8 In a 
single-case study, Vemon reported that manipulation resulted in 
pressure threshold increases in seven cervico-lhoracic muscles, 
which also averaged 45%.' The "present pain ratings" in that 
subject were also reported to decrease from 6 to 1 after treat 
ment.

Of importance in the present case is the fact that the pre- 
treatment algometry and TCM measures revealed a correspon 
dence between joint dysfunction at C1-C2, local myofascial 
tenderness and related muscular hypertonicity. Treatment of 
this focal joint dysfunction by manipulation resulted in rapid, 
short-term improvements in tenderness and "present pain" in 
this headache subject, which are remarkably similar to those 
obtained in the subjects previously described.

The clinical result reported here is consistent with a great 
number of studies reporting relief of headache and neck pain by 
spinal manipulation (see reviews in Vemon et al,8 and
Vemon").

Although the quantitative measurements in this single-case 
study were obtained in an unblinded fashion, cautious interpre 
tation is always urged. However, even these data would corro 
borate the common anecdotal experience of most clinicians, that 
pain, tenderness and spasm in the soft tissues are often accom 
panied by focal joint dysfunction (typically related neuromer- 
ically 12) and that these symptoms and signs are often improved 
after spinal manipulation.

Conclusion
Quantification of clinical findings reported in a single-case 
study is important both because it adds precision to the diagnosis

and because generalization of the Findings in this type of case 
report can also aid in the verification of important components 

'of the manipulation paradigm. In this paradigm, joint and 
muscle dysfunctions are correlated, and manipulation results in 
improvement in the clinical behaviour of the functional unit, fa 
this case, a referred pain - bilateral frontal headache - was 
shown to decrease in correspondence with reductions in local 
spinal soft tissue tenderness after a spinal manipulation to the 
related segment.
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Spinal manipulation and headaches of cervical origin
A review of literature and presentation of cases

H. Vernon

Canadian Memorial Chiropractic College, 1900 Bayview Avenue, Toronto, Ontario, M4G 3E6, Canada

Summary. Claims of therapeutic efficacy for spinal 
manipulation in headache have been reported by all of its 
proponents, although in the mainstream of headache 
management it is virtually ignored. The validity of these 
claims and the mechanisms of action of spinal manipula 
tion are largely undetermined. This report presents a crit 
ical review of the quantitative clinical research to date. In 
addition, three case reports are presented to illustrate the 
empirical experience of spinal manipulation in the treat 
ment of headaches.

Key words: Cervicogenic headache - Spinal manipula 
tion

The case for spinal manipulation in the treatment of 
headaches of cervical origin contains within it two con 
troversies. The first is the nature and validity of the issue 
of "headaches of cervical origin" There is still great 
debate about the role of the cervical spine in the etiology 
of a variety of headache types. This is despite a long-stan 
ding tradition of writing in medical and heterodox circles 
supporting the notion of cervicogenic headache. The re 
cent works published by the groups of Bogduk [2-5], 
Sjaastad 13, 32], Fredrickson [12-14], Pfaffenrath [27, 
28] and Jaeger [17] have all supported the validity of 
"cervicogenic headaches" and have produced important 
descriptive and explanatory models. Others, notably 
Edmeads [9, 10] remain unconvinced. The reader is refer 
red to the author's extensive reviews for a more in depth 
treatment of this issue [37, 38].

The second controversy, of course, builds on the first. 
If there is still confusion and doubt regarding the cervical 
origin of some headache types, there is certaintly virtual 
ignorance concerning the role of spinal manipulation in 
the treatment of headaches. Nonetheless, a number of 
professionals groups do practice spinal manipulation, 
some more exclusively than others, including chiroprac 
tors, medical doctors (manual medicine), osteopaths and 
physical therapists. Members of each of these groups 
have claimed success from spinal manipulation in the 
treatment of headache [38]. This report will review all the

reported clinical studies in which spinal manipulation 
was applied as the primary therapeutic agent and will pre 
sent three case studies exemplifying the role of spinal 
manipulation in the management of acute headaches.

Literature review: muscle contraction headaches

The role of manipulation in the treatment of muscle con 
traction or non-migrainous headache has been alluded to 
by a number of authors who initially wrote on headaches 
of cervical origin. In particular, Kovacs [21], Seletz [29], 
Frykholm [15], Grillo [16], Bogduk [2] and others have 
specifically reported success with manipulation. How 
ever, only in the past two decades have quantitative 
reports emerged. In 1971, Lewit [22] reported on 41 late 
adolescents (21 females, 20 males) who had sustained cer 
vical spine anteflexion sprain injuries in gymnastic ac 
tivities and who were presenting with headache. Seventy 
percent (70%) of these subjects were found to have hyper- 
mobility of C1 -2. Lewit reported that manipulation was 
the single most effective treatment from amongst a num 
ber of physical modalities.

In the same study, Lewit also reported on a series of 
93 adults who had sustained head/neck trauma. Ninety- 
six percent (96%) of these subjects demonstrated move 
ment restriction in the upper cervical spinal joints. 
Again, manipulation was reported to be very successful 
in treating the headache associated with these injuries. 
Unfortunately, in these two case series presentations, no 
quantified data on outcomes was presented by Lewit, nor 
was treatment by manipulation compared with either a 
control or any other form treatment, so that the degree 
of natural remission cannot be determined from the re 
ported success rates. Nonetheless, in this early report, 
manipulation is presented as a treatment of some signifi 
cant value.

Single-case studies have been reported by several in 
vestigators. In 1980, Mannen [23] reported a single-case 
study in which non-vascular headache was relieved by a 
course of chiropractic treatment. Data on segmental mo 
tion of the cervical spine as analyzed on flexion/exten 
sion X-rays were provided, which appeared to indicate
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that improvement in uper cervical mobility accompanied 
the improvement in symptoms.

Vernon [36] in 1983, reported on a descriptive survey 
of two groups of non-vascular headache subjects presen 
ting to a chiropractic college out-patient clinic. One 
group (n = 15) was studied retrospectively by mail survey, 
while the other group (n = 18) was studied prospectively 
within the clinic. In each group, statistically significant 
reductions in headache characteristics, including frequen 
cy, duration and severity, were obtained with a mean of 
nine treatments. In addition, mean satisfaction scores, 
obtained from an index of three Liekert scales (1-5, 
total = 15) were 12.2 in the retrospective and 12.7 in the 
prospective groups, respectively, indicating approximate 
ly 90% satisfaction with treatment. Finally, subjects were 
asked to indicate the presence of four (4) "autonomic" 
symptoms - nausea, dizziness, tinnitus and aura. Of 7 
subjects reporting nausea prior to treatment, all reported 
complete relief, and 8 out of 9 (94%) subjects reported 
relief of dizziness. No subjects reported experiencing tin 
nitus or aura. These data were also statistically signifi 
cant.

Miller et al. [24], in 1984, reported on a single case of 
"long-standing uncomplicated tension headache." Thir 
teen (13) manipulative treatments were rendered, result 
ing in a reduction of headache frequency from 2.6/day to 
1.0/day within I/week. Use of analgesic medication was 
similarly reduced.

In 1985, Jirout [18] reported on 200 subjects who had 
previously been involved in a roentgenological study of 
motion blockage or fixation at the C2-3 segments. 
Ninety precent (90%) of subjects with this vertebral 
dysfunction reported the presence of headaches. 
Manipulation, directed to these areas of fixation, resulted 
in complete relief in approximately 80% of this sample.

Droz and Crot [8], in 1985, reported on chiropractic 
care of "occipital headaches." They conducted a retro

spective survey of 332 subjects. Treatment results were re 
ported as follows: 80% had complete relief, 10% had 
good relief, (75% reduction) and 3% were slightly better 
(50%), giving a 93% success rate. They noted that no 
subject was worsened.

Turk and Ratkolb [35] in 1987, reported on 100 cases 
of headaches attributable to the cervical spine that were 
treated by manipulation. Nine manipulation treatments 
produced significant reduction of headaches in 75% of 
subjects. At the 6-month follow-up, 65% still had signifi 
cant improvement, while 35% had recurrence of symp 
toms. A significant reduction of analgesic usage was re 
ported.

In summary, the literature includes six descriptive 
surveys of treatment outcomes (see Table 1). None of 
these studies was a randomized controlled trial, nor are 
there any comparative trials. The empirical literature 
reports success rates ranging from 80% to 90%, but no 
scientific test of these claims has yet been forthcoming.

Migraine headaches

Numerous authors cite the advantage of spinal manipula 
tion in the treatment of migraine, without actually repor 
ting any quantitative results. The work of Figar and Jan- 
sky [11] on cranial-vascular reflexes in subjects with 
"vertebrogenic migraine" refers to the success obtained 
with manipulation. A host of chiropractic and osteo- 
pathic writers [38] have extolled the virtues of manipula 
tion in the treatment of migraine. Notwithstanding this 
extensive empirical tradition, only two studies have pro 
vided data on treatment outcomes, one of these being the 
only randomized clinical trial in the literature.

Wight [39] in 1978, reported on 87 non-randomly 
selected subjects (57 females, 30 males), 34 of whom had 
common migraine, and 53 with classic migraine. The

Table 1. Clinical studies of spinal manipulation in the treatment of headache

Authors Reference Manipulators No. of subjects Headache

A, Doctor of medicine; B, chiropractor; MC, muscle contraction; MIG, migraine (adapted from [38])

Results

Lewit

Lewit

Vernon
Jirout 
Droz & Crot
Turk & Ratkolb
Wight
Parker et al.

Total no. of
subjects
Average outcome

[22]

[22]

[36]
[IS] 

[8]
[35]
[39]
[25]

A

A

B
A 
B
A
B
A and B

41

93

33
200
332
100
57 (F)
52 (F) 
33 (M)

MC

MC

MC
MC 
Occipital
MC
MIG
MIG

971

Manipulation was the most 
effective treatment
Manipulation most 
effective
85-90% success
80% success 
807t very successful
T5°?t success
75% success
28% success 47% at 2-year 
follow-up

71 % success (w/o Parker 
et al. - 80%)
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results of chiropractic treatment were as follows: 80% im 
provement levels were classed as "greatly improved," and 
85% of females and 50% of males in the common 
migraine group obtained this level of improvement, while 
78% of females and 75% of males in the classic migraine 
group were similarly helped. The overall success rate for 
both categories for both sexes was 74.7%. In those sub 
jects not reporting a greatly improved status after treat 
ment, a reduction of severe attacks was achieved for 
81.5% of females and 45.8% of males in the common 
migraine group and 43.2% and 34.5%, respectively, in the 
classic migraine group.

Parker et al. [25] also in 1978, conducted a randomiz 
ed controlled trial in 85 subjects (33 males, 52 females) 
with "migraine headaches", comparing chiropractic 
manipulation, medical manipulation and control/mobili 
zation performed by physiotherapists. The mean age of 
the subjects was 41 years, while the mean duration of the 
complaint was 19 years. Seventy percent (70%) suffered 
from common migraine, while 30% suffered from classic 
migraine. Subjects underwent a 2-month baseline, from a 
2-month treatment stage, and a further 2-month follow- 
up period. An average of seven (7) treatments were 
delivered in the treatment stage.

The frequency of migraines was reduced by 40% in 
the chiropractic group, 34% in the mobilization/control, 
and 13% in the medical manipulation group. The overall 
improvement for all three groups was 28%. Only one hy 
pothesis achieved statistical significance (0.01), that being 
that the severity of headaches was reduced in the 
chiropractic manipulation group. Pretreatment measures 
of expectation of outcome response by subjects and 
treaters indicated a higher response in the chiropractic 
group. The authors concluded that such high expecta 
tions exerted a direct effect on pain ratings, and, as such, 
the finding that a single parameter of headache activity 
(severity) was significantly reduced in chiropractic-treated 
subjects was probably due to a placebo response.

A follow-up study was published in 1980 [26] examin 
ing the psychosocial correlates to successful outcomes in 
the first study. It was noted that at 20-month follow-up, 
a further 19% of subjects had achieved a good recovery, 
constituting an overall 47% success rate. An interesting 
aspect of the data that did not receive statistical attention 
was the number of subjects who achieved a complete 
recovery. Of these, 14 subjects (16%), 8 (57%) were in the 
chiropractic group, 1 (7%) was in the medical group, 
while 5 (36%) were in the control group. Regarding the 
psychosocial correlates of successful treatment outcome, 
only one - sex - achieved statistical significance (0.01) 
so that, according to Parker et al., female patients res 
pond significantly better than male ones to "physical 
therapy" treatments for migraine.

Wight's study was, of course, no more than a retro 
spective survey of a clinician's own level of success within 
his practice, and it cannot therefore be regarded as having 
high validity. While the Parker et al. study was a ran 
domized controlled trial, it was not without flaws, which

combined to create a threat to the external validity of the 
trial. First, a relatively small number of treatments (7) 
was employed, which, especially since they extended over 
a 2-month period (i.e., one treatment per week) may very 
well have been insufficient to effect much change in what 
is accepted by all to be a chronic, recurrent condition. 
More importantly, though, in all of the hypotheses tested, 
which included reductions in headache frequency, dura 
tion and use of medication, and which, as reported in the 
study, did not achieve statistical significance, the greatest 
improvements were in the chiropractic-treated subjects. 
As such, this study suffered from a low power, a common 
fault in many clinical trials (especially involving 
manipulation) [7]. With a larger sample size, this clinical 
trial would have produced a positive result for chiroprac 
tic manipulative treatment of migraine.

Table 1 summarizes the extent of clinical studies in 
which spinal manipulation was used as a primary treat 
ment for both muscle contraction and migraine 
headache.

Case reports

Case 1: A 35-year-old woman presented with an 11-day history of uni 
lateral upper neck pain and headache. She related the onset of her pain 
to a stay in hospital during which she underwent a surgical procedure 
with general anesthesia. At postoperative recovery, she began to ex 
perience intense pain localized to her right suboccipital region which 
radiated forward around the temple to the supraorbital area (see Fig. 1). 
She had no previous history of neck pain and/or headaches. By the 11th 
day, the headache was described as a constant sharp pain of high severi 
ty (see Fig. 2: baseline.) The headache was not accompanied by nausea, 
lacrimation, pain in the right eye or dizziness [13]. The patient was quite 
debilitated by her condition.

Examination showed an antalgic head/neck posture with persistent 
tilt and rotation of the head to the left. Head/neck movements to the 
right in rotation and lateral flexion as well as in backward extension 
reproduced the upper cervical pain and mildly provoked the headache. 
Manual palpation revealed the presence of suboccipital muscle spasm 
on the right with a trigger point located in the right rectus capitis 
posterior major muscle, which is easily palpated between the spinous 
process of C2 and the occipital brim, which were also sites of

Front Back

, 
( \

Right

Fig. 1. Pain pattern in case 1
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HA Severity 
(0-10 VAS)

Aspirin use 
(# tablets!

Time
Fig. 2. Clinical course in case 1

tenderness. The spinous process of C2 was felt to be quite prominently 
rotated to the right, and joint play movement was completely absent 
when pressure was applied to the spinous process toward the left (i.e., 
to stress C2-3 in right rotation) indicating hypomobility or fixation of 
C2-3 on the right [6, 19]. This joint play maneuver was the most 
tender of all examination procedures. Palpation of the tender points in 
the joint play maneuver reproduced the radiating head pain.

Plain film X-rays were obtained of the cervical spine. The open- 
mouth A-P view revealed severe offset of the spinous process of C 2 to

the right confirming the physical findings of the examination (Figs. 3, 
4). The lateral view demonstrated alordosis.

It was concluded that a hyperextension and rotation strain of the up. 
per cervical spine had occurred during surgery (i.e., related to general 
anesthesia), which had resulted in a traumatic facet syndrome of C2-3 
on the right producing local and radiating neck and head pain symp 
toms, which were easily reproduced during the examination.

This patient was treated with a course of manipulative adjustments 
directed to the hypomobile C2-3 facet joint. Figure 2 shows the time 
course of the severity and medication useage as well as the incidence of 
headache on a day-to-day basis. A single manipulation directed at the 
hypomobile C2-3 facet joint resulted in over 80% relief within 1 day. 
The second manipulation resulted in complete remission of the symp 
toms.

Follow-up at weekly intervals for 3 weeks revealed no recurrence of 
any neck or head pain and no tenderness, spasm or hypomobility asso 
ciated with the C2-3 facet joint. The patient was discharged with a 
complete recovery.

Case 2: A 37-year-old man presented with a 3-day history of neck pain 
and headaches brought on by a twist of the neck during some horseplay 
with his children. He located his pain focally in the suboccipital region 
on the left with a more diffuse radiation into the left scapular area 
(Fig. 5). In addition, he complained of a bilateral frontal headache 
which was felt as a constant severe ache. He denied any previous history 
of neck pain and headaches. There was no nausea or lacrimation.

On examination his head was held stiffly in the mid-line. Painful 
ranges of head/neck movement included left rotation, left lateral flex 
ion and extension. Spasm was noted on manual palpation in the left 
suboccipital muscles and the left anterior cervical muscles in the lower 
cervical area. There were trigger points in these muscles as well, each of

Fig. 3. A-P open-mouth upper cervical X-ray. Note offset of C2 
spinous process to the right

Fig. 4. Lateral cervical X-ray showing posterior tipping of C1 or C2. 
Also note the alordosis, which is typical of headache sufferers
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Fig. 5. Pain pattern in case 2 Fig. 7. Pain pattern in case 3

which reproduced a component of the complaint - the suboccipital 
trigger point referred pain to the left supraorbital area, the scalene trig 
ger point referred pain to the scapular region on the left. Joint dysfunc 
tion (hypomobility) was detected at C2-3 and C5-6 on the left asso 
ciated with the scalene muscle spasm. X-rays were not obtained.

At the time of our consultation the headache was rated as daily, with 
a severity score of 10/10 on days 1 and 2, and 5/10 on the 3rd day. 
Aspirins were being used three times daily. The diagnosis was C2-3 
facet syndrome on the left with a bilateral cervicogenic headache.

A course of manipulation was initiated which produced immediate 
results. Figure 6 charts the outcome parameters. The active treatment 
phase lasted 1 week at which time the patient was virtually painfree. 
Three-week follow-up showed no recurrence.

Case 3: A 43-year-old woman presented with a 10-day history of right- 
sided suboccipital pain of no attributable onset. The pain was described 
as constant, sharp and quite localized and accompanied by a radiation 
of headache over the right temple to the right supraorbital area. This 
radiation was described as a sharp pain which had a zone of tenderness 
and sensitivity located over the right parietal area (Fig. 7). The patient 
denied any previous history of neck complaints or severe headache.

Examination revealed that her head was held stiffly in the mid-line. 
There was painful limitation of rotation and lateral bending to the right 
which reproduced the local suboccipital pain. Forward flexion was pain 
fully limited and reproduced both neck and head pain. There was spasm 
in the suboccipital muscles on the right, chiefly those around the first 
cervical joint. There was no significant tenderness over the right C2- 3 
facet joint. There was exquisite tenderness over the occipital rim at the 
middle occipital point which was interpreted to be over the exit of the 
greater occipital nerve. This pressure recreated the head pain precisely. 
Joint fixations were palpated between occiput-atlas, and CI -2.

The headache was rated as daily in frequency and as a 10/10 in 
severity. There was no nausea, lacrimation or photophobia. There was 
no jaw pain and no pain in the ear or in the eye on that side. There were 
no other ocular symptoms. The diagnosis of occipital neuralgia second 
ary to upper cervical joint dysfunction was made. Treatment by 
manipulation was commenced.

By the third treatment (1 week), a 50% improvement was obtained. 
After another 9 days (or after six treatments), all the patient's symp 
toms had resolved and her medication use was terminated. This status 
was maintained for the next 6 weeks until the patient was discharged 
(Fig. 8).

HA Severity 
(0-10VAS)

Medication 
use

Time

HA Severity 
(0-10 VAS)

- =
u3 O w^Oes Z m Z -* Z u-»

fig. 6. Clinical course in case 2

0-

Fig. 8. Clinical course in case 3
Time
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Discussion

Sjaastad, Fredrickson and their colleagues have insisted 
that the diagnosis of cervicogenic headache currently be 
restricted to unilateral headaches aggravated by neck 
movements and accompanied by autonomic signs, pri 
marily nausea and lacrimation. They have speculated that 
the cause of this syndrome is most probably a "rhizo- 
pathy at C2-3" [32]. Bogduk [2, 5] and others [8, 15, 16, 
18, 21, 22, 24, 35, 36] have consistently characterized this 
rhizopathy as a "hypomobility" of the upper cervical 
apophyseal joints which is best detected by the skillfull 
manual palpatory techniques practiced typically by 
chiropractors and other practitioners of spinal manipula 
tion. It is the contention of Bogduk [2] and of numerous 
other authors [38] that manipulation is an ideal form of 
treatment for this problem and, hence for cervicogenic 
headache.

This case series demonstrates the kind of therapeutic 
efficacy typical of the case series literature on manipula 
tion. In the first two cases improvement was noted very 
rapidly (each within 1 day), while in the third case im 
provement was more gradual. Each of these cases 
deserves comment both for its relationships to the "cer 
vicogenic" diagnostic category and for its response to 
manipulation.

Case 1 is noteworthy for the mode of onset. Traumat 
ic injury during operative anesthesia is a rarely reported 
cause of headache and one which in this case was 
dismissed as "stress-related." The cervicogenic etiology 
was detected only later, even though the clinical picture 
was the most similar to that of the cases of Sjaastad et 
al. [32]. Even so, the autonomic concommitants were ab 
sent, and provocation occurred with extension, not flex 
ion. While numerous manual diagnostic procedures and 
X-ray findings confirmed the cervical origin, the response 
to corrective treatment directed at the offending spinal 
joint dysfuncion by manipulation certainly clinched the 
diagnosis.

While case 2 is quite similar in its ultimate presenta 
tion and in the obvious involvement of the C2-3 facet 
joint, it is distinguished by the bilaterality of the 
headache. Even while Sjaastad et al. [32] have insisted on 
unilaterality, they have in fact proposed the curious 
category of double unilateral headaches involving both 
sides of the cervical spine separately, creating individual 
but fused head pain patterns. Sessle et al. have found that 
over 30% of convergent neurons in the nucleus sub- 
caudalis are stimulated by contralateral input from the 
C3 nerve root [30], providing a neuro-anatomical basis 
for contralateral as well as ipsilateral pain referral from 
a unilateral facet dysfunction. As such, the insistence on 
unilaterality may have some a priori appeal in increasing 
diagnostic specificity, but it will ultimately fail to include 
the full range of headaches of cervical origin.

Case 3 is noteworthy in that it represents a fairly 
typical case of occipital neuralgia but an untypical "cer 
vicogenic" headache, since that the prominent facet in

volvement was higher in the upper cervical complex, 
especially at occiput-atlas. Hypomobility of this joint is 
rarely mentioned; however, Lewit did remark on "pain 
arising from the posterior arch of atlas" [22]. Pfaffenrath 
et al. found the most consistent hypomobility in the cer 
vical spine on computer-aided motion X-ray analysis was 
at CO-1 [28]. This dysfunction is theoretically just as po 
tent a source of noxious input and is also potentially a 
source of direct irritation of the greater occipital nerve as 
it passes over the occipital brim. There are no reports of 
manipulation in the treatment of "occipital neuralgia" 
but even here, diagnostic confusion and mislabelling have 
probably clouded the picture.

The mechanism of effect of spinal manipulation is 
still speculative. Nonetheless, its proponents 'argue that 
spinal manipulation results in reduction of joint pain 
[40], reduction in muscle spasm [20], and reduction of 
tenderness in myofascial structures [34]. The reduction of 
nociception from upper cervical joint structures would 
certainly be reflected in reduced activation of the neural 
pathways of referred head pain subserved by the spinal 
tract of the trigeminal nerve [1] and the C1 and C2 nerve 
roots [33]. Manual therapeutics have traditionally been 
associated with manual diagnostic procedures such as 
have been described above. Bogduk [5] and lull [19] have 
provided validation for this empirical situation in which 
joint dysfunctions can be reliably detected and effectively 
corrected by specific manual methods.

Conclusion

Three cases of acute headache of cervical origin have 
been described. Manual diagnostic procedures allow for 
confidence in the diagnosis prior to a treatment trial, 
while the response to manipulation clinches the diagnosis 
retrospectively. Headache specialists are urged to con 
sider broadening the criteria for "cervicogenic head 
aches." In addition, more attention should be paid to 
spinal manipulation as a potentially effective modality of 
treatment for this broader spectrum of headache cate 
gories.
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The Neck Disability Index: A Study of Reliability and Validity
HOWARD VERNON, D.C.* AND SILVANO MIOR, D.C.*

ABSTRACT
Injuries to the cervical spine, especially those involv 

ing the soft tissues, represent a significant source of 
chronic disability. Methods of assessment for such dis 
ability, especially those targeted at activities of daily 
living which are most affected by neck pain, are few in 
number. A modification of the Oswestry Low Back 
Pain Index was conducted producing a 10-item scaled 
questionnaire entitled the Neck Disability Index (NDI). 
Face validity was ensured through peer-review and 
patient feedback sessions. Test-retest reliability was 
conducted on an initial sample of 17 consecutive "whi 
plash "-injured patients in an outpatient clinic, resulting 
in good statistical significance (Pearson's r = 0.89, p < 
.05). The alpha coefficients were calculated from a pool 
of questionnaires completed by 52 such subjects result 
ing in a total index alpha of 0.80, with all items having 
individual alpha scores above 0.75. Concurrent validity 
was assessed in two ways. First, on a smaller subset of 
10 patients who completed a course of conservative

care, the percentage of change on NDI scores before 
and after treatment was compared to visual analogue 
scale scores of percent of perceived improvement in 
activity levels. These scores correlated at 0.60. Sec 
ondly, in a larger subset of 30 subjects, NDI scores were 
compared to scores on the McGill Pain Questionnaire, 
with similar moderately high correlations (0.69-0.70). 
While the sample size of some of the analyses is some 
what small, this study demonstrated that the NDI 
achieved a high degree of reliability and internal con 
sistency. As well, it appears to be sensitive to the levels 
of severity of complaint, and to changes in severity in 
the course of treatment. While further study is recom 
mended, the NDI is offered as a potentially useful 
instrument in the assessment of neck pain complaints. 
(J Manipulative Physiol Ther 1991; 14:409-415).

Key Indexing Terms: Cervical Vertebrae, Pain Meas 
urement, Disability.

INTRODUCTION
Neck pain complaints, especially those arising from 

motor vehicle accidents (MVA), affect an increasing 
number of persons. Fortunately, the majority of such 
accidents do not result in death, but unfortunately, 
bodily injuries do occur. In 1986, available Canadian 
MVA statistics (excluding Quebec) revealed an increase 
of 15% in bodily injuries as opposed to a 4% decline in 
deaths during the previous 3 yr (I) (Table 1). In addition 
to these annually reported "new" injuries, those pre 
vious injuries whose symptoms have not resolved must 
be taken into account. According to Ameis (2), 15% of 
MVA victims fail to achieve full functional recovery,
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Submit reprint requests to: Howard Vcrnon, D.C., 1900 Bayview 
Avenue, Toronto, Ontario Canada M40 3E6.
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while 40-70% have some mild to moderate symptom 
persistence. Consequently, the annual prevalence rates 
of persons suffering as a result of motor vehicle acci 
dent-related injuries significantly increases.

Such increases are not only reflected in prevalence 
rates but in cost estimates as well. From the data cited 
above (1), of approximately 3.75 billion dollars spent 
on MVA-related claims, 46% (or about 1.75 billion 
dollars), was paid for bodily injuries. These figures may 
underestimate the actual costs, since they fail to con 
sider lost work days and litigation-related expenses.

Considering the costs to society of these and other 
nontraumatic neck pain complaints, it is surprising that 
there is a paucity of methods of evaluating patients 
with soft tissue injuries of the cervical spine. The exist 
ing evaluations are quite underdeveloped and unsyste 
matic. They are conducted by a variety of practitioners, 
some of whom are designated as "independent" or 
"expert." Their evaluations are typically qualitative, 
subjective, uninstrumented, and often based solely
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TABLE 1. Validity analysis of NOI

Validity analysis
Correlation 

(Pearson's r)
1. NDI vs. MPQ total score 0.70
2. NDI vs. MPQ number of words 0.69
3. NOI % change vs. VAS % change 0.60

upon clinical experience and the reputation of the 
evaluator.

Since whiplash-type injuries create far more morbid 
ity than mortality, it is sensiblejo approach the evalu 
ation of such injuries via an assessment of the disability 
which is eventually experienced by so many of its 
sufferers. One of the strategies that has been adopted to 
assess disability in other musculoskeletal pain condi 
tions is to assess the effect of the condition on activities 
of daily living (ADL) (3-5). In assessing low back pain, 
for example, Fairbank et al. developed the Oswestry 
Low Back Pain Index (6), a 10-item ordinal scale ques 
tionnaire, with a maximum score of 50 (maximum of 
5 on each of the IO items). This instrument was found 
to reliably and sensitively measure the impact of low 
back pain on specific, typical and relevant activities of 
daily living. Triano and Schultz (7) have recently shown 
that Oswestry scores above 13 out of 50 correlate highly 
with the presence of objective measures of lumbar 
muscle dysfunction and high pain scores; scores below 
13 are, conversely, highly correlated with the absence 
of these findings. The Roland-Morris scale, was devel 
oped as an easy-to-use form of the Sickness Impact 
Profile (SIP), which has been found to correlate well 
with Oswestry scores (8). The SIP, itself, is a much 
larger instrument consisting of 136 items. The need for 
shorter, complaint-specific versions of the SIP has been 
recognized even by its proponents (9).

Another instrument, recently developed by Pollard 
(10), is the Pain Disability Index (PDI). The PDI is 
composed of seven visual analogue scales that rate a 
subset of activities of daily living. The PDI has been 
shown to have good reliability, and to validly discrim 
inate levels of complaint severity. It also correlates well 
with other measures of psychosocial disturbance, no 
tably, abnormal illness behavior (11). The PDI was not 
designed for any specific pain complaint (in fact, its 
great usefulness lies in its broad applicability), and it 
appears not to have been used in the study of neck pain 
complaints.

After conducting the standard computerized 
searches, we were unable to find an instrument which 
assesses ADL in persons with neck pain. An instrument 
like this would hopefully have an impact on the man 
agement of such patients at a number of separate, but

interdependent levels, including general clinical prac 
tice, medicolegal and insurance proceedings, as well as 
in research into the characteristics and responses to the 
treatment of whiplash and chronic neck, pain sufferers. 
Toward that end, an instrument has been developed 
known as the Neck Disability Index (NDI). This is a 
revised form of the Oswestry Low Back Pain Index. 
The purpose of this paper is to report the reliability and 
validity of the NDI.

METHODS
After permission from the authors was obtained, the 

Oswestry Index was reviewed with the intention of 
identifying those items which appeared most relevant 
to the needs of assessing patients with neck pain. Six 
items were initially found to be suitable (pain intensity, 
personal care, lifting, sleep, driving, and sex life). A list 
of additional ADL applicable to neck pain complaints 
was compiled from a review of the descriptive literature 
on whiplash and chronic neck pain (1, 12-18). This list 
was submitted to a consulting team of clinical practi 
tioners whose consensus ratings resulted in four addi 
tional items: headaches, concentration, reading, and 
work. Rating scales similar in structure to those of the 
Oswestry Index were then prepared and submitted to 
the team for review. Syntactic and scaling errors were 
corrected and a first draft was prepared. This was 
submitted to a pilot group of five whiplash sufferers in 
the Outpatient Clinic of the Canadian Memorial Chi 
ropractic College, who reviewed the form for ease of 
reading, comprehensibility and personal relevance of 
the different items.

The only item that provoked unanimous disconcert 
ment, and which several subjects refused to answer, was 
"sex life." This was removed and replaced by "recrea 
tion," which was found to be acceptable to all of the 
pilot group of patients. One final revision occurred at 
the suggestion of the review team. Two items in the 
original Oswestry Index involved scales that contained 
the "use of tablets" as the dependent measure ("pain 
intensity" and "sleep"). It was suggested that such 
phrasing would be, on the one hand, semantically awk 
ward to most North Americans, and, on the other hand, 
would prove difficult to answer for those patients not 
taking "tablets" (i.e., medication or "pills") for pain 
reliefer for the management of sleep disturbance. The 
rating scale for "pain intensity" was thus altered to 
reflect only the intensity of the disturbance as opposed 
to the use of a particular form of treatment (such a 
correction has since occurred for the "pain intensity" 
item on the original Oswestry Index [J. Fairbank, per 
sonal communication]). A similar modification was
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made to the "sleep" item, unfortunately only later in 
the study.

Therefore, the final form of the NDI consisted of five 
scales from the original Oswestry Index, two of which 
were revised considerably, and five new scales (Figure 
1). This stage of development completed the determi 
nation efface validity, resulting in a comprehensible, 
relevant instrument, which shared the features of ease

of use. scoring and the general format of presentation 
as derived from the original Oswestry Index.

Forty-eight subjects. 17 males and 31 females, suffer 
ing from neck pain who visited an outpatient chiro 
practic clinic (at the Canadian Memorial Chiropractic 
College) from October 1987 to June 1988 were studied. 
The average age of the subjects was 35 yr for the females 
(range 22-48 yr) and 41 yr for the males (range 18-55

NECK DJSABIUTV INDEX

.'This questionnaire has been designed to give the doctor Information as to how your neckpiinhas 
S affected yourabilityto manage:in eveiydaylifc. Pleaseansvver every section and ma/kin eadisection
* only the ONE box which applies to you. We realize you may consider that two of the statements in
• any one sectionrelale to you,but please just mark the box which mosldosely describes your problem.

Section 1 - Pain Intensity
I I I have no pain at the moment.
t 1 The pain it very mild althc moment.
1 ' The pain is moderate at the moment.
1 ' The pain is fairly severe at the moment.
t I The pain is veiy severe at the moment.
1 f The pain n the worst imaginable at the moment.

Section 2 • Personal Ore (Washing, Dressing etc.) 
I -.i 1 can look alter myself normally without causing 
__ artra pain. 
1 ' I can look after myself normally but it causes

extra pain. 
1——I It is painful to took after myself and I am slow

and careful.
| I I need ionic help but manage most of my personal cam 
I I I heed help every day in most alpcctcof sclfcarc. 
'——' I do not gel dtessed. I wash with difficulty and

May in bed.

Section 3 -Lifting
i "i I ean lift heavy weights without extra pain, 
I I lean lift Heavy weights but it gives extra pain. 
' ' Pain prevents me from lifting heavy weights off the

floor, but I can manage i/ iXey tie conveniently posi
trancd. for example on a table. 

I——I Pain prevents me from lifting heavy weights,but I can
manage light to medium weights, if they are ronvcn
icnlly positioned. 

I I I can lift very light weights. 
' ' 1 cannot lift or cany anything at alt

Section 4-Reading
I I I can rcad as much as J want to with no pain in my

neck. 
f~~l I can read if much a s1 want to with slight pain in my

neck. 
I—1 I can lead as much as I want with moderate pin

in my neck. 
1 i I ean'licad as much as I want because of moderate

pain in my neck. 
I——> lean hardly r«d at all because of severe pain in

my neck. 
I I 1 cannot read at all.

Section 5 - Headaches
f——1 I have no headaches at all.
f~~l I hive slight headaches which come in-frcqucntly.
I"""1 I have moderate Headaches which come in-frcejuonlly.
r~~l I have moderate headaches which come frequently,
i~~1 | have severe headaches which come frequently.
I——I | have headaches almost all the time.

Section 6- Concentration
I—~| I fan concentrate fully when I want to with no

difficulty. 
< Tl I can conccmraic fully when I want (o wiih slight

difficulty.
I——I I luvc a fair ilcgcee of difficulty in concentrating 
__ v.-hcn I want to. 
i ri 1 have a lot of difficulty in concentrating when I

wjnl to. 
f i I have a gmai deal of difficulty in concentrating

when I want to 
I ^ I cannot coftcentraie-al all. ________

Section?-Work
' t I can do as much work as I want to. 
I 1 I can only do my usual work, but no more. 
i i lean do most of my usual work, but no more. 
I 1 I cannot do nty usual work. 
i i lean Kardly do any work at alt. 
CU I can't do any work at all.___________

Sections -Driving
i i lean drive my car without any neck pain.
f ^1 I can drive my ear as long as I want with slight

pain in my ncck.
I '7 I can drive my ear as long as! want with moderate 
__ pain in my neck. 
' ' I can't drive my car as long as I want because of

moderate pain in my neck. 
I "I lean hardly drive at all because of severe pain in

my neck. 
'——I I can't drive my car at all.

Section 9 • Sleeping
I—3 I have no trouble sleeping.
' I My sleep b slightly disturbed (less than 1 hr. sleepless).
Cn My sleep is mildly disturbed (1-1 hrs. sleepless).
I——I My ilecp is moderately disturbed (2-J hrs. sleepless).
I——I My lloep b greatly disturbed (3-S hrs. sleepless).
' ~< My sleep is completely disturbed (S-7 hrs. sleepless).

Section 10 - Recreation
I I ! am able to engage in all my recreation activities with
__ no neck pain at all
I—1 I am able to engage in all my recreation activities, with

some pain in my neck. 
I—1 I am able to engage in most, but not ill of my usual

recreation activities because of pain in my nctk. 
'——' I am able 10 engage in a few of my usual recreation 
__ »elivHtc3 because of pain in my neck. 
CTI I can hardly do any recreation activities because 
__ of pain in my neck.
<——J I ean't do any recreation activities at all.

Figure 1. The Neck Disability Index [modified from (10), with permission].
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yr).*Thirty-four (70%) of the subjects had sustained a 
whiplash-type injury within the past 4-6 wk, while 14 
(30%) of the subjects presented with more chronic 
nontraumatic neck complaints. Two of these had suf 
fered a whiplash-type injury within 1.5 yr, while the 
remainder suffered from mechanical pain syndromes, 
chiefly related to occupational or lifestyle stresses, with 
an average duration of 14 wk (range: 2-128 wk).

The first 17 subjects were given the NDI as part of 
their initial consultation in the clinic. Consent was 
obtained, instructions on completing the form were 
given, and it was filled out in the office. The subject's 
next visit was appointed 2 days later and no treatment 
was delivered on the first visit. Upon return to the 
clinic, the second NDI was filled out immediately. As 
such, a consistent 2-day no treatment interval was 
obtained between the completion of the two forms. A 
Pearson Product Moment correlation coefficient was 
calculated on the test scores, while age and gender 
effects were analyzed using regression analysis.

The reliability of each item and for the total index 
was calculated by using the alpha coefficient of Cron- 
bach(19).

Mean scores of the total index were tabulated on a 
frequency histogram, the plot of which reveals the 
distribution of scores from very low to very high. The 
degree to which this distribution was seen to match that 
of the clinical population in the study was used as a 
rough measure of construct validity.

Concurrent validity was assessed in two separate 
analyses. First, a subset of 10 subjects who completed 
a course of conservative treatment in the clinic were 
further studied by having them fill out a subsequent 
NDI form after 3 wk of treatment. At the same time, 
subjects completed a visual analogue scale which rated 
the improvement (i.e., the percent change) in activity 
levels since the start of treatment (20). The percentage 
of improvement from the VAS was compared to the 
percentage change in the pre- and posttreatment NDI 
scores. Treatment consisted of conservative (chiroprac 
tic) therapeutics (14-18). A Pearson Product Moment 
correlation coefficient was obtained on the change 
scores, and was taken to indicate the degree of sensitiv 
ity of the NDI to treatment effects.

Second, a subset of 30 subjects completed a McGill 
Pain Questionnaire (21). This instrument has been 
reported extensively in the assessment of low back pain 
(22), and was viewed, in the context of the present 
study, as a "gold standard" with regard to severity of 
the pain experienced by the subjects. Again, a Pearson 
Product Moment correlation was conducted on the 
NDI and MPQ scores. In all analyses, alpha was set at 
0.05.

RESULTS

Test-retest Reliability
The correlation coefficient was calcuated as 0.89 (/; 

< .05). The effect of age and gender was found not to 
be statistically significant.

Internal Consistency
The mean score, ranks and alpha values for each 

item are shown in Table 2. The items with the highest 
scores included: headaches (2.6), lifting (2.2), recreation 
(2.2), reading (2.1) and driving (2.0). All items achieved 
an alpha coefficient above 0.76, while the total index 
alpha coefficient was calculated as 0.80.

Construct Validity
The frequency histogram of the range of scores is 

shown in Figure 2. Simple units of 5 or 10 were used 
to calculate the intervals, which when matched to the 
data revealed a nearly normal distribution with the 
largest category being in the mid-range. Eighty-three

TABLE 2. Total score and item reliability analysis
Item

1. Pain intensity 
2. Personal care
3. Lifting 
4. Reading 
5. Headache
6. Concentration
7. Work
8. Driving 
9. Sleeping 

10. Recreation
Total Index = 0.80

Mean score
1.70 
0.75
2.20 
2.10 
2.60
1.10
1.50
2.00 
1.40 
2.20

Rank
6 

10
2
4
1
9
7
5 
8 
3

Alpha

0.79 
0.78
0.78 
0.78 
0.84
0.77
0.76
0.76 
0.81 
0.77

48%

0-4 
None

5-14 
Mild

15-24 
Moderate

25-34 
Severe

>35
Complete

Figure 2. The Neck Disability: frequency plot of total scores.
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percent of the scores were in the mild to moderate 
categories.

Concurrent Validity
The correlation between changes in NDI scores pre- 

and posttreatment and those of an improvement VAS 
for activity levels was 0.60, indicating a moderately 
high degree of positive correlation. The average change 
in NDI scores was 33.2%, while for the VAS scores it 
was 56% (Table 3). The correlation coefficients for 
NDI/MPQ-total score and NDI/MPQ-number of 
words were 0.70 and 0.69, respectively.

DISCUSSION

Reliability and Item Analysis
This study is largely a modification and replication 

of the original study design of Fairbank et al., which 
promulgated the Oswestry Index (6). Remarkably, very 
little systematic evaluation of that Index has been re 
ported. In one evaluation, Waddell and Main (23, 24) 
modified the original scales, choosing to use singular 
cut-off points in each item, thereby creating a simpler 
dichotomous rating of "less than" or "more than" a 
criterion level of each activity. Other scales for low back 
pain have been created, although very little comparative 
validation has been conducted specifically including 
the Oswestry Index.

To our knowledge, no revision of the Oswestry Index 
has been reported for assessment of disabilities related 
to problems in other regions of the spine. Considering 
the magnitude of disabling neck pain, such a modifi 
cation seemed warranted. The Oswestry format was 
used as it seemed to best serve the identification of 
separate and distinct components of ADL, while also 
allowing for a global disability score. Our revision con 
sisted of substituting the four least relevant items from 
the original low back pain scale (walking, sitting, stand 
ing and sex life), with four items of greater relevance 
for patients suffering from disabling neck pain (reading, 
headaches, concentration and work). Two other items 
were adapted, namely "sex life" was modified to "rec 
reation," and "travelling" became "driving," with com 
mensurate changes in the detractors of each item. Two 
other items were retained with modification to the

TABLE 3. Motor vehicle accident statistics—injuries and deaths 
(1980-1986) (15)'

Year

1980 
1983 
1986

Injuries
239.640 
224.304 
264.481

Deaths
5,409 
4.216 
4,071

' Source: Insurance Bureau of Canada.

detractors only, namely "pain intensity" and "sleep 
ing," in each case the change consisted of removal of 
"use of tablets" as the dependent measure. The items 
"personal care" and "lifting" were retained in their 
entirety.

Our results suggest a high degree of test-retest relia 
bility and internal consistency of the NDI. These results 
compare quite favorably to those obtained recently with 
other pain rating instruments. For example, Tait et al/s 
(25) assessment of the internal consistency of the Pain 
Disability Index was 0.87; while Margolisetal. reported 
the test-retest reliability of the pain drawing instrument 
to be 0.85 (26).

The item analysis of the NDI revealed quite accept 
able alpha scores for all the items. Of the five highest 
scored items, three are specific activities which would 
appear to be most disturbed by neck-related disability: 
lifting, reading and driving. Higher scores on the rec 
reation item, indicate a significant disturbance of an 
important social context, although for many, this may 
be focused on one particular recreational activity.

Interestingly, scores for the headache item were 
higher in our subjects than were the pain intensity 
ratings, illustrating the significance of this symptom in 
chronic whiplash and nontraumatic neck pain syn 
drome. This is consistent with the findings of Balla and 
Kernaghan (27) on the prevalence and severity of head 
aches in whiplash-injured patients.

Aside from pain intensity, the four lowest scoring 
items (work, sleeping, concentration and personal care) 
present an interpretive challenge. Tait et al. (II) re 
cently proposed a two-factor interpretation, (the origi 
nal model being attributed to Fordyce et al. [28]) of the 
ADL which comprise the Pain Disability Index. The 
two categories were voluntary as opposed to obligatory 
activities. Most of the lower scoring items on the NDI 
fall into the "obligatory activity" category. In our sub 
jects, with moderate but not severe levels of complaint 
(see below), it appears that obligator)' activities are not 
greatly disturbed and may therefore contribute much 
less to the overall disability experienced. It remains to 
be seen if this is also true of subjects who suffer with 
more severe complaints.

Finally, age and gender appeared to have no effect 
on NDI scores, thus rendering the index suitable for 
the wide base of subjects such as is typically seen with 
disabling neck pain conditions. Overall, the high degree 
of reliability and internal consistency found in the 
original Oswestry Index has been replicated in the NDI.

Validity
This study was conducted in an outpatient chiro 

practic clinic. Subjects were necessarily ambulatory and
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self-selected with regard to the severity of their injuries, 
many of them having undergone lengthy courses of 
previous care (29, 30). As such, the condition of these 
subjects were not as severe as, for example, subjects 
seen in a hospital emergency ward. This is seen in the 
distribution of the total NDI scores (Figure 2), where 
the largest single group (48%) was in the moderately 
severe category, while the vast majority of scores (83%) 
ranked from mild to moderate. This finding also sup 
ports the scaling intervals which were used for inter 
preting the scores, these being slightly different from 
those in the Oswestry Index in that the scores of the 
group rated as "no disability" ranged only from 0-4. 
We interpret these findings to indicate that the NDI is 
sensitive to the overall level of complaint severity found 
in this subject pool.

The concurrent validity is further confirmed by the 
moderately high positive correlation between NDI and 
MPQ scores. This is especially important, given that 
the pain intensity scores, as rated on the NDI, were 
only in the low to moderate range. The overall disability 
score, however, appears to be approximately as sensitive 
as the gold standard in discriminating levels of com 
plaint severity.

The NDI also appears to be sensitive to changes that 
occur in time, particularly as a result of a therapeutic 
trial. The correlation with a simpler self-report measure 
of clinical improvement (the progress VAS) was positive 
and moderately high (r - 0.60). The NDI scores were 
typically lower than those of the VAS (by approximately 
40%). We interpret this to indicate that the NDI may 
be a more accurate indicator of the improvement in 
activity levels, since VAS scores, unreferenced to pre- 
treatment baselines, might have been overreported. 
However, since comparison of different pain rating 
scales involves significant psychometric complexities 
(31), further interpretation of the changes in the NDI 
scores as compared to those of the VAS would be 
speculative.

CONCLUSION
The Neck Disability Index, a revised form of the 

Oswestry Low Back Pain Index, has been offered as a 
self-reporting instrument for the assessment of ADL of 
sufferers of disabling neck pain, particularly from whi 
plash-type injuries. Studies of patients with these sorts 
of conditions would be greatly assisted by a condition- 
specific disability rating instrument. This has certainly 
been the case with research in low back pain since the 
advent of the Oswestry Index and other similar instru 
ments.

The NDI has been shown to demonstrate a high 
degree of test-retest reliability and internal consistency; 
to be applicable to a wide age range, unaffected by 
gender; and to have an acceptable level of validity, 
being sensitive to severity levels and to changes in 
severity over time.

Larger group studies, especially on more severe levels 
of complaint, should be conducted to fortify the psy 
chometric properties and the overall relevance of the 
NDI. If the findings of this initial study are replicated, 
then this instrument should find wide application in 
research on neck-disabled patients, in medicolegal cir 
cles and in the general practice assessment of patients 
with disabling neck pain.
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Cervicogenic Dysfunction in Muscle Contraction Headache 
and Migraine: A Descriptive Study
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ABSTRACT
Objective: The prevalence and nature of findings of 

cervicogenic dysfunction is explored in subjects with 
muscle contraction/tension-type (MCH) headache and 
common migraine without aura (CM).

Design: Descriptive survey.
Setting: Chiropractic outpatient research clinic.
Patients: Forty-seven (47) subjects, aged 18-55 with 

two categories of benign headache, were studied: MCH 
(tension-type) n = 19 (6 males, 13 females) and CM 
(without aura), n ~ 28 (3 males, 25 females). Subjects 
were recruited as part of an intervention trial and, thus, 
form a consecutive sample of patients. The present 
findings were elicited as part of the initial assessment.

Intervention: No therapeutic intervention is reported.
Main Outcome Measures: Standardized headache 

history; plain film and dynamic spinal X rays; motion 
palpation; and pressure algometry.

Results: For CM, the most prevalent headache loca 
tions were frontal (81 %) and occipital (78%). Neck pain 
and upper back pain accompanied headache in 90% 
and 41 % of subjects, respectively. For MCH, the most 
prevalent headache locations were occipital (87%) and 
frontal (81 %). Neck and upper back pain accompanied 
headache in 100% and 27%, respectively, of all subjects. 
For the total group, 77% of all subjects and 89% of 
females exhibited a marked reduction, absence or re 
versal of the normal cervical lordosis. Ninety-seven

percent of all subjects exhibited, on dynamic X-ray 
studies, at least one significant abnormality of segmen- 
tal mobility from Cl to C7, while 43% exhibited ab 
normalities at four or more segments. Segmental mo 
tion at CO-C1 was reduced in 90% of subjects in flexion 
and 70% of subjects in extension. On motion palpation, 
84% of CM and MCH subjects were found to have at 
least two major fixations from CO to C2. On pressure 
algometry, 92% of CM and 85% of MCH had at least 
one verifiable tender point (TP) in the upper cervical 
region. The most common locations for TPs were mid- 
cervical (C2-C3), lateral occipital and suboccipital.

Conclusions: Both MCH and CM subjects demon 
strate high occurrences of: a) occipital and neck pain 
during headaches; b) tender points in the upper cervical 
region; c) greatly reduced or absent cervical curve; and 
d) X-ray evidence of joint dysfunction in the upper and 
lower cervical spine. These findings support the premise 
that the neck plays an important, but largely ignored 
role in the manifestation of adult benign headaches. A 
case-control study should be conducted to confirm the 
greater prevalence of cervicogenic dysfunction in head 
ache as compared to nonheadache subjects. (J Manip 
ulative Physiol Ther 1992; 15:418-429).

Key Indexing Terms: Muscle Contraction, Head 
ache, Migraine, Cervical Vertebrae.

INTRODUCTION
The involvement of the cervical spine in the etiology 

of headache has a rich tradition of support in medical 
and heterodox writings over the past century (1, 2).
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However, even as a modern collection of work from 
authors such as Edmeads, Bogduk, Sjaastad and his 
colleagues and others (see below) is emerging, the role 
of the neck receives scant attention in the orthodox 
paradigms of cephalalgia.

It is even more the case that the conservative, heter 
odox treatment of headache directed at treatment of 
dysfunction of the cervical spine is virtually an ignored 
approach (3). To deal with this, a controlled clinical 
trial comparing spinal manipulation with a placebo was 
undertaken. This present study reports on characteris 
tics of dysfunction of the cervical spine in the study 
group, which, most importantly, was comprised of sub-
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jects diagnosed with muscle contraction (MCH) or 
common migraine (CM) headaches. This is noteworthy 
since all of the recent reports describing what has come 
to be called "cervicogenic headache" have been on 
subjects who have been designated as deviant, and 
therefore distinct from, the classical categories of MCH 
and migraine headaches. As such, our report extends 
the identification of signs and symptoms of neck dys 
function from the smaller subgroup to the much larger 
generic categories (4).

The reader is referred to extensive reviews of the 
cervicogenic headache model by the first author (1,2).

Barre (5) and Lieou (6) were among the first to 
implicate the cervical spine in the genesis of a wide 
array of neurological symptoms, foremost of which 
were headache and vertigo. In their writings, irritation 
of the cervical sympathetic system was linked to circu 
latory disturbances, primarily as a disturbance of va- 
somotor tone, in the distribution of the vertebral artery 
or of the internal auditory artery.

In 1948, Bartschi-Rochaix (7) coined the term "mi 
graine cervicale" to describe a type of headache, poten 
tially very severe in character, which was caused by 
disturbances of the cervical spine. The impact of these 
mechanical disturbances was thought to be mediated 
through the autonomic nervous system. Following 
Bartschi-Rochaix through the next three decades, nu 
merous reports are found in the medical, chiropractic, 
osteopathic and physiotherapy literature (8-24). For 
the sake of brevity, the reader is referred to the extensive 
reviews of these works by Vernon (1,2).

Regarding the more current literature, Bogduk, in 
"Cervical Manipulation and Headache" (25), initially 
debunked the concept of a "cervical migraine," citing 
the obvious biochemical and autonomic mechanisms 
for which, at that time, he failed to find any justified 
correlation with the cervical spine. He noted that me 
chanical irritation of the vertebral artery, vertebral 
nerve and ascending sympathetic chain can initiate an 
"autonomic barrage" sufficient to create cerebral vaso- 
spasm. As well, he accepted Kovac's contention (12) 
that subluxation of the cervical apophyseal joints might 
compromise these structures. However, he reserved his 
most enthusiastic support (26-28) for the role of the 
apophyseal joints in nonmigrainous headache. He as 
serted a direct, causative role for mechanical derange 
ments of the cervical apophyseal and, most impor 
tantly, craniocervical, synovial joints in the production 
of headache. This mechanical derangement is charac 
terized as a "chronic hypomobility," hereafter referred 
to as a fixation. This mechanism allows for an expla 
nation of the role of the cervical spine in headache in a 
much younger population, contrary to the limitations

of the "degenerative disease" model proposed by Ed- 
meads (21).

Sachse et al. (29) found the most frequent segmental 
fixations in 22 migraineurs to be CO-C1 and C7-T1, as 
well as in the first costovertebral joint (first rib fixation). 
They found the most severe tenderness to palpation 
present in the shoulder (scapular) region and over the 
posterior arch of atlas. The most severe muscle hyper- 
tonicity was found in the trapezius and levator scapulae 
muscles.

The contribution of Sjaastad and his colleagues con 
sists of a series of studies from 1983 to 1988 on what 
he has termed "cervicogenic headache" (4,30-33). This 
is described as a variant of the chronic paroxysmal 
headache, which is almost always unilateral, accom 
panied by autonomic symptoms and provocable by 
movements of the head and neck, primarily forward 
flexion. Sjaastad has proposed that this headache may 
be due to entrapment of the occipital nerve or a C2-C3 
rhizopathy, and that this diagnosis may be greatly un 
der-reported (30).

Graff-Radford et al. (34) reported on 25 subjects with 
resistant headache syndromes who were treated by a 
multimodal approach to altering "perpetuators" of my- 
ofascial pain. Central to their evaluation of the subjects 
was the investigation of active and latent "trigger 
points" (TP) that reproduced the headache, noting pos 
ture of the head and neck, and the detection of "under 
lying cervical joint dysfunction," especially in the upper 
cervical spine. Their multimodal treatment program 
emphasized TP therapies and joint mobilizations 
among a variety of interventions and was shown to be 
quite successful in reducing headache pain and medi 
cation usage.

Jaeger (35) subsequently reported on a descriptive 
study of 11 cervicogenic headache patients. These sub 
jects were found to have a high prevalence of tender 
(trigger) points, postural abnormalities, misalignment 
and tenderness of the C1-C2 segment and reduced 
ranges of neck movement. Most recently, Pfaffenrath 
et al. (36) reported on the "clinical picture" and X-ray 
findings in cervicogenic headache patients. Fifteen sub 
jects were selected with clinical features similar to those 
of Sjaastad et al. (30). Head/neck movements provoked 
headaches in all subjects. Most subjects had tender 
points around C2 which reproduced headache. C2 
blockades resulted in significant improvement in head 
ache lasting from 2 hr to 42 days. In their original work, 
X-ray studies did not reveal a significant pattern of 
abnormality in the cervical spine as compared to a 
control group. However, a follow-up study (37) using a 
computer-based technique of analysis of cervical mo 
tion X rays did reveal a statistically significant increase
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of upper cervical hypomobility and a reduction of 
general mobility from CO to C5 in headache subjects as 
compared to controls. The most prevalent hypomobil 
ity was at CO-C1.

The nature of the disorders) in the cervical spine 
which may typically give rise to headache syndromes is 
controversial, although two major categories have been 
identified by Edmeads (3). These are a) structural or 
organic disorders or diseases; and 2) disorders of func 
tion of the cervical spine, which consist primarily of 
mechanical abnormalities of the articular and myofas- 
cial tissues. Since almost all of the studies on cervical 
or cervicogenic headache presume to deal with the 
second of these categories, the present study confines 
itself to these issues as well.

Several components of cervical spine dysfunction can 
be identified. These are a) hypomobility of the cervical 
motion segments (fixation, blockage, etc.); b) hyper- 
mobility of the cervical motion segments; c) tender 
points in various cervical and suboccipital muscles; d) 
spasm or sustained contraction of these muscles; e) 
reduced and/or painful movements of the neck (espe 
cially as they provoke headache); 0 X-ray-detectable 
changes in the lordotic curve of the cervical spine; g) 
X-ray-detectable changes in the alignment of the neck 
in the coronal plane; and h) X-ray-detectable alterations 
in the motion of the cervical segments. Table 1 sum 
marizes these components of dysfunction and gives the
TABLE 1. Components of cervicogenic dysfunction related to 
headache___________________________
Hypomobility (spinal fixation) Schimek and Mohr (23)

Lewit(17)(18) 
Jirout (24)
Graff-Radford et al. (34) 
TurkandRatkolb(51) 
Bogduk (25) 
Vemon (70) 
Sachse et al. (29) 
Jaeger (35) 
Jull (66)
Schimek and Mohr (23) 
Lewit(17)(18) 
Sachse et al. (29) 
Graff-Radford et al. (34) 
Boake(16)
Sjaastadetal. (4)(30)(31) 
Fredrickson et al. (32) (33) 
Pfaffenrath et al, (36) 
Farina et al. (58) 
Boquet et al. (59) 
Jaeger (35)

Tender muscle points

Reduced cervical range of 
motion

X-ray findings 
Static misalignment

Dynamic abnormality

Graff-Radford et al. (34) 
Sjaastadetal. (30) (31)

Ng(22)
Schimek and Mohr (23)
Jirout (24)
Pfaffenrath et al. (36) (37)

findings of various authors as to their nature and valid 
ity.

Sjaastad et al. (30) have remarked on the potential 
overlap of diagnostic categories between cervicogenic, 
CM and MCH. In regard to the presence of the above- 
mentioned elements of cervical dysfunction, it appears 
that they are used to more or less confirm the cervico 
genic designation. In other words, in cases where the 
symptoms overlap and diagnostic confusion exists, the 
presence of cervical dysfunction determines the cervi 
cogenic diagnosis. When signs of cervical dysfunction 
are absent (or, perhaps, ignored), then the other diag 
noses are selected.

What has not been determined is the extent to which 
signs of cervical dysfunction are present in headache 
sufferers already designated as CM or MCH. If the 
extent is large, then the proposition that diagnostic 
overlap exists is supported. If the extent is small, then 
the cervicogenic designation and category ought to be 
accepted as distinct, exceptional and probably low in 
prevalence as compared to CM and MCH.

This present study was undertaken to determine the 
extent of four of the major elements of dysfunction of 
the cervical spine in subjects suffering from MCH and 
CM headaches: hypomobility, tender points in muscles, 
X-ray-detectable changes in the lateral curve of the 
cervical spine and X-ray-detectable changes in move 
ment of the cervical spine.

METHODS
Forty-seven subjects, 38 females (81%) and 9 males 

(19%), were included in the study. Their average ages 
are shown in Table 2 and ranged from 17 to 48 yr.

These subjects volunteered for a treatment study 
comparing chiropractic spinal manipulation to a pla 
cebo. They consented to a comprehensive diagnostic 
protocol which included an extensive, standardized case 
history, physical examination of the cranium and cer 
vical spine and X-ray studies of the neck (see below). 
As a result of the history and examination, and taking 
into account the previous classification by medical 
examiners, the subjects were categorized as MCH or 
CM according to the Ad Hoc committee standards (38). 
Twenty-eight (28), or 60%, of the subjects were classi 
fied predominantly as CM; 19, or 40%, were classified 
predominantly as MCH.

The examination protocol for cervical dysfunction 
included the following procedures.

Hypomobility of Cervical Motion Segments
The manual palpatory procedure devised to deter 

mine segmental motion is termed "motion palpation."
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This procedure owes its original popularization to Gillet 
and Liekens (19), who devised procedures specific for 
each spinal region and for detecting motion in the 
various anatomical planes. Grice modified and im 
proved on the operational description of cervical mo 
tion palpation procedures (39). DeBoer et al. (40) found 
a suitable degree of reliability in upper cervical motion 
palpation procedures, while Mior and King (41) were 
unable to replicate this level of reliability. Fligg (42) has 
recently reviewed the palpatory procedures for upper 
cervical motion analysis.

In our study, three tests of motion in the upper 
cervical spine were used: forward flexion, lateral bend 
ing and anterior rotation in the upper three cervical 
segments (see Figures 1-3). The specialist (IS) who 
conducted this examination was blinded to the head 
ache category of each subject. Only significant findings 
of hypomobility were recorded. A positive finding in 
any of the three tests was taken to indicate fixation of 
that motion segment. The percentage of subjects in 
each group with fixations in one, two or three segments 
were calculated for analysis.

Tender Points in the Muscles of the Cervical Spine
Pressure algometry has been validated for use in 

cervical spine (43-46) and headache (43, 44) condi 
tions. We employed the Fischer algometer (43) in meas 
uring pressure pain threshold in the following standard 
ized anatomical locations bilaterally: medial occipital 
brim, lateral occipital brim, suboccipital, midcervical, 
trapezius and levator scapulae. The technique em 
ployed was similar to that described by Fischer (43) and 
Reeves et al. (46). The examiner was blinded to the 
headache category. Positive findings (i.e., tender points) 
were identified by pressure readings lower than 3 kg/

cm2, or where bilateral asymmetry of greater than 1.5 
kg/cm2 was noted. Frequency counts were tabulated 
for each muscle bilaterally.

Cervical Lordosis
Measurements were made on the neutral lateral cer 

vical X ray of the lordotic angle from the bisector of 
the Cl vertebra, and a line drawn parallel to the inferior 
endplate of the C7 vertebral body (see Figure 4). Five 
categories of configuration were created from these 
measurements and from other visual assessments made 
by an independent X-ray reviewer: a) normal lordosis 
(>25°); b) hypolordosis (<25°); c) alordosis (+5 to -5°); 
d) quasi-alordotic (combinations of b and c, with alor 
dosis usually extending from C3-C6); and e) kyphotic 
(>5°). Frequency counts were tabulated for the various 
categories. The assessor was blinded as to the clinical

Figure 2. Motion palpation in the upper cervical spine: rotation.

Figure 1. Motion palpation in the upper cervical spine: anteropos- 
terior glide.

Figure 3. Motion palpation in the upper cervical spine: lateral 
flexion.
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Figure 4. A, Normal cervical lordosis. B, Quasi-alordotic cervical spine. C, Alordosis. D, Kypholordosis. Note: Dots at edges of vertebral bodies 
are used for computer digitization (see Figure 5).

status of the subject materials (as in "Segmental Motion 
Analysis by Radiography," below).

Segmental Motion Analysis by Radiography
The analysis of segmental motoricity by analysis of 

flexion-neutral-extension views of the cervical spine has

been discussed by many, including Grice (47), Arlen 
(48), Buetti-Bauml (49) and Henderson and Dormon 
(50). Dvorak et al. (51) have recently validated the 
Arlen measurement system and have derived normal 
ranges of segmental motion in flexion and extension. 
Pfaffenrath et al. (37) used a similar approach, aug-



424 Journal of Manipulative and Physiological Therapeutics 
Volume 15 • Number 7 • September, 1992 
CERVICOGENIC DYSFUNCTION • VERNON ET AL.

TABLE 4. Location of headache and neck pain
Migraine

Headache

Neck pain
Upper back pain
Severity of head 

aches (0-10)

1 Frontal
2 Occipital
3 Orbital
4 Temporal
Always
Always

7.7

81%
78%
60%
32%
90%
41%

MCH
1 Occipital
2 Frontal
3 Orbital
4 Temporal
Always
Always

6.0

87%
81%
40%
34%

100%
27%

TABLE 6. Aggravating factors (note the similar levels of photo- 
and phonophobia)

TABLE 5. Precipitating factors
Migraine MCH

1 
2 
3 
4 
5 
6 
7

Weather 
Tension 
Exertion 
Head/neck movements 
Hunger 
Foods 
Menstruation

80 
68 
67 
64 
60 
38 
35

1 
2 
3
4 
5 
6 
7

Tension 
Weather 
Head/neck movements 
Exertion 
Hunger 
Foods 
Menstruation

75 
60 
47 
40 
40 
12 
12

prominent are "weather" and "tension," which occupy 
the first two ranks in each headache group. Notable is 
the prevalence of "head and neck movements," which 
were cited as a precipitating factor by 64% of CM 
subjects (4th rank) and 47% of MCH subjects (3rd 
rank). The "food" and "menstruation" items were two 
items more common in the CM subjects. The Spearman 
rank coefficient was statistically significant (r = .91, p 
< .05).

Table 6 lists the three most prevalent factors which 
produced aggravation of headache during an episode. 
Notably, the prevalence of photo- and phonophobia as 
well as coughing/sneezing are quite similar for both 
groups.

Table 7 lists 11 associated symptoms, ranging from 
the most typical ones ("nausea," "visual disturbances" 
and "dizziness") to the less common ("sensory changes" 
and "numbness"). The Spearman rank coefficient was 
statistically significant (r = .70, p < .001), indicating 
that the general ranking of the symptoms was similar 
in both groups. The Student's t test for dependent 
means demonstrated a statistically significant difference 
between the lists of percentage figures, and those of the 
CM group were significantly higher than those of the 
MCH group (t = 15.3, p < .001). Four symptoms were 
found exclusively in the migraine group: "speech dis 
turbances" (31%), "sensitivity to smell" (27%), "mood 
changes" (24%) and "sensory changes" (16%), indicat 
ing that 25-30% of migraineurs experience a group of 
symptoms quite distinct from MCH sufferers.

Migraine MCH

1 Light 
2 Noise
3 Sneeze/cough

63 
60
38

1 Light 
2 Noise
3 Sneeze/cough

60 
55
32

TABLE 7. Associated symptoms
Migraine MCH

1 Nausea/vomiting
2 Trigger area
3 Vision disturbances
4 Vertigo
5 Speech disturbances
6 Tinnitus
7 Sensitivity to noise/smell
8 Mood changes
9 Aura

10 Sensory changes
11 Numbness

°/< 
90
53
53
50
31
30
27
24
20
16
0

I

63
20
34
35
0

12
0
0

20
0

13

Spearman r = .70; p < .05; t = 15.3.P £ 0.001.

Examination Findings
Table 8 depicts the percentage of subjects with hy- 

pomobility (fixation) of the three segments of the upper 
cervical spine. Eighty-four percent of both migraine 
and MCH subjects had a hypomobility of at least two 
out of three segments.

Table 9 depicts the algometry findings. Eighty-nine 
percent (89%) of all subjects had at least one TP (92% 
of CM and 85% of MCM groups). Half of all subjects 
had two or three TPs, with the most prevalent category 
being three TPs (27% of all subjects). Twenty-seven 
percent (27%) had four or more TPs. Spearman's r was 
.98, indicating highly similar ranks for both headache 
groups.

Table 10 shows the distribution of TPs by their 
location in the subjects with at least one TP. The vast 
majority (85%) had a TP in the midcervical location, 
while the second and third most prevalent TPs were 
the lateral occiput (62.5%) and suboccipital (60%). The 
rankings for both headache groups were identical, even 
though there were slightly fewer TPs in the MCH group 
as compared to the CM group.

Table 11 indicates the distribution of the categories 
of sagittal curve alignment in the cervical spine on the 
lateral X ray. Seventy-seven percent (77%) of all sub 
jects had a substantial alteration of the sagittal cervical 
curve, consisting of near-total or total reduction, or, in 
fact, reversal of the normal lordotic configuration. A 
minor reduction in the sagittal lordosis was recorded
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TABLE 8. Prevalence of fixations on manual motion palpation
Number 
of levels

0
1
2
3
2or3

Migraine

0
16
54
30
84

MCH

0
16
42
42
84

TABLE 9. Tender points: Distribution by the number of points

Headache groups

No.ofTPs CM MCH Total

6
5
4
3
2
1
0

8
16
4
28
20
16
8

10
5
10
25
25
10
15

9
11
7

27
22
13
11

Spearman r = .98, p « .05.

TABLE 10. Tender points: Distribution by the location of points

Location 
ofTP

Midcervical
Lateral-occipital
Suboccipital
Trapezius
Levator scapula
Medial-occipital

Headache groups

CM

91
68
64
55
32
23

MCH

78
56
56
39
33
17

Total

85
63
60
47
32
20

Spearman r = 1 .00, p s .05.

for 11.5%. This distribution was statistically significant 
(x2 = 11-79, l#p<.001).

Abnormal segmental motion for combined flexion/ 
extension in the sagittal plane is depicted in Table 12.

In this analysis, computer-generated measurements for 
flexion and for extension in the segments from Cl to 
C6 were combined and evaluated against the standard 
of segmental motion provided by Dvorak et al. (51) 
(see Figure 5). Values 1 SD above or below the mean 
for combined flexion/extension are rated as hypermo- 
bile or hypomobile, respectively. The total count of 
abnormalities per segment is expressed as a percentage 
of the total group of subjects for whom the motion 
analysis was possible (n = 37). One hundred percent of 
subjects had at least one abnormality between Cl and 
C6, and 80% of subjects had an abnormality (hypo- 
mobility) at CO-C1. Ninety-seven percent of subjects 
had at least two abnormal segments from Cl to C6. 
Almost three-fourths had three abnormal segments.

Table 13 shows that 65% of the subjects had at least 
one abnormality at Cl or C2, while Table 14 shows 
that an abnormality at CO-C1 existed in 90% of subjects 
in flexion and 70% in extension.

The character of segmental motion abnormality for 
C1-C6 in the study group is depicted in Figure 5. It can 
be seen from this figure and from Tables 12-14 that a 
pattern of abnormal segmental mobility in the sagittal 
plane exists consisting of reduction of movement in the 
lower cervical spine, relatively normal movement in 
the region from C2-C4, hypermobility of C1-C2 and 
hypomobility of CO-C1. The most predominant seg 
mental restriction in flexion/extension in the whole 
cervical spine is at CO-C1.

Finally, Table 15 lists the findings of a set of clinical 
tests which, taken together, address the potential for 
vertebrobasilar insufficiency. Of particular interest are 
the "Wallenberg" tests, which have been proposed to 
screen for potential contraindication to manipulative 
treatment (54). It can be seen that no subject from 
either CM or MCH groups demonstrated a positive 
response to this test protocol.

TABLE 11. Distribution of categories of sagittal curve of the cervical spine on plain film X-ray

Total no. of subjects
Percent of total no. of subjects
No. of males
Percent mate
No. of females
Percent female
X2 with continuity correction
Fisher exact test {two-tailed

probability)
Phi

Normal 
tardosis

5
11.5%

5
100%

0
0%

11.793"
.001

.586

Hypolordotic
5

11.5%
1

20%
4

80%
p < .001 df = 1

Quasi-alordotic
10
22.5%

0
0%

10
100%

Alordotic
19
43%

2
10%
17
90%

Reversal
5

11.5%
0
0%
5

100%

• To be used with caution, since two quadrants have values less than 5.
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TABLE 12. Computer-aided analysis of segmental motion on 
flexion/extension X rays: C1-C6

No. of abnormal 
segments

1 
2 
3 
4 
5

73% have three or more abnormal 
more.

Percent of 
subjects

100 
97 
73 
43 
16

segments; 59% had four or

100
«e
90u
80
78 
70 
M 
60
as
BO 
46 
40 
M 
30 
26 
20 
18 
10 
8 
0

67
89 87

84

HYPER

NORMAL

78

67

27

57

43

22

HYPO

Percentage of motion
dysfunction by

tegment (C1-C6)

lilt!! 
C1 C2 C3 C4 C5 C6

Figure 5. Plot of segmental motion characteristics in headache 
subjects: C2-C6. Note: High proportions of hypermobility of Cl, 
normal motion C2-C3, hypomobility C5 and C6 (chart shows cu 
mulative frequencies to 100%).

DISCUSSION
Taken together, our findings describe a pattern of 

cervical spine dysfunction in MCH and CM headache 
sufferers which, we believe, has not previously been 
reported. There is a significant loss of the normal lor- 
dosis of the cervical spine in the majority of subjects in 
both headache groups; there is also a predominant 
pattern of palpable hypomobility in the upper cervical 
spine that is confirmed on computer-aided dynamic X- 
ray analysis in flexion/extension, which appears to most 
frequently involve CO-C1, and there is also a tendency 
toward hypomobility in the lower cervical spine. 
Tender points are highly prevalent with an overwhelm 
ing predominance of TPs in both headache groups in 
the mid- to upper cervical area, with most subjects 
having two to three TPs in this region.

As far as the association of neck pain with the head 
aches, subjects in both groups demonstrated a high 
incidence of both suboccipital and neck pain during 
headaches, with an additional upper back (cervicotho- 
racic) pain accompanying the headache in 41% of CM

TABLE 13. Distribution of subjects with none, one or two 
abnormal segments at C1 and C2: Computer-aided X-ray analysis

No. of abnormalities 
at C1 and C2

Percent of 
subjects

0
1
2

35
65
16

TABLE 14. Abnormal motion of CO-C1: Overlay method of X-ray 
analysis_________________________
1. CO-C1 Rexfon (normal 108/cutoff = 6°) 

Mean: 3.17° 
SO: 2.24" 
Percent hypomobile (under 6°) = 90%

2. CO-C1 Extension (normal 25°/cutoff = 18°) 
Mean: 10.60" 
SO: 7.70" 
Percent hypomobile (under 18°) - 70%

TABLE 15. Signs related to vertebrobasilar insufficiency
Migraine MCH

Cranial bruits
Carotid
Vertebral

Wallenburg tests (bilater
ally)

Fundoscopy
Blood pressure

History of high blood
pressure

0
0
0

7% si. positive
120/76
3%

0
0
0

7% si. positive
108/70
0%

and 27% of MCH sufferers. As well, head and neck 
movements precipitated headaches in 50-60% of sub 
jects in both categories.

These findings are in good agreement with many of 
those reported for "cervicogenic headaches." Jaeger (35) 
noted a high prevalence of hypomobility in the upper 
cervical spine of 11 cervicogenic headache sufferers. 
Pfaffenrath et al. (38), using computer-aided dynamic 
X-ray analysis, found the most prevalent hypomobility 
in flexion/extension to be at CO-C1. Sjaastad et al. (4, 
30) require head and neck movements to precipitate 
head pain in cervicogenic headache sufferers, which we 
found in 50-60% of CM and MCH sufferers in our 
sample.

The most universally accepted finding in the cervical 
spine in cervicogenic headache sufferers is suboccipital 
tenderness upon palpation (4, 30, 31, 36, 57-59). Our 
findings in CM and MCH sufferers are in complete 
agreement with this literature, especially with Jaeger 
(35), who found a (high prevalence of tenderness over 
the lateral Cl transverse process. That may correspond 
with our finding of tenderness over the lateral occiput 
TP in 63% of our subjects. Regardless of the segmental 
location (i.e., from CO-C4), the overwhelming majority
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of our CM and MCH sufferers had at least one to three 
IPs in the upper cervical area.

These findings of tenderness in muscles in the upper 
cervical spine of MCH and CM sufferers have been 
previously reported. Pozniak-Patewicz (60) reported on 
183 headache subjects and 51 controls. Electromy- 
ogram (EMG) recordings were made of neck and tem 
poral muscles during headaches and in headache-free 
intervals. Increases in EMG activity, which reflected 
sustained spasm, were found almost ubiquitously dur 
ing headaches and quite frequently between headaches. 
In fact, neck muscles showed significantly higher EMG 
amplitudes than temporal muscles during headaches in 
three of four headache categories (85% of the subjects).

Hudzinski (61) found that a significant proportion of 
MCH sufferers (70%) reported pain and tension in the 
muscles of the neck as the source of their headaches. 
Biofeedback training directed at these tissue sites was 
far more effective in this group than frontalis muscle 
relaxation. Ahles, Sturgis and their colleagues (62, 63) 
have found that EMG activity of trapezius and frontalis 
muscles increases during dynamic activities, including 
walking upright and tilting the head. These positional 
variations were proposed as important for both diag 
nosis and treatment, since the standard protocols in 
volve the supine resting position. In other words, phys 
ical activation of the neck musculature by movement 
and positional changes (i.e., more real life conditions) 
may contribute to headache genesis and may be impor 
tant factors to target for treatment interventions.

Drummond (64), using a pressure-threshold algo- 
meter, found increased tenderness levels in scalp and 
neck muscles of both migraine and tension headache 
sufferers that were (statistically) significantly higher 
than in nonheadache controls, but which were not 
significantly different between the headache groups. In 
fact, neck and/or occipital tenderness was greater than 
forehead and temple sites in four out of five headache 
categories.

Drummond speculated that neck pain might excite 
trigemino-vascular reflexes by way of the convergence 
of Cl and C2 afferents with the trigeminal nucleus 
subcaudalis (64, 65). This mechanism has been cited 
ever since Skillem's report (11) to explain the role of 
the neck in headache, and more recently, in the "cer- 
vicogenic headache" category.

Our findings reveal a pattern of cervicogenic myofas- 
cial and joint dysfunction in muscle contraction and 
common migraine headache sufferers that is similar to 
that described in the more narrowly defined category 
of "cervicogenic" headache, and which is found with 
equal prevalence in CM and MCH groups. This calls 
into question the narrowly defined attribution of neck

involvement in only the "cervicogenic" category, leav 
ing the others supposedly "neck-free."

Our findings also support the severity model (67), 
which links MCH and CM on the same etiological 
spectrum. If this is so, then perhaps on the basis of this 
profile of cervicogenic dysfunction, it could be proposed 
that the common ground of these two headache cate 
gories is a disorder in the cervical spine. The recent 
therapeutic success reported by Graff-Radfprd et al. 
(34) in the multimodal treatment of cervical pain gen 
erated in chronic headache cases, the use of cervical 
facet joint interjections by Hildebrandt and Argyrakis 
(68) and Bogduk (69) and the reported success with 
spinal manipulation (1,2, 70) would seem to bear out 
this claim.

Nonetheless, until a carefully controlled study of 
signs of cervicogenic dysfunction in nonheadache sub 
jects is conducted, the findings presented here should 
be extrapolated with some caution.

CONCLUSION
Two groups of headache sufferers, one diagnosed 

with MCH and the other with CM, have been investi 
gated to determine the prevalence of signs and symp 
toms of neck joint and myofascial dysfunction. A high 
prevalence was found, with similar levels in each group, 
of neck pain during headache, of cervical joint dysfunc 
tion and postural malalignment and of myofascial ten 
derness. These findings urge us to reconsider the narrow 
prescriptive definition of "cervicogenic headaches" and 
to consider that the cervical spine may play a much 
larger role than has previously been recognized in the 
etiology of these headache types, giving new meaning 
to the phrase "these headaches are a pain in the neck."
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ABSTRACT
Objective: Determine test-retest reliability, normative 

data and clinical validity of isometric muscle strength 
testing in the neck with a modified Sphygmomanometer 
dynamometer (MSD),

Design: Analytic survey. Paired trials of various mus 
cle strength tests were conducted on convenience sam 
ples of normal subjects and consecutive samples of 
symptomatic subjects.

Selling: Outpatient chiropractic research clinic.
Patients!'Subjects: For study 2, 40 normal male sub 

jects, average age 25 ±2 yr, were studied for reliability 
and normative data. For study 3, 24 symptomatic pa 
tients, 12 males and 12 females, average age 39 ± 7 yr, 
were studied, 8 with "whiplash"-type injuries (average 
duration 22.5 wk) and 16 with nontraumatic chronic 
neck pain (average duration 110 wk).

Intervention: No therapeutic intervention is reported.
Main outcome measure. Pressure levels generated by 

subjects against a modified sphygmomanometer-type 
dynamometer as measured in kilopascals.

Results: Study 1. Repeated paired trials of a stand 
ardized weight column (20 Ibs) produced a coefficient 
of variation of 0.84% and virtually no difference be 
tween the means of the first vs. second trials.

Study 2. High test-retesl correlation coefficients were 
found for all ranges of motion (.79-.97). Right-to-left 
asymmetry in rotation and lateral flexion was within 
6-8%. The flexion/extension ratio was .57:1, indicating 
that in normal subjects, flexion was approximately 40% 
lower than extension. Lower cutoffs were established as

the mean - 1 SD as follows (in kPa): flexion - 3300, 
extension - 5800, rotation - 5200 and lateral flexion 
- 6200. Coefficients of variation ranged from 25 to 
29%.

Study 3. Differences between paired trials were ana 
lyzed by intraclass coefficients, which were very high 
(.95-.99), and by percentages, which ranged from 4 to 
10.45c, with an average of 7%, indicating a high degree 
of test-retest consistency. The mean values for all symp 
tomatic subjects for flexion, extension, right rotation 
and right lateral bending were all well below the normal 
cutoff values as found in study 2. The flexion/extension 
ratio for whiplash subjects was 0.25:1.00, which is half 
of that of normal subjects.

Conclusions: The MSD has been found to be a reli 
able instrument for the evaluation of isometric muscle 
strength in the neck in normal and symptomatic sub 
jects. Normative values for absolute test levels, bilateral 
symmetry and flexion/extension ratios.have been de 
termined. A symptomatic group demonstrated signifi 
cant deviations from these norms in the form of reduced 
strength levels and reduced flexion/extension ratios, 
while still maintaining very high levels of test-retest 
consistency and bilateral symmetry. The MSD appears 
very promising in the evaluation of neck-injured pa 
tients. (J Manipulative Physiol Ther 1992; 15:343-349).

Key Indexing Terms: Cervical Vertebrae, Reliability 
and Validity, Muscles.
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INTRODUCTION
Evaluation of the strength of neck musculature is an 

important component of the total assessment of the 
neck-injured patient. Trauma, pain, disuse, apprehen 
sion, reduced joint motion and frank neurological def 
icits can all contribute to an accumulated strength 
deficit of various muscles in neck-injured patients (1- 
6). Notwithstanding this, while strength testing of the
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trunk and extremity muscles is commonplace (7-12), 
there exist very few quantitative reports on the assess 
ment of neck muscle strength in the literature.

Manual muscle tests are a standard part of every 
clinical examination (13-16); however, they suffer from 
subjectivity and bias, lack of uniformity and lack of 
quantification (17-22). Isometric instrumentation de 
vices have been studied, including manual dynamom 
eters (17, 23-28), spring-loaded devices (29-32) and 
electromyogram (EMG)-based instrumentation (32- 
35). Agre et al. (36) reported on the use of a portable, 
hand-held dynamometer in the testing of a wide variety 
of muscle functions. The sole cervical action tested in 
this study was forward flexion. Intra- and interexaminer 
correlation coefficients for neck flexion ranged from 
.63 to .99 for three to four trials by three examiners. 
The aggregate coefficient of variation (37) was 17.3%.

Schuldt and Harms-Ringdahl and colleagues exten 
sively studied cervical muscle function using an EMG- 
based experimental model (33, 38-40). Their work has 
demonstrated that certain cervical muscles predomi 
nate in action-specific modes: erector spinae during 
resisted extension and splenius capitus and levator scap 
ula in resisted lateral flexion. They have also shown 
that increased force is generated in the cervical exten 
sors during isometric extension when the neck is flexed 
somewhat forward, and that raising the arms to a 
horizontal position increases the level of activity of the 
thoracic erector spinae and rhomboid muscles during 
resisted cervical extension.

A newly reported device for isometric muscle testing 
is the modified sphygmomanometer-type dynamome 
ter (MSD). This device offers some advantages in the 
quantification of muscle strength, namely: a) force is 
applied to a mechanical frame, not by a tester: resist 
ance can, thus, be made constant. The frame may allow 
for variable positioning of the test platform (see Figure 
1). b) The use of an air bladder provides comfortable 
resistance, and its physical compliance contributes ac 
tively to the mensuration (i.e., the displacement of air). 
This level of comfort during testing increases subject 
compliance, c) If interfaced with a computer, data can 
be digitized by A-D conversion and pretimed trials can 
be conducted and compared.

Two reports of the reliability of MSD have recently 
appeared. Wright and Goldsmith (41) studied hip ab 
ductor strength testing in children and reported an 
intertester intraclass coefficient of .79. Busch and Ar 
nold (42) studied four extremity joint muscle tests and 
found significant correlations for three, ranging from 
.62 to .79. To our knowledge, no report exists regarding

Figure 1. The modified sphygmomanometer dynamometer. Typical 
test protocol: subject positioning.

the use of MSD in the assessment of the strength of the 
cervical musculature.

This investigation was undertaken to determine the 
test-retest reliability of the MSD as well as to establish 
normative and clinical data bases from which future 
studies might proceed.

METHODS AND MATERIALS
The MSD used in this study is known as the Com 

parative Muscle Tester (CMT) (Magnatec Co. Ltd, 
Concord, Ontario, Canada). This device consists of a 
wall-mounted frame on which a platform slides verti 
cally (see Figure 1). On the platform is an air bladder 
measuring approximately 8 by 25 cm, and 6 cm high 
when fully inflated. The hoses from the air bladder 
connect to a potentiometer that is interfaced with an 
A-D converter, which produces a digital display and is 
interfaced to a printer. On-board software drives a



Journal of Manipulative and Physiological Therapeutics 345
Volume l5«Number6«July/August, 199' 

EVALUATION OF NECK STRENGTH • VERNON ET AL

timing mechanism capable of inflating the air bladder 
to I mm Hg (a form of calibration) and controlling 
various preprogrammed intervals of operation. Typical 
measurement periods range from 5 to 60 sec. The unit 
of measurement provided by the CMT is millimeters 
of mercury, which, for this study, is converted to kilo- 
pascals.
Study 1

Prior to its use in clinical-trials, it-was necessary to 
determine the accuracy of the unit, specifically, the 
amount and nature of instrument-related variability. A 
column of four 5-lb weight discs was placed on and off 
the air bladder for 10 paired trials during a period of 
approximately 3 min. Means and SD of the first and 
second trials were compiled and the coefficients of 
variation (SD/mean) were computed (37). Of interest 
was whether a consistent pattern of variability existed 
under these standardized test conditions such that val 
ues from the second trial might be less or more than 
those of the first, or that values from the first three 
paired trials might be less or more than those of the last 
three. If required, the Student's / test with p < .05 would 
be used to determine the level of significant differences.
Study 2

Forty young adult males (average age 25 ±2 yr) were 
tested in a protocol that involved paired trials of iso 
metric muscle tests of all six ranges of neck movement: 
forward flexion (FF); extension (EXT); right (RLF) and 
left lateral flexion; and right (RR) and left rotation. 
These subjects were without any current neck pain or 
pain within I yr of the study.

The measurement protocol was as follows. The sub 
ject remained standing throughout the test procedure. 
The air bladder platform was moved to a position such 
that its top edge was level with the subject's eyebrows. 
The subject was guided into a position with his feet 
lined up with a floor marker directly under the plat 
form. In each of the test positions, care was taken to 
position the subject so that the subject's head rested in 
the neutral position against the surface of the bladder 
(see Figure 1). As such, a slight preload of the bladder 
involved no more than 10' of rotation of the head in 
any plane. Prior testing of this preload showed that it 
produced, on average, 15-35 mm Hg of pressure, an 
insignificant amount compared to the range of subse 
quent test values.

In order to optimize subject performance, verbal 
instructions and demonstration of each test procedure 
were provided by the assessor. Trial runs of each test 
procedure were conducted in order to ensure proper

positioning of the equipment, to confirm proper per 
formance by the subject and to reduce any test appre 
hension (i.e., to give the subject the feel of the equip 
ment and the test performance). These trial runs were 
not recorded.

In order to reduce recruitment of trunk and lower 
limb muscle forces to maximize isolation of the neck 
musculature, two special procedures were incorporated 
into the test protocol. First, the assessor maintained 
gentle manual stabilization of the subject's pelvis during 
the test. This guarded against inward drift, which would 
increase the leverage of the trunk muscles in any of the 
test positions. Second, a standardized position of the 
subject's arms was adopted for all tests such that the 
arms were raised to the 90°/90° position. This greatly 
reduced the involvement of the scapular and pectoral 
muscles in the test actions. This protocol reproduces 
the National Institute of Occupational Safety and 
Health recommendations for isolation and stabilization 
in isometric muscle testing (43-45).

While isolation and stabilization were not construed 
so that specific muscles or even muscle groups could 
be tested, this set of procedures was deemed sufficient 
to test specific regional ranges of resisted motion. Ac 
cordingly, the test procedures are named according to 
the cervical range of motion and not the specific mus 
cles thought to be involved (e.g., cervical flexion, as 
opposed to scalene muscle group, or anterior cervical 
flexors).

With regard to the actual test procedure, subjects 
were instructed to commence, upon verbal signal, a 
gradual sustained pressure on the air bladder. They 
continued with maximal pressure until a buzzer 
sounded ending the test.

In this study, the test interval was 5 sec. The instru 
ment is programmed with a 2-sec delaj such that data 
are acquired over the last 3 sec of sustained maximal 
effort (18). During the resisted test, the assessor gave 
verbal feedback to the subject instructing them to "keep 
pushing" or "push as hard as you can" until the buzzer 
sounded. After a 5-sec rest interval, a second trial of 
the same resisted action was done.

Analysis of the data consisted of computing means 
and SD that provided a normative data base. Coeffi 
cients of variation for each motion were computed. 
Test-retest correlations were computed using Pearson 
Product Moment correlations.

Study 3
In this study, 24 symptomatic subjects presented 

consecutively to the problem case clinic of a chiroprac-
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tic college teaching clinic, and repeated the protocol 
outlined in study 2. This group consisted of 12 males 
[average age: 39 ± 7 yr (1 SD)] and 12 females (average 
age: 36 ± 10 yr) who suffered from mechanical neck 
pain syndrome. Eight (33%) had suffered a recent 
whiplash-type cervical sprain/strain injury. The average 
duration of complaint was 22.5 wk (range: 2-102 wk). 
Sixteen (67%) suffered from nontraumatic mechanical 
complaints related to postural or occupational strains. 
The average duration of these complaints was 110 wk. 
None suffered from overt degenerative disc disease, and 
none had radiating brachialgic pain. Informed consent 
was obtained from all symptomatic subjects.

In order to reduce the strain of the paired strength 
testing protocol, only FF, EXT, RR and RLF were 
tested. As well, a modification was instituted such that, 
where constant maximal pressure was required of the 
asymptomatic subjects in study 2, for the symptomatic 
subjects, the protocol of acceptable (but then sustained) 
maximal effort was used (46). Subjects were instructed 
to produce a level of pressure that reached, but did not 
exceed, tolerable pain. They were instructed to sustain 
that level of pressure and not to suddenly and prema 
turely "give up," as that occurrence would be deemed 
a test failure.

Analysis consisted of computing means, SD and coef 
ficients of variations. Percentage differences between 
paired trials were computed, as well as intraclass coef 
ficients. Descriptive comparisons between the data sets 
of studies 2 and 3 were conducted to determine where 
important differences might exist. Student's / tests were 
to be used with p < .05 to compare means in studies 2 
and 3 (see text).

RESULTS

Study 1
Table 1 depicts the results of 10 paired trials of a 

standard 20-lb column of weights. The two paired trials 
were virtually identical. The mean of the first three 
paired trials was 8845 ± 68 kPa, while that of the last 
three paired trials was 8831 ± 72 kPa. The average 
coefficient of variation for all trials was .84%. No t tests 
were conducted, given the obvious similarity of the data 
sets.

TABLE 1. Study 1. Accuracy testing

Trial

1 (n = 10) 
2 (r» = 10)

Mean ± 1 SO
kPa 

8845 ± 67.8 
8831*71.8

Coefficient of 
variation

%
.76 
.84

Study 2
Table 2 depicts the means, SD and coefficients of 

variation for all six isometric tests. Table 3 lists lower 
cutoff values computed by subtracting I SD from the 
mean and founding off. Table 4 depicts the Pearson'sf 
coefficients rounded off. These are all in the range of 
moderate to high reliability. Comparisons of mean 
values of left and right lateral flexion and rotation 
indicate bilateral symmetry within 6-8%. A ratio was 
computed between mean flexion and mean EXT values 
as has been reported for trunk musculature (47). This 
value was 0.57 (F/E).

Study 3
Table 5 displays the means and SD for the four tests 

as well as the percentage differences between first and 
second trials. The intraclass coefficients are displayed 
in Table 6, with a range of .95-.99. Table 7 displays 
mean values of three data sets for the four tests [A: 
normals (mean values for comparison); B: symptomatic 
subjects as a whole; and C: a subgroup from the study

TABLE 2. Study 2. Normal subjects: means, SO and coefficients 
of variation

Movement Mean ± 1 SD
Coefficient of 

variation

Flexion
EXT
RLF
LLF'
RR
LR"

* Left lateral flexion.
• Left rotation.

kPa
4615 ±1317
7927 + 2128
7930 ±1995
8512 ± 2261
7315 ± 1862
6783 ±1859

%
28
27
25
27
26
28

TABLE 3. Study 2. Lower cutoff values (mean - 1 SD)

Movement
Lower cutoff 

value

Flexion 
Extension 
Lateral bending 
Rotation

3300
5800
6200
5200

TABLE 4. Study 2. Reliability coefficients

Movement
Reliability 
coefficient

Flexion
EXT
RLF
LLF'
RR
LR"

.93 

.97 

.87 

.95 

.79 

.79
• Left lateral flexion.
* Left rotation.
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TABLE 5. Study 3. Means, SD and percentage differences, trial 
1 vs. 2

Movement
Flexion 
EXT 
RLF 
RR 
Total

Mean ± 1 SD
1982 ±1250 
4336 ±151 6 
3684 ±21 95 
3857 ±1583

Average % 
difference 

(trial 1 vs. 2)
10.4 
7.0 
6.4 
4.0 
7.0

TABLE 6. Study 3. Inlraclass correlation coefficients

Flexion 1 vs. flexion 2 
EXT 1 vs. EXT 2 
Rotation 1 vs. Rotation 2 
Lateral bend 1 vs. lateral bend 2 
All ranges of motion 1 vs. all ranges of 

motion 2

0.98
0.95
0.99
0.98
0.98

TABLE 7. Study 3. Comparison of values from symptomatic sub 
jects with normal values (as in study 2)

Movement
Normal 
(mean)

Symptomatic

Total Whiplash
Flexion 

EXT 

RLF 

RR

4615

7927

7930

7315

1982 
(43%) 
4336 
(55%) 
3684 
(46%) 
3857 
(53%)

1184 
(26%) 
4655 
(59%) 
4735 
(60%) 
2647 
(36%)

3 sample, all of whom had suffered a whiplash-type 
injury). The percentage differences between the mean 
normal values and the mean values in group B are 43% 
(FF), 55% (EXT), 53% (RR) and 46% (RLF). The 
differences between the mean normal values and the 
mean values in group C are 26% (FF), 59% (EXT), 
36% (RR), and 60% (RLF), and all values are reduc 
tions. Student's t tests on each of these comparisons 
were significant at at least the p < .05 level.

Table 8 compares the flexion/extension (F/E) ratios 
in each of the three groups. While the F/E ratio for the 
total symptomatic group is somewhat less than for 
normals, the ratio computed from the whiplash group 
is reduced by more than half.

DISCUSSION
From the results of study 1, it can be stated quite 

confidently that the MSD is highly accurate, with in 
strument-related variability or error at less than 1%. 
This validates the next stages of investigation into per 
formance and clinical-related parameters as in studies
2 and 3. 

Regarding performance criteria, the above-described

TABLE 8. Study 3. Comparison of F/E ratios: normals vs. symp 
tomatic

Status F/E ratio
Normals
Symptomalics (totals) 
Chronic pain 
Whiplash

0.57
0.46
0.62
0.25

protocol of instructions and subject assistance appears 
to generate a high level of test-retest reliability in iso 
metric strength evaluations in the cervical spine. The 
coefficients of variation are all in the low range of 
clinical testing, indicating that group data can be col 
lected with acceptably low variability.

The normative values from study 2 are self-explana 
tory; however, the bilateral symmetry in lateral flexion 
and rotation (within 6-8%) is noteworthy, especially as 
a baseline for comparison to subjects with unilateral 
pain syndromes. The relative weakness of cervical flex 
ion as compared to EXT is consistent with findings 
reported for the trunk (47). This is an expected finding 
since the cervical spine is. like the lumbar, lordotic in 
curvature. Since this lordosis is maintained in large 
measure by sustained postural .activity of the extensor 
musculature, a bias of strength toward these muscles 
under isometric testing would be expected.

In summary, the chief finding of the normative data 
base is its consistency with expected and theoretical 
values, even if these have not all been previously re 
ported.

Given the findings of studies 1 and 2, a high level of 
accuracy (low instrument-related error) and a reasona 
bly high level of performance-related reliability and 
consistency, the MSD-isometric testing of clinical sub 
jects is logical. The findings of study 3 confirm that 
cervical pain patients do indeed experience a reduction 
of isometric strength in all test conditions.

Since there is, overall, a similar level of variability 
between patients as compared to normal subjects (ap 
proximately 10%), the significant reduction of test val 
ues must originate from some important feature or 
features of the clinical status. These could include ap 
prehension, pain or true disuse, or injury-related weak 
ness. Exactly which of these is operational and in what 
proportions remain to be determined.

This is further confirmed by the progressive reduction 
in the strength of the cervical flexor muscles as opposed 
to the extensors in the symptomatic subjects. As such, 
the consequences of neck pain appear to include not 
only general reductions of isometric muscle strength, 
but also a progressive anterior-to-posterior imbalance, 
apparently related to the severity of the clinical status.
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The implications of this finding both in regard to the 
natural history of mechanical neck pain complaints 
and their amenability to treatment regimes remain an 
important set of issues for future studies. At this point, 
it should be noted that these findings are in general 
agreement with data from trunk strength tests of pa 
tients with low back pain. In these subjects, general 
levels of weakness are present, as well as a selective 
weakness of the extensor muscles. Again, this appar 
ently correlates to clinical severity (7, 8, 29-31, 46-48).

CONCLUSION
The modified sphygmomanometer dynamometer 

has been shown to be a highly accurate and reliable 
instrument for the clinical assessment of isometric 
strength of neck- musculature. A test protocol and a 
normative data base have been described which, when 
applied to a clinical population, reveal significant global 
weakness in neck pain sufferers. Those with whiplash- 
type injuries, in particular, appear to suffer even greater 
reductions of strength values, specifically related to the 
cervical flexor muscles.

The use of MSD-isometric strength testing offers 
exciting potential in the study of mechanical neck pain 
and in validating potentially useful treatments for this 
all-too-common malady.
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Excitatory effects on neck and jaw muscle activity of inflammatory 
irritant applied to cervical paraspinal tissues
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Summary A study was carried out in 19 anaesthetized rats to determine if the electromyographic (EMG) 
activity of jaw and neck muscles could be influenced by injection of the inflammatory irritant mustard oil into deep 
paraspinal tissues surrounding the Cl-3 vertebrae. The EMG activity was recorded ipsilaterally in the digastric, 
masseter and trapezius muscles and bilaterally in deep neck muscles (rectus capitis posterior). In comparison with 
control (vehicle) injections, mustard oil (20 /il, 20%) injected into the deep paraspinal tissues induced significant 
increases in EMG activity in the neck muscles in all the animals and in the jaw muscles in the majority of the 
animals; the effects of mustard oil were more prominent in the former. The EMG response evoked by mustard oil 
injection was frequently reflected in two phases of enhanced activity. The early phase of the increase in EMG 
activity was usually initiated immediately following mustard oil injection (mean latency: 20.4 ± 17.7 sec) and lasted 
1.6 ± 1.1 min. The second phase occurred 11.3 ± 7.6 min later and lasted 11.0 + 8.1 min. Evans Blue extravasation 
was apparent in the deep paraspinal tissues surrounding the Cl-3 vertebrae after mustard oil injection, and 
histological examination showed that mustard oil injection induced an inflammatory reaction in the rectus capitis 
posterior muscle. These results document that injection of the inflammatory irritant mustard oil into deep 
paraspinal tissues results in a sustained and reversible activation of both jaw and neck muscles. Such effects may be 
related to the reported clinical occurrence of increased muscle activity associated with trauma to deep tissues.

Key words: Electromyography; Inflammatory irritant; Neck muscle; Jaw muscle

Introduction

Noxious stimulation of muscle or articular tissues 
can reflexly evoke somatic and autonomic changes. In 
the craniofacial region, electrical or algesic chemical 
stimulation of high-threshold afferents in the Vth, VI- 
Ith. and Xllth cranial nerves can elicit reflex responses 
in the jaw, tongue, and facial muscles that result from 
activation of nociceptive afferents supplying the tem- 
poromandibular joint (TMJ) or craniofacial muscula 
ture (e.g., Hanson and Widen 1970; Lindquist and 
Martensson 1970: Wilier and Lamour 1975; Sessle 1977, 
1990: Dubner et al. 1978; Broton and Sessle 1988; 
Sessle and Hu 19911 These findings suggest that trauma

* CiirraponJing miilic' 5J. Sessle, Faculty of Dentistry, University 
of Toronto. 124 Ed«ar-: ST.. Toronto, Ont. M4G 3E6, Canada.

or noxious stimulation of deep craniofacial tissues may 
produce a sustained excitation of several masticatory 
muscles that may serve to protect the masticatory sys 
tem from potentially damaging movements (Sessle and 
Hu 1991). Similarly in the spinal system, a limb flexion 
reflex can also be evoked by noxious mechanical, al 
gesic chemical, or high-threshold electrical stimulation 
of muscular or articular tissues of the limbs. Deep 
noxious stimuli generally activate alpha-motoneurones 
supplying limb flexor muscles and inhibit alpha- 
motoneurones innervating limb extensors (e.g., Wall 
and Woolf 19S4: Mense 1991). Although of short la 
tency and brief duration, these effects have nonethe 
less also been viewed as nociceptive reflex responses 
serving important protective functions, in these cases 
to protect the limb from further noxious stimulation 
and to counteract excessive movement so as to prevent 
further damage to its muscular or articular tissues
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(Schaible and Schmidt 1984; Mense 1986; He et al. 
1988).

Studies in the spinal cord have also recently shown 
that high-intensity electrical stimulation as well as nox 
ious mechanical or chemical stimuli applied to joint 
and muscle can activate small-diameter afferents and 
produce a prolonged excitation of spinal dorsal horn 
and ventral horn neurones in rats and cats (e.g., Woolf 
and Wall 1986; Guilbaud 1988; Schaible and Schmidt 
1988; Hoheisel and Mense 1989; Neugebauer and 
Schaible 1990; Mense 1991; Woolf and Thompson 
1991). One of these chemical stimuli is mustard oil, a 
small-fibre excitant and inflammatory irritant (Jancso 
et al. 1967, 1977; Jancso-Gabor et al. 1976; Reeh et al. 
1986; Woolf and Wall 1986; Handwerker and Reeh 
1991) which may induce a prolonged facilitation of 
spinal cord alpha-motoneurones and the flexion reflex 
that lasts as long as 2 h (Woolf and Wall 1986; Woolf 
and Thompson 1991). These effects have been viewed 
as integral spinal mechanisms of deep pain that may 
also contribute to the spread and referral of pain and 
to the prolonged sensitivity of deep tissues after they 
are injured or inflamed (Schaible and Schmidt 1988; 
Neugebauer and Schaible 1990; Mense 1991).

No information is, however, available if similarly 
prolonged effects occur in craniofacial and cervical 
reflex pathways after experimental injury or inflamma 
tion of cervical tissues. Yet such effects have been 
implicated clinically in myofasciai dysfunction in these 
regions after injury or inflammation of cervical muscles 
and paraspinal tissues of the neck (e.g., Feinstein 1977; 
Wyke 1979; Goodman 1988; Simons 1988; Jaeger 1989). 
Therefore, effects of deep cervical inputs to the central 
nervous system were tested on jaw and neck muscle 
activity in rats. The application to the cervical 
paraspinal tissues of the inflammatory irritant, mustard 
oil, was used to activate these deep inputs.

Some of these data have been briefly presented in 
abstract form (Sessle et al. 1991).

Methods

The study was carried out on 19 male Sprague-Dawley rats 
(Z50-350 g). Anaesthesia was initially induced by ketamine (130 
nig/kg, i.p.) so that a iracheal cannula could be inserted and the 
right external jugular vein cannulated. Then anaesthesia was main 
tained by a mixture of ! .' O; . 2/3 N,O. and \% halothane. The 
animal was placed in 3 stereotaxic apparatus and two screws were 
inserted into the exposed dorsal surface of the skull. A bar that was 
connected to the sterectaxic apparatus was placed in contact with 
the screws and fixed in place with dental cement so that the stereo- 
ta.\ic ear and incisor rars could be removed. After surgery, the 
halothane concentration was maintained at 0.3-0.5^ so that noxious 
pressure applied to the hindpaw could induce a slight flexion reflex 
response of the hindlimr. Heart rate, expired percent CO 3 and body 
core temperature were rontinuously monitored and maintained at 
physiological levels of .-.V—:.-0/min, 3.5-5.5**. and 37-37.S°C. re

spectively. A pair of bipolar EMG electrodes (36-40-ga, single, 
stranded. Teflon-coated stainless-steel wire: interpolar distance 0.5 
cm; exposed lips 0.5 mm) was inserted through she intact skin into 
each of the digastric, masscter and trapezius muscles on the side 
ipsilateral to the injection sile (see below) and bilaterally into (he 
deep neck muscles (rectus capitis posterior). Electrode locations 
were checked by dissection after each experiment- and confirmed in 
all the target muscles mentioned above, except for the digastric 
muscle of 1 rat and trapezius muscles of 2 rats: the EMG data 
recorded from these three muscles were not included in the subse 
quent analysis. Two to 3 h after the initial ketamine induction, the 
resting EMG activity in the muscles was monitored before, during 
and after the injection of either mineral (20 ;il. as vehicle) or 
mustard oil (20% alh/1-isothiocyanate, BDH. Pock: in mineral oil, 20 
/zl) into the deep paraspinal tissues of the left side of the neck. The 
injection was made from a dorsal approach. 1-5 cm behind the 
occipital ridge and 0-5 cm lateral to the midline (e.g.. Fig. 3a); the 
injection site was 1 cm below the skin surface, within the paraspinal 
tissues around the CJ-3 vertebrae.

In order to assess the stability of the EMG recording conditions, 
the EMG activity of the five muscles was continuously recorded in 3 
animals for 2-4 h without any mineral and mustard oil injections. 
The effect of mustard oil was assessed in another 9 animals in which 
the EMG activity was first recorded for 20 min before and for 10-20 
min after vehicle (mineral oil) injection, and ihen for another 30-40 
min after mustard oil was injected. As control for the effect {see 
Results) of mustard oi! injection into the deep panspinal tissues, the 
EMG activity in another 4 animals was recorded according to the 
same protocol described above for the 9 animals except that a second 
injection of mineral instead of mustard oil was delivered, and in 3 
animals the effect of mustard oil injected into the gastrocnemius- 
soleus muscle on tee EMG activity of the jaw and neck muscles was 
tested.

The EMG activiry of each muscle was amplified (gain: 1000- 
5000 X; bandwidth: 30-3000 Hz) and displayed oa oscilloscopes, and 
also recorded on aTM tape recorder, for 1 min every 3-5 min before 
vehicle injection; immediately after either vehicie or mustard oil 
injection, EMG activity was continuously recorded for 3-5 min and 
thereafter for 1 min every 3-5 min. The EMG dau recorded into the 
computer was processed offline with the program Spike2 (CED, 
Cambridge). The EMG signals recorded were rectified and inte 
grated every 1 sec to allow the latency of onset of EMG activity to be 
determined; in addition, since the increase in EMG activity induced 
by the injection of mustard oil lasted up to ~0 mm ('see Results), the 
EMG activiry was also rectified and integrated every 60 sec to allow 
the duration of any EMG response to be noted. Because insertion of 
the injection needle could itself sometimes induce a small transient 
(5-10 sec) increase in neck EMG activity-, inienion of mineral or 
mustard oil did not commence until the EMG anrvity had returned 
to pre-insertion levels: the integrated EMG activity associated with 
any such transient response evoked by needle insertion was not 
included in the data analysis.

Since in all rats Injected with mineral or musisrd oil there was no 
significant variation in EMG activity of each muscle before vehicle 
injection (Wilcoxon rest P> 0.05, e.g.. Fig. 2}. al] pre-injection data 
points for each muscie were pooled in each of tiese 16 animals to 
produce a mean value which represented the p«-injection level of 
EMG activity for the muscle in each animal. Ail postinjection data 
points were normalized relative to this mean value and expressed as 
a percentage value oi she mean pre-injection !ev;i of EMG activity- 
Changes in EMG activity after injection of either mineral or mustard 
oil were regarded as Jn increase if one or more EMG data point* 
rose 2 standard deviations (S.D.) above this mean baseline level. The 
time from the beginning of injection to the incrsi-^ in EMG activity 
was designated as ir.f latency of the response, ind that from *« 
increase in EMG a".:viry to recovery to the prt-injcction level of 
EMG activity was des:£nated as the duration of :.-t response.
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The incidence of these EMG changes for each muscle were 
compared statistically with Fisher's exact probability test (Fisher 
test). The Wilcoxon tesi was used for statistical comparisons between 
the mean value representing the pre-injection level of EMG activity 
(see above) and any data point of the postinjection periods. The 
Mann-Whitney test was used for a population comparison of the 
EMG activity between ibe group of 9 animals receiving mineral oil 
followed by mustard oil and the 4 control animals receiving injections 
of mineral oil twice. Values were expressed as meaniS.D., and P 
values less than 0.05 (2-tailed) were regarded as significant.

Recent studies in our laboratories (Haas et al. 1992) have shown 
that with mustard oil injected into deep craniofacial tissues, the 
visual localization of the mustard oil-induced Evans Blue extravasa 
tion correlates well with the spectrophotometric detection of its 
presence and histological parameters of inflammation. Therefore, in 
the present study, at the end of each experiment 40 min after the 
injection of mustard oil In = 9) or the second injection of mineral oil 
in = 4), Evans Blue (0.2 ml, l%)was injected through the catheter in 
the right external jugular vein and 20 min later the animal was given 
a lethal injection (T61. Hoechst, Montreal). The mustard oil injection 
site was visually localized according to the appearance of ex- 
travasated dye and was then outlined on a standard drawing of the 
neck region of the rat: the tissues were also examined histologically 
for evidence of inflammation.

Results

None of 3 animals examined to assess the stability of 
the EMG recording conditions showed any change 
greater than 2 S.D. in the baseline level of EMG 
activity over the 2-4 h observation period. In the 
remaining 16 animals, there was also no significant 
variation in EMG activity in any muscle in the 20 min 
period before injection of mineral oil into the deep 
paraspinal tissues of Cl-3 or of mustard oil into the 
gastrocnemius-soleus muscle. Injection of mineral oil 
produced a transient increase above the baseline EMG 
activity level in only a few animals (e.g., Fig. 1). When 
the data for each of five muscles of all the animals 
receiving mineral oil followed by mustard oil was statis 
tically analyzed, there was no significant increase (P> 
0.05, Wilcoxon test) in EMG activity induced by min 
eral oil injection for any muscle of the group of animals 
(Fig. 2). The experiments in which the control animals 
received injections of mineral oil twice verified that the 
second injection of mineral oil did not induce a signifi 
cant change in EMG activity (see Table I and Fig. 2), 
and the magnitude of the mineral oil-induced increase 
in EMG activity was significantly smaller (P < 0.05, 
Mann-Whitney test) than that induced by mustard oil
(Fig. 2).

In the 9 animals receiving an injection of mustard 
oil into the deep paraspinal tissues, a large increase in 
EMG activity occurred in the majority of animals (e.g., 
Fiss. 1 and 3) and the incidence was significantly 
higher (P < 0.05. Fi>her test) than that associated with 
the injection of mineral oil (Table I). Furthermore, the 
magnitude of the mustard oil-induced EMG increase 
in This group of animals was significantly higher (P<

0 L 
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Fig. 1. An example of EMG changes after mineral and mustard oil 
injections into deep paraspinal tissues surrounding the Cl-3 verte 
brae. A: dotted area shows the location of enravasaied Evans Blue. 
B: the EMG activity traces are expressed in terms of the integrated 
EMG area for every 1 sec. C-F: the actual EMG traces recorded, at 
the time specified, from (top to bottom) the ipsilateral digastric, 
masseter, deep neck muscles and from contralateral deep neck 
muscle. C: before mineral oil injection. D: during and after mineral 
oil injection. E: during and after mustard oil injection. F: 20 min 
after mustard oil injection, i: start injection: *: end injection and 

withdrawal of needle. Ipsi.: ipsilateral: Comr.: contralateral.

0.05, Mann-Whitney test) than the magnitude of the 
effect of mineral oil in each of the neck muscles (Fig. 
2). These significant changes and differences between 
the effects of mineral oil and mustard oil were appar 
ent when either the total EMG area or the peak EMG 
activity was analyzed. The mustard oil-induced peak 
increase in EMG activity in each muscle is shown in 
Table II and Fig. 3. While most animals showed activa 
tion of the jaw muscles as well as the neck muscles, the 
effects were more prominent in the latter. In contrast, 
neither injection of mustard oil into the gastrocnemius- 
soleus muscle nor noxious pressure of the hindpaw 
produced any increase in EMG activity of the jaw and 
neck muscles tested.

The increased EMG activity evoked by mustard oil 
was reflected in one or two phases of enhanced activ 
ity. In each of the muscles in which mustard oil-injec 
tion induced an increase in EMG activity the early 
phase of increased EMG activity was documented ex 
cept in the digastric muscle of 1 rat. The later phase in
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contrast had a lower frequency of occurrence: 40% for 
the ipsilateral digastric muscles, 25% for the ipsilateral 
masseter muscles. 30% for the ipsilateral trapezius 
muscles and 60% for the ipsilateral as well as the 
contralateral deep neck muscles. The early EMG in 
crease usually occurred soon after the mustard oil 
injection (mean latency: 20.4 ± 17.7 sec) and lasted 
only 1.6 ± 1.1 min before returning to the pre-injection 
levels (Figs. 1 and 2). The second phase in EMG

activity occurred at a mean latency 11.3 ± 7.6 min after 
the mustard oil injection, and its amplitude was some- 
times (30%) even greater than that of the early phase 
(e.g., Fig. 1). The mean duration of the second phase 
(11.0 + 8.1 min) was significantly (P<0.01, WilcoXOn 
test) longer than that of the early phase: thereafter the 
EMG activity returned to pre-injection levels and no 
further increase in EMG activity was noted for the rest 
of the recording period (up to 1 h). Fig. 2 shows the
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:he changes in EMG activity of one group of rats receiving mustard oil at 20 min after the vehicle < mineral oil] 
j by the injection of mustard oil). The dashed line shows the changes in EMG activity of :ne control group of 4 *& 
s:ead of mustard oil. again 20 min after the first vehicle injection. * and **: P<0.05 and ?< 0.01 (Wilcoxon M* 
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TABLE I

INCIDENCE OF INCREASE IN EMG ACTIVITY AFTER IN 
JECTION OF EITHER MINERAL OR MUSTARD OIL INTO 
THE DEEP PARASPINAL TISSUES SURROUNDING THE Cl-3 
VERTEBRAE

Ipsi.. ipsilateral; Conir, contralateral; deep neck, rectus capitis pos 
terior muscle. Numbers in parentheses represent number of rats 
tested (see Methods). Values in the left two columns are results 
recorded in the group of 4 control animals, and in the right two 
columns are results in the group of animals receiving mineral oil then 
mustard oil.

TABLE II
MUSTARD OIL INDUCED PEAK INCREASE IN EMG ACTIV 
ITY
Abbreviations as for Table 1. n, Number <>f animals in which the 
mustard oil injection into the deep paraspinal tissues surrounding 
the Cl-3 vertebrae induced an increase in EMG activity. The peak 
increases in EMG activity are expressed in terms of the percentage 
of the pre-injection level of the EMG activity in each muscle. The 
values in the table are given as meaniS.D.

Muscles Increase in EMG activities

Muscles First in- Second Firsl in- Second
jection injection jection injection
Mineral Mineral Mineral Mustard
ofl(%> oil(%) oil(St) oil(%)

Ipsi. digastric
Ipsi. masseter
Ipsi.. trapezius
Ipsi. deep neck
Conlr. deep neck

0
50
50
50
50

25(4)
0(4)

50(4)
25(4)
25(4)

25
33
57"»">

22

75(8)
78 (9)
86(7)
89 (9) *

100 (9) * *

Ipsi. digastric (n = 6) 
Ipsi. masseter (n = 8) 
Ipsi. trapezius (n = 6) 
Ipsi. deep neck (n = 8) 
Contr. deep neck (n = 9)

377 ± 2S4<>
204 ± s:<-r
96S±I54.' f?
93: ± s:6^
424+ 305'}

Indicates that incidence of the increase in EMG activity induced 
by injection of mustard oil was significantly higher than that 
induced by injection of mineral oil in the group of animals 
receiving mineral ofl then mustard oil (P < 0.05 Fisher test). 
Indicates that the Incidence of the increase in EMG activity 
induced by injection of mustard oil was not only significantly 
higher than that induced by injection of mineral oil in the group 
of animals receiving mineral oil then mustard oil. but also higher 
than that induced by the second injection of mineral oil in the 
group of control animals (f < 0.05 Fisher test).

phases of the increased EMG activity induced by mus 
tard oil injection. Note that the second phase was 
especially prominent in the deep neck muscles.

There was no evidence of Evans Blue extravasation 
or histological evidence of inflammation in the deep

* Indicates that the EMG response amplitude of the masseter 
muscle was significantly smaller than that of the ipsi. trapezius, 
ipsi. deep neck and contr. deep neck muscles ( P < 0.05 Wilcoxon 
test).

paraspinal tissues of Cl-3 of any of the 4 animals 
receiving two injections of mineral oil. Evans Blue 
extravasation and an inflammatory reaction were, how 
ever, apparent in the 9 animals receiving mustard oil. 
The dye was localized to the deep paraspinal tissues 
surrounding the Cl-3 vertebrae (e.g.. Fig. 3). Although 
the dye was mainly found in the deep paraspinal tis 
sues on the side ipsilateral to the injection, in 5 of the 9 
animals the dye also spread to the contralateral side. 
No relationship was apparent between the magnitude 
of the increased EMG activity in each muscle pro 
duced by the injection of mustard oil and the location 
of the dye (Fig. 3). Histological examination of these 
deep paraspinal cervical tissues revealed, in accor-

Extent of Extravasation

Ipri. dlg«ilrle

lp*l. m«iMt«r

Ipil. Iriptilui

lp>l. d«ip 
nack mutcU

Conlr. d««p 
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y
Magnitude of EMG Activity

Fie. 3. Location of exiravasated dye, and magnitude of mustard oil-induced EMG activity in 9 ru:s. a: site of injection shc"*n bv the spot with soft 
tissue and skeletal structures outlined. Shaded regions in b-j show the visualised location of dye. In the lower parts of the tleure. symbols C1"^, 
--- -- aiui -) re f.e~ magnitudes of the peak increases in the EMG activity induced by mustard oil injection (regardless of the response 
phase) The pre-iniec::on EMG activity level in each muscle was represented by the mean varue of EMG activity before the vehicle injection 
(= llXy~f). ———EMG icijvity increased by more than 1000^ of the pre-injection level: EMG activity increased by 500-1000^ of the 

ection level: —EMG activity increased by 200-500<~f of the pre-injecliun level: 'EMG activity increased by less than 2(H)rf of the 
pre-injection level: "no increase in EMG activity. Abbreviation? a* for Fig. I.
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dance with analogous findings when mustard oil is 
injected into deep craniofacial tissues (Haas et al. 
1992), an inflammatory reaction in the connective tis 
sues between the rectus capitis posterior muscle fibres 
and clear evidence of congestion, extravasation and 
invasion of tissues by polymorphonuclear leucocytes. 
No such inflammatory reaction was apparent in these 
or other tissues when only mineral oil was injected.

Discussion

The present study has provided the first documenta 
tion that stimulation of cervical paraspinal tissues by 
an inflammatory' irritant results in an inflammatory 
response in the paraspinal tissues and in a sustained 
and reversible activation of both jaw and neck muscles. 
This activation is especially prominent in the deep 
neck muscles, and may be manifested as two phases of 
increased EMG activity.

In the present study, we have documented that the 
use of an O2/N:O/halothane mixture is associated 
with a stable preparation and stable baseline EMG 
activity. This is consistent with other studies (see Le 
Bars et al. 1980: Benoist et al. 1984; Dallel et al. 1990). 
Variability in the EMG response to mustard oil injec 
tion was observed but it is presently unclear what 
factors may have accounted for this, e.g., under our 
experimental conditions, we did not find any relation 
ship between the incidence or magnitude of the EMG 
response and the anaesthesia level, or the incidence or 
magnitude of the EMG response and location or extent 
of the Evans Blue extravasation induced by mustard 
oil. Sympathetic efferents may have a role in the pe 
ripheral modulation of the response, but their role in 
mustard oil-induced effects here yet to be examined.

Mustard oil has been shown to excite small-diameter 
nociceptive afferents, but not the large-diameter non- 
nociceptive afferents supplying skin (Reeh et al. 1986; 
Woolf and Wall 1986; Handwerker and Reeh 1991); it 
also acts as an inflammatory irritant (Jancso et al. 1967, 
1977; Jancso-Gabor et al. 1976; Woolf and Wall 1986; 
Handwerker and Reeh 1991). The time course of the 
increased EMG activity induced by mustard oil that 
was observed in this study is not inconsistent with that 
of the activation of C-fibre afferents that may last for 
up to 30 min I Reeh et al. 1986). High-intensity electri 
cal stimulation of limb muscle afferents at C-fibre 
strength can indeed produce a prolonged facilitation of 
the evoked flexion reflex and this effect has been 
related to pathophysiological mechanisms occurring in 
response to injury or inflammation (Wall and Woolf 
1984: Woolf and Wall 1986).

Mechanisms underlying the mustard oil-induced in 
creased excitability of the jaw and neck muscles also 
are likelv related :o the activation of nociceptive affer

ents supplying in this case the paraspinal tissues of the 
neck, with the subsequent activation of brain stern and 
cervical interneurones and then motoneurones supply, 
ing the muscles (Dubner et al. 1978: Abrahams 198fi. 
Abrahams and Richmond 1988). As noted above, there 
is no evidence that large-diameter afferents are in- 
volved in the excitatory effects induced by mustard oil 
Furthermore, the activity of large-diameter muscle af 
ferents innervating the gastrocnemius-soleus muscle is 
indeed significantly inhibited following the injection of 
inflammatory irritants such as carrageenan into the 
muscle (Yu, Scherotzke and Mense. unpublished data). 
Unmyelinated and small-diameter myelinated afferents 
and free nerve endings predominate in the neck mus 
cles (Abrahams and Richmond 198S; Richmond et al. 
1988). Unfortunately, there has been no detailed study 
of the response properties of the nociceptive afferents 
supplying deep cervical tissues, but it is reasonable to 
assume that they show properties similar to nociceptive 
afferents supplying deep tissues of the limbs, trunk and 
head (e.g., Dubner et al. 1978: Mense 1986, 1991; 
Handwerker and Reeh 1991; Sessle and Hu 1991). The 
latency of the EMG response was longer than that 
reported for mustard oil-induced excitation of primary 
afferent fibres, and the time course of the EMG re 
sponse is comparable to the temporal features of the 
increased excitability of sensory- neurones in the 
trigeminal spinal tract nucleus induced by the injection 
of mustard oil into the deep masseter muscle (Hu et al. 
1992) and tongue (Yu et al. 1991V. this nucleus is the 
site of reflex interneurones serving in many craniofa 
cial and cervical reflex pathways (Dubner et al. 1978; 
Rossignol et al. 1988; Olsson and Westberg 1989). 
However, it should be noted that the time courses of 
both the increased EMG activity and the neuronal 
hyperexcitability induced by mustard oil (Yu et al. 
1991, 1992; Hu et al. 1992) are not comparable to the 
temporal features of the inflammation process which 
may last more than 2 h after application of mustard oil 
(Reeh et al. 1986; Haas et al. 1992).

A small transient increase in EMG activity some 
times occurred after injection of mineral oil. However, 
in contrast to mustard oil, EMG changes produced by 
the mineral oil injection occurred only in a few animal* 
and were much smaller in amplitude and shorter in 
duration. This was verified in the experiments in which 
the control animals received two injections of mineral 
oil. The short-lasting increase in EMG activity proba 
bly reflected the response to mechanical stimulatio11 
produced by the needle or to the volumetric stimuli 
tion of the tissues.

Our data indicate that the effects of mustard <*[ 
sometimes included two phases of increased EM« 
activity, especially in the deep neck muscles. There W 
been no report detailing two phases of activation 
nociceptive afferents by mustard oil. or of a 2-ph
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reflex effect of mustard oil, other than the late phase 
of hyperexcitability noted for some neurones of the 
trigeminal spinal tract nucleus (Yu et al. 1991; Hu et 
al. 1992). However, mustard oil applied to the skin of 
the rat hindpaw first induces a short burst of activity of 
flexor alpha-motoneurones lasting less than 3 min, and 
then a facilitation of the pinch-evoked limb flexor 
reflex that lasts up to about 100 min (Woolf and Wall 
1986). The two phases of increased EMG activity are 
somewhat reminiscent of the temporal features of the 
effects of formalin injected into subcutaneous tissues 
(Dubuisson and Dennis 1977; Dickenson and Sullivan 
1987; Hunskaar and Hole 1987). Central mechanisms, 
however, also may contribute since the central neu- 
ronal and reflex changes induced by mustard oil have 
been viewed, at least in part, as reflecting a 'central 
sensitization' or 'functional plasticity' of central noci- 
ceptive neurones that is initiated, but not necessarily 
maintained, by nociceptive primary afferent input 
(Woolf 1989; Wall 1985; Neugebauer and Schaible 
1990; Dubner 1992; Hu et al. 1992).

The effects that we observed can be attributed to 
reflex responses, as opposed to direct effects on the 
muscles by peripheral spread of the mustard oil, for 
several reasons: (i) as mentioned above, the time course 
of the increase in EMG activity is consistent with that 
seen in primary afferents (Reeh et al. 1986) and neu 
rones in the trigeminal spinal tract nucleus (Yu et al. 
1991; Hu et al. 1992), (ii) the limited extent of extrava 
sation of Evans Blue suggests that the acute inflamma 
tion induced by mustard oil was localized to deep 
paraspinal tissues surrounding the Cl-3 vertebrae, (iii) 
the increased EMG activity was seen in muscles re 
mote from the injection site as well as on the side 
contralateral to the injection site, and (iv) pre-applica- 
tion of local anaesthetic into the mustard oil injection 
site (Woolf and Wall 1986; Yu et al. 1993) or of the 
C-fibre neurotoxin capsaicin to afferent nerves (Woolf 
and Wall 1986) can prevent the excitatory effects of 
mustard oil.

In contrast to the lack of EMG changes associated 
with the application of noxious pressure to the hind- 
paw or the injection of mustard oil into the gastrocne- 
mius-soleus muscle, injection of mustard oil into the 
deep paraspinal tissues induced an increase in EMG 
activity in the jaw muscles as well as the neck muscula 
ture in most of the animals tested. These effects were 
more prominent in the neck muscles which is sugges 
tive of a segmental or somatotopic organization to the 
responses that we have documented, with more limited 
expression in muscles (e.g., jaw muscles) more remote 
from the site of the irritant stimulus. This also has 
clinical implications <ince trauma or inflammation of 
deep structures is ".ore likely to manifest myofascial 
responses adjacent to the injury (Guilbaud 1988; Good 
man 19SS: Kehlet L^l). although there was no appar

ent relationship between the EMG response ampli 
tudes and the location and spread of the extravasated 
Evans Blue in the deep paraspinal tissues surrounding 
the Cl-3 vertebrae.
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Effects of inflammatory irritant application to the rat 
temporomandibular joint on jaw and neck muscle activity
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Summary An electromyographic (EMG) study was carried out in 40 anaesthetized rats to determine if the 
activity of jaw and neck muscles could be influenced by injection of the small-fibre excitant and inflammatory 
irritant mustard oil into the region of the temporomandibular joint (TMJ). Injection of a vehicle (mineral oil, 20 /il) 
did not produce any significant change in EMG activity. In contrast, injection of mustard oil (20 /il, 20%) evoked 
increases in EMG activity in the jaw muscles but not in the neck muscles. The increased EMG activity evoked by 
mustard oil was reflected in 1 or 2 phases of increased activity. The early EMG increase occurred soon after the 
mustard oil injection (mean latency ± SD: 3.5 ± 2.3 sec), peaked within 1 min, and then subsided (mean duration: 
7.5 ± 5.2 min). The later EMG increase occurred at 14.6 ± 10.0 min after the mustard oil injection and lasted 
14.3 ± 12.3 min. These excitatory effects of mustard oil on the EMG activity of jaw muscles appear to have a reflex 
basis since they could be abolished by pre-administration of local anaesthetic into the TMJ region. These results 
document that TMJ injection of mustard oil results in a sustained and reversible activation of jaw muscles that may 
be related to the reported clinical occurrence of increased muscle activity associated with trauma to the TMJ.

Key words: Electromyography; Inflammatory irritant; Temporomandibular joint; Jaw muscle; Neck muscle

Introduction

It has previously been documented in cats (Broton 
and Sessle 1988) that electrical stimulation of temporo 
mandibular joint (TMJ) afferents or injection of algesic 
chemicals (7% NaCI, KCI, histamine) into the TMJ 
resulted in a sustained (^30 sec) reflex increase in 
electromyography (EMG) activity of the genioglossus, 
anterior digastric and middle temporalis muscles. An 
other algesic chemical is mustard oil, which is a small- 
fibre excitant and inflammatory irritant (Jancso et al. 
1967, 1977; Woolf and Wall 1986; Handwerker and 
Reeh 1991), and our recent study in rats (Hu et al. 
1993) has demonstrated that mustard oil injected into 
deep paraspinal cervical tissues can induce a sustained 
and reversible increase in EMG activity in both neck 
and jaw muscles. These findings suggest that trauma or

* Corresponding author. J.W. Hu, Faculty of Dentistry, University of 
Toronto, 124 Edward Street, Toronto, Ontario M5O 1G6, Canada.

noxious stimulation of craniofacial or paraspinal deep 
tissues can produce a sustained excitation of several 
masticatory muscles that may serve to protect the mas 
ticatory system from potentially damaging movements 
(Sessle and Hu 1991). Such reflex effects have been 
implicated clinically in TMJ pain and dysfunction 
(Dubner et al. 1978; Storey 1979; Zarb and Speck 1979; 
Laskin et al. 1983; M0ller 1985; Bell 1986), and may 
have as their basis the 'central sensitization' of V 
brain-stem neurones (Hu et al. 1992), many of which 
serve as reflex interneurones in jaw and neck motor 
pathways (e.g., Dubner et al. 1978; Sessle and Hu 
1991).

While free nerve endings and small-diameter slowly 
conducting afferents have been implicated in pain and 
nociceptive reflexes associated with trauma or dysfunc 
tion of the TMJ (Klineberg 1971; Dubner et al. 1978; 
Broton and Sessle 1988; Broton et al. 1988; Sessle and 
Hu 1991), there are no available data dealing with the 
effect of the small-fibre excitant and inflammatory 
irritant mustard oil injected into TMJ on jaw and neck

SSDI 0304-3959(94)00104-M
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muscle activities. In the present study, therefore, we 
tested whether injection of mustard oil into the TMJ 
area could reflexly induce an EMG increase in jaw and 
neck muscles.

Some of these data have been briefly presented in 
abstract form (Yu et al. 1992, 1993b).

Methods

The study was carried out on 40 Spraguc-Dawlcy nits of cither 
sex (250-450 g). The animals were initially anaesthetized by a 
mixture of O,/N:O (1:2), and 2-3% halolhane. A trachea! cannula 
was inserted and the right external jugular vein cannulatcd. The 
animal was .placed in a Mereolaxic apparatus and two screws were, 
inserted into the exposed dorsal surface of the skull. A bar that was 
connected to the stereotaxic apparatus was placed in contact with 
the screws and fixed in place with dental cement so that the slereo 
laxic ear and incisor bars could be removed. After surgery, a cannula 
consisting of 2 needles (30-ga) connected to 2 Hamilton syringes (20 
jil) with polyethylene tubes for injection was passed through the 
TMJ capsule into the TMJ on the left side and fixed in place. During 
the EMG recordings (see below), the halolhane concentration was 
maintained at 0.5-0.8% so that noxious pressure applied to the hind 
paw could induce only a slight flexion reflex response of the hind 
limb. Heart rale, percent expired CO,, and body core temperature 
were continuously monitored and maintained at physiological levels 
of 330-430/min, 4-5%, and 37-37.5°C, respectively.

Pairs of bipolar EMG electrodes (36-4fl-ga, single-stranded, 
Teflon-coated stainless-steel wire; interpolar distance: OJ-0.5 cm; 
exposed lips: 0.5-1 mm) were inserted into the digastric muscle on 
the side ipsilateral to the injection site and bilaterally in the masseter 
muscles in all the 40 animals and also in the ipsilateral trapezius and 
bilateral deep neck muscles (rcctus capilis posterior) in 7 of these 
animals. The EMG electrode locations were confirmed by post 
mortem dissection immediately after each experiment.

The EMG activity of each muscle was amplified (gain: 10,000- 
50,000 X; bandwidth: 30-3000 Hz) and displayed on oscilloscopes, 
and also recorded online with a data acquisition system (consisting of 
a IBM AT 386 computer, CED 1401 Plus hardware and software 
'Spike2'; CED, Cambridge). Signal sampling rate was 2000 Hz. The 
EMG activity was recorded for 1 min every 3-5 min for Ihe first 20 
min; immediately after either the mineral or mustard oil injection, 
EMG activity was continuously recorded for 3-5 min and thereafter 
for 1 min every 3-5 min, except that in the 15 animals tested only

with the mustard oil injection (see below), EMG activity was coiui^. 
ously recorded for 20 min before the mustard oil injection and fa 
30-240 min after the mustard oil injection.

In all animals. EMG activity was first observed for 21) min prior (j 
any injection. In 15 animals, mustard oil (20% allylisolhiocyana^ 
BDH. Poolc; in mineral oil, 20 ;xl) was injected into the TMJ rcgioj 
and EMG activity was continuously recorded thereafter for .\0-Ju 
min. As a control for the effect of the mustard oil injection, mineral 
oil (vehicle, 20 n\) was injected into the TMJ region of another 13 
animals. In 7 of these 13 animals, mustard oil was also injected inlo 
the same site at 30 min after the mineral oil injection, and EMC 
observations continued for another 30-40 min. In another 12 animals 
the local anaesthetic lidocaine (1.4 mg/kg, 2%, Abbott. Chicago. II; 
n = fi) or saline (vehicle, 20 >il; n = 6) wax injected into the TMJ 
region, followed by mustard oil into the same site 5 min later.

At the end of each experiment, Evuns Blue dye (5 msAg) was 
injected through the catheter in the right cxlcrmil jugular vein, and 
10 min later a eulhanasic agent (T6I. Hoechsi) was administered. 
The mustard oil injection site was visually localized according to ihj 
appearance of extravas.ited dye and the tissues were also examined 
histologicalty far evidence of inflammation (Haas cl al. 1992; Hu cl 
al. 1993).

The recorded EMG data was processed offline with the CED 
1401 Plus software *Spike2': al first, EMG signals were rectified, and 
then EMG area integrated separately for each 1 and 60 sec. EMG 
activity of each muscle was expressed with the data points represcnl- 
ing the integrated area for each 60-sec segment.

Data points of EMG activity for each muscle recorded in iht 
initial 20 min in each animal were pooled to produce a mean vjlut 
which represented the baseline level of EMG activity for Ihe muscle. 
Since EMG recording is a multi-unit recording, variability may be 
produced by the EMG recording technique itself. Therefore, rclalivi 
changes in EMG activity with respect to the baseline EMG level 
were used to assess the effects of chemical injections into the TMJ. 
AH data points were normalized relative to the mean value and 
expressed as a percentage value of the mean baseline level or the 
EMG activity; 'ceiling' or "floor' effects can distort normalyzed data 
but were not a confound in the study. Changes in EMG activity after 
the injection of either mineral oil or mustard oil were regarded as in 
increase if one or more EMG data points rose 2 standard deviations 
above this mean baseline level. The time period from the beginning 
of Ihe injection to the increase in EMG activity was designated as Ihe 
latency of Ihe response, and the lime period from the increase in 
EMG activity to recovery to the baseline level of EMG activity was 
designated as the duration of the response.

Fisher's Exact Probability lest (Fisher test) was used to compare 
the incidence of any EMG increase after the mustard oil injection in

TABLE I
EMG INCREASES EVOKED BY MINERAL OR MUSTARD OIL INJECTIONS INTO THE TMJ REGION
Numbers in parentheses represent number of animals tested. Values for the latency and duration in the table are given as mean and SD. ValuB
in the columns for mineral oil injection are results recorded in the group of 13 animals tested by mineral oil injection. Values in the columns to
mustard oil are results recorded in the group of 15 animals tested only by mustard oil injection. lp., ipsilateral; Cl., contralaieral.

Mineral oil (13)
Jaw muscles

lp. digastric 
Ip. masseter 
Ct. masseter

Incidence Latency 
(sec)

23% 
38% 
31%

5.0 ± 2.8 
30.7 ±24.7 
28.3 ± 1.7

Duration 
(min)

3.0 ± 1.0 
3.5 ± 1.1 
2.1 ±0.9

Mustard oil (15)
Early phase
Incidence

100%*** 
87%** 
53%

Later phase
Latency 
(sec)
3.1 ± 2.3 
3.2 ±1.8 
6.7 ±1.7

Duration 
(min)
6.6 + 4.5 

10.7 ±4.7 
2.7 ± 1.8

Incidence Latency 
(min)

47% 
53% 
47%

14.1 ± 10.0 
15.3 ± 8.1 
14.4 ±11.7

Duration 
(min)
18.8 ±15.0 
16.3 ±HX8 
7J± 6.7

** P < 0.01 and *** P < 0.001 (Fisher test) indicate that the incidence of the EMG increase evoked by mustard oil injection was 
higher than that evoked by mineral oil injection.
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the 15 animals with the incidence of any EMG increase after the 

mineral oil injection in the 13 animals tested. The Wilcoxon test was 

used for the comparison between the mean value representing the 

baseline level of the resting EMG activity (see above) and any data 

point of the poslinjection periods. The Mann-Whitney test was used 

for statistical comparison of EMG activity between the animals 

tested only by mustard oil injection and the animals tested by 

mineral oil injection, and also used for statistical comparison of 

EMG activity between the animals receiving mustard oil injection 

following lidocaine administration and the animals receiving mustard 

oil injection following saline administration. A probability level of 

less than 0.05 (2-tailed) was regarded as significant. In this paper 

values are given as mean±SD.

Results

Effects of mineral and mustard oil injections into the 
TMJ region on EMG activity of jaw muscles

For all 40 animals there was no significant variation 
in EMG activities in any jaw muscle during the initial 
20-min period before any injections into the TMJ re 
gion. Injection of mineral oil produced a transient 
increase above the baseline level of the EMG activity 
in the ipsilateral digastric muscle in 3 animals, in the 
ipsilatera! masseter muscle in 5 animals and in the 
contralateral masseter muscle in 4 of the 13 animals 
tested (see Table I). Compared with the baseline level, 
the mean peak amplitude of the mineral oil-evoked 
EMG activity of the ipsilateral digastric and masseter 
and contralateral masseter were 125 ± 72%, 131% ± 
64%, and 121 ± 49%, respectively. No significant in 
crease (F>0.05, Wilcoxon test) above the baseline 
level of EMG activity evoked by the mineral oil injec 
tion could be demonstrated (Fig. 1).

Mustard oil injection alone (n = 15) evoked an in 
crease of EMG activity in the ipsilateral digastric mus 
cle of all the animals, in the ipsilateral masseter muscle 
of 13 animals (87%) and in the contralateral masseter 
muscle of 8 animals (53%) (e.g., Fig. 2 and Table I). 
The incidence of the evoked ipsilateral digastric EMG 
increase as well as the incidence of the ipsilateral 
masseter EMG increase were significantly (P < 0.001 
and P < 0.01, Fisher test) higher than those evoked by 
the mineral oil injection (Table I). The mean peak 
amplitude of the mustard oil-evoked EMG activity of 
the ipsilateral digastric and masseter and contralateral 
masseter were 357 + 253%, 345 ±200%, and 113 + 
38%, respectively. The amplitude of EMG activity 
evoked by the mustard oil injection was significantly 
greater than the baseline EMG level for the ipsilateral 
digastric and masseter muscles (/> <0.01, Wilcoxon 
test) but not for the contralateral masseter muscle (Fig. 
1) in these 15 animals, and also significantly (P < 0.01, 
Mann-Whitney test) greater than that evoked by the 
mineral oil injection in another 13 animals (Fig. 1). In 
the 7 animals receiving the mustard oil injection follow 
ing the mineral oil injection into the same TMJ region,
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Fig. I. EMG changes evoked by injection of mineral oil (o) or 

mustard oil (•) into the TMJ region. Each datu point represents the 

mean±SD of the normalized values relative (o the mean value of the 

pre-injeclion EMG activity ( = 100%, baseline EMG activity) in each 

rat (in some cases, symbols cover the SD bars). #P<0.05 and

##/> <0.01 (Wilcoxon test) indicate that the amplitude of the EMG 

activity was significantly higher than the baseline EMG activity.

**P<0.01 (Mann-Whilney test) indicates that at the same time 

point after mineral and mustard oil injections, the EMG response 

evoked by mineral oil was significantly smaller than that evoked by 

mustard oil. Ip., ipsilateral; Ct., contralateral; n, number of animals 
tested.

a significant (P<0.05, Wilcoxon test) EMG increase 
above the baseline level was not only noted in the 
ipsilateral digastric and masseter muscles but also in 
the cdntralateral masseter muscle (Fig. 3). In these 7 
animals, in contrast, mineral oil injected into the same 
TMJ region did not produce such effects.

The increased EMG activity evoked by mustard oil 
was reflected in 1 or 2 phases of enhanced activity 
(e.g., Fig. 2). The early increase of the EMG activity 
occurred soon after the mustard oil injection (mean 
latency: 3.5 ± 2.3 sec), peaked within 1 min, and then 
the increase subsided. The early increase in EMG 
activity lasted 7.5 + 5.2 min. In each of the jaw muscles 
in which the mustard oil injection evoked an increase 
in EMG activity the early phase of the increased EMG 
activity was documented in all animals (Table I). The 
later phase, in contrast, had a lower frequency of 
occurrence: 47% for the ipsilateral digastric muscles,
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53% for ipsilateral masseter and 47% for contralateral 
masseter muscles (Table I). The later increase of the 
EMG activity occurred at 14.6 ±10.0 min.after the 
mustard oil injection and lasted 14.3 ± 12.3 min (Table 
I).

Effects of mineral and mustard oil injections into the 
TMJ region on EMG activity of neck muscles

Mustard oil injection evoked an EMG increase in 
the ipsilateral trapezius and deep neck muscles of 3 
animals and in the contralateral deep muscles of 5 
animals. However, neither mineral nor mustard oil 
evoked any statistically significant increase in EMG of 
the neck muscles (P> 0.05, Wilcoxon test, see Fig. 3). 
Compared with the baseline level, the mean peak am 
plitude of the mineral and mustard oil-evoked EMG 
activity of the ipsilateral trapezius and deep neck mus 
cles and contralateral deep neck muscles were 115 ± 
68%, 178 ± 99%, 145 ± 79%, and 105 ± 58%, 134 ± 
177%, 155 ± 88%, respectively.

Effect of pre-administration of lidocainc into the TMJ 
region ,

A transient EMG increase (Fig. 4) was evoked in 
some animals by the injection of either saline (4 of 6)

o

• JO

Time (min)

I 109 *V

Fig. 2. An example of EMG changes evoked by mustard oil injection 
into the TMJ region. A: EMG traces are expressed in terms of the 
integrated EMG area for every 60 sec. B: dotted area shows the 
location of extravasated dye. The actual EMG traces recorded from 
the ipsilateral digastric, masseter and contralateral masseter muscles 
are shown in C, at 15 min before and during mustard oil injection, 
and 10, 16 and 43 min after mustard oil injection. I, start injection; 

T, end injection. Abbreviations as for Fig. 1.
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Fig. 3. EMG changes in neck and jaw muscles evoked by injection of 
mustard oil following mineral oil into the same TMJ region of ihe 
same animals. Each data point represents the mean iSD of the 
normalized values relative to the baseline EMG activity in each ral 
(in some cases, symbols cover the SD bars). # P < 0.05 and ##?< 
0.01 (Wilcoxon test) indicate that the amplitude of the EMG aclivily 
was significantly higher than the baseline EMG activity. Abbrevia 

tions as for Fig. 1.

or lidocaine (2 of 6). This transient EMG increase was 
not statistically significant and disappeared within 1 lo 
5 min after injection.

Mustard oil following the lidocaine injection in the 
same TMJ site did not produce any significant (P> 
0.05, Wilcoxon test) increase of EN'G activity. The 
mean peak amplitudes of the mustard oil-evoked EMG 
activity of the ipsilateral digastric and masseter and 
contralateral masseter were 108 ±5:%, 104±43%, 
and 109% ± 61%, respectively. EMG activity associ 
ated with mustard oil injection in the aiimalsreceivinj 
lidocaine pre-injection was significantly (f< 0.01 and 
0.05, Mann-Whitney test) smaller than that in to 
animals receiving saline pre-injection (Fig. 4).

Inflammation in the TMJ region induced by mustard 
injection

Plasma extravasation shown by Evans Blue dye aW 
mustard oil injection into the TMJ -region could » 
seen in the TMJ capsule of all the animals and in w 
articular disc and synovial membranes of one-third° 
animals. The dotted region shown in Fig. 2B indica 
the location of the extravasated dye. Postmortem «a
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Fig. 4. EMG changes evoked by mustard oil injection into the TMJ 
region in animals with saline pre-administralion to the TMJ region 
(o) or in animals with lidocaine pre-administration to the TMJ 
region (•). Each data point represents the mean±SD of the normal 
ized values relative to the baseline EMG activity (= 100%) in each 
rat (in some cases, symbols cover the SD bars), f P < 0.05 and
#4 P < 0.01 (Wilcoxon test) indicate the amplitude of the EMG 
activity was significantly higher than the baseline EMG activity.
* P <0.05 and ** P <O.OI (Mann-Whitney test) indicate that at the 
same time point after mustard oil injection, Ihe EMG response in 
the animals with lidocaine pre-administration was significantly 
smaller than that in the animals with saline pre-administration. 

Abbreviations as for Fig. 1.

ination of tissues of the TMJ region injected with 
mustard oil revealed congestion, extravasation and in 
vasion of tissues by polymorphonuclear leucocytes. No 
such inflammatory reaction product could be found in 
tissues of the contralateral TMJ region that received 
no injection.

Discussion

This study has provided documentation that applica 
tion of a small-fibre excitant and inflammatory irritant 
to TMJ tissues results in an inflammatory response in 
the tissues and a sustained and reversible activation of 
jaw muscles. This activation may be manifested as 2 
phases of increased EMG activity.

Our finding that the use of an O2/N2O/halothane 
mixture is associated with a stable preparation and 
stable resting EMG activity is consistent with our pre 
vious findings (Hu et al. 1993). Variability in the EMG 
responses to mustard oil injection were observed. How

ever, it is presently unclear what factors may contribute 
to these EMG response variations. Under our experi 
mental conditions, we did not find any relationship 
between the incidence or magnitude of the EMG re 
sponse and the anaesthesia level, or the incidence or 
magnitude of the EMG response and location or extent 
of the Evans Blue extravasation induced by mustard 
oil.

A small transient increase in EMG activity some 
times occurred after injection of either mineral oil, 
saline or lidocaine. However, compared to the changes 
in EMG activity after mustard oil injection, EMG 
changes produced by injection of mineral oil, saline or 
lidocaine occurred only in a few animals and were 
much smaller in amplitude and shorter in duration. 
The short-lasting increase in EMG activity probably 
reflected the response to the volumetric stimulation of 
the tissue (Hu et al. 1993).

The time course of the increased EMG activity 
evoked by mustard oil injected into the TMJ region is 
consistent with that of the neck and jaw EMG increase 
evoked by mustard oil injected into deep paraspinal 
tissues (Hu et al. 1993), except that the latency of the 
EMG increase in the jaw muscles evoked by mustard 
oil injected into the TMJ region was shorter.

No significant EMG increase above the baseline 
EMG level after mustard oil injection into the TMJ 
region was found in the neck muscles. In contrast, 
injection of mustard oil into the deep paraspinal tissues 
induces a significant increase in EMG activity in neck 
as well as jaw muscles, and the increase of the EMG 
activity evoked by mustard oil injected into the 
paraspinal tissues is more prominent in the neck mus 
cles (Hu et al. 1993). Such findings, together with the 
lack of neck and jaw EMG changes associated with the 
application of noxious pressure to the hind paw or the 
injection of mustard oil into the gastrocnemius-soleus 
muscle (Hu et al. 1993), suggest a segmental or somato- 
topic organization of EMG responses, i.e., the re 
sponse is smaller or absent in muscles (e.g., neck 
muscles) more remote from the site of the irritant 
stimulus. This is also consistent with the clinical finding 
that trauma or inflammation of deep structures is more 
likely to manifest myofascial responses adjacent to the 
injury (Goodman 1988; Guilbaud 1988; Kehlet 1991).

Mustard oil-evoked EMG activity in the animals 
receiving pre-administration of lidocaine to the TMJ 
region was significantly blocked. This finding indicates 
that the EMG increase evoked by mustard oil injection 
into the TMJ region may be attributed to a centrally 
mediated reflex response. This view is further sup 
ported by findings that (1) the increased EMG activity 
was seen in muscles remote from or contralateral to 
the injection site, (2) the time course of the EMG 
increase is consistent with that of the mustard oil- 
evoked response in primary afferer.ts (Reeh et al. 1986)
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and nociceptive neurones in the trigeminal spinal tract 
nudeus (Hu et al. 1992; Yu et al. 1993a), and (3) 
application of the C-fibre neurotoxin capsaicin to affer 
ent nerves can prevent the central ncuronal excitatory 
effects of mustard oil (Woolf and Wall 1986).

Our previous study (Hu et al. 1993) has indicated 
that the effects of mustard oil sometimes included 2 
phases of increased EMG activity. This feature is 
somewhat reminiscent to that of the effects of formalin 
injected into subcutaneous tissues (Dubuisson and 
Dennis 1977; Dickenson and Sullivan 1987; Hunskaar 
and Hole 1987). The early phase of the EMG increase 
is very likely a reflex response associated with an 
activation of the nociceptive afferents, as we have 
mentioned above; however, the mechanisms underlying 
the later phase of the response to the mustard oil 
injection remain unclear. Central neural mechanisms 
might contribute to the later phase, because the time 
course of mustard oil-evoked EMG increase does not 
parallel that of plasma extravasation in the TMJ tissues 
evoked by mustard oil: the increase in jaw EMG activ 
ity disappears within 30 min, while plasma extravasa 
tion peaks at 2 h and lasts more than 4 h (Yu et al. 
1993b). It is also noteworthy that application of the 
opiate antagonist naloxone after the disappearance of 
the mustard oil-evoked EMG increase is associated 
with a significant increase in jaw EMG activity (Yu et 
al. 1993b) which suggests that deep injury and inflam 
mation may also provoke and recruit an opiate-related 
suppressive mechanism. Furthermore, administration 
of the, NMDA antagonist MK-801 can significantly 
reduce the jaw EMG response (Yu, Hu and Sessle, 
unpublished data) as well as the facilitation of spinal 
cord or-motoneurones and the flexion reflex (Woolf 
and Thompson 1991) induced by mustard oil. A 'central 
sensitization' or 'functional plasticity' of central noci 
ceptive neurones that is initiated, but not necessarily 
maintained, by nociceptive primary afferent input (Wall 
1985; Woolf 1989; Neugebauer and Schaible 1990; 
Dubner 1992; Hu et al. 1992) may be induced by 
mustard oil. Our present data suggest that activation of 
TMJ nociceptive afferents and changes in central neu 
ral plasticity induced by inputs from the TMJ nocicep 
tive afferents may be related to clinically based con 
cepts of muscle dysfunction such as muscle splinting, 
myospastic activity or trigger point in the case of TM 
disorders (Dubner et al. 1978; Storey 1979; Laskin et 
al. 1983; Bell 1986; Simons 1988).
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Administration of Opiate Antagonist Naloxone Induces Recurrence of 
Increased Jaw Muscle Activities Related to Inflammatory Irritant 
Application to Rat Temporomandibular Joint Region
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Faculty of Dentistry, Utiversity of Toronto. Toronto MSG 1G6; and Canadian Memorial Chiropractic College.
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SUMMARY AND CONCLUSIONS

/. Our recent studies in rats have demonstrated that the small- 
fiber excitant and inflammatory irritant mustard oil injected into 
the temporornandibular joint (TMJ) region can evoke a sustained 
and reversible increase of electronyogiaphic (EMC) activity in 
jaw muscles and an acute mAammatory response. The aim of the 
present study was to test if opioid mechanisms are involved in 
modulating the EMG increase evoked by mustard oil.

1. Mustard oil injected into the rat TMJ region evoked signifi 
cant increases of jaw muscle EMG activity, the vehicle mineral oil 
had no such effect The increased EMC activity lasted up 10 20 
rain, and by 30 min after the mustard oQ injection had returned to 
control (preinjection) levels, at which time administration of the 
opiate antagonist naloxoae (1.3 mg/kg iv) induced a significant 
recurrence of the increase in EMG activity. This "rekindling" of 
EMG activity appeared at 1 to 10 min after the naknone adminis 
tration and lasted for 10 to 20 min. In contrast, naloxoae adminis 
tration in the animab receiving mineral oil bjcctiott into the TMJ 
region did not "rekindlt" the EMO activity, nor did the adminis 
tration of the peripherally acting opiate antagonist rncthylnalox- 
one or the vehicle of naloxone.

3. These findings reveal that the application of the opiate antag 
onist naloxone produces a recurrence of increased jaw muscle ac 
tivity refctivdy evoked by mustard oil injection into th« rat TMJ 
region. They suggest that central opioid depressive mechanisms 
activated by the mustard on-induced afferent barrage limit the 
duration of the evoked EMG changes.

INTRODUCTION

Our recent studies in rats have demonstrated that the 
small-fiber excitant and inflammatory irritant mustard oil 
(Handwerker and Reeh 1991; Jancsd et al., 1977; Woolf 
and Wall 1986) injected into either deep paraspinal cervical 
tissues (Hu et al. 1993) or the temporomandibular joint 
<TMJ) region (Yu et aL 1994) can evoke a sustained and 
reversible increase in eJectromyographic (EMG) activity in 
neck arid/or jaw muscles and an acute inflammation char 
acterized by plasma extravasation. The increased EMG ac 
tivity usually lasts up to 20 min although the plasma extra 
vasation lasts >4 hours (Haas et al. 1992; Hu et al. 1993; 
Yu et al 1993,1994). The present study was initiated to 
determine what mechanisms may be involved in limiting 
the increased EMG activity despite the presence of an ongo 
ing inflammatory response. Because endogenous opioids 
have been implicated in the modulation of central and pe 
ripheral nociceptive transmission associated with injury or 
inflammation of peripheral tissues (Besson and Chaoucb

1987; Dubner and Ruda, J 992; Hargreavcs and Joris 1993; 
Ramabadran and Bansinath 1990; Stein 1993), opiate an 
tagonists were used to test for the possible involvement of 
endogenous opioids in modulating the EMG response 
evoked by the injection of mustard oil into the TMJ region. 
Some of these data have been briefly presented in abstract 
form (Yuetal. 1993).

METHODS
The study was carried out in 24 male Sprague-Dawley rats 

(250-380 g) and involved methods that were in general similar to 
those previously described in detail (Hu et al. 1993; Yu et al. 
1994); thus only a brief description foOows. Under general anaes 
thesia ('/> Or'/' N2O and 2-3% halothane), a caonub consisting 
of a needle (30 gauge) connected to a Hamilton-syringe (20 /J) 
with a polyethylene tube for injection was passed through the TMJ 
capsule into the TMJ on the left side and fixed in place. During 
EMG recordings (see below), the hatothane concentration was 
maintained at 0.5-0.8% so that noxious pressure applied to the 
hindpaw could induce only a slight reflex flexion of the hindlimb. 
Heart rate, expired percent COj, and body core temperature were 
continuously monitored and maintained at 330-430/min, 4-5%, 
and 37-37.5°C, respectively.

Bipolar recordings were made of the EMG activities of the left 
digastric and left and right masseter muscles, and EMG electrode 
locations were confirmed by postmortem dissection. The EMG 
activity of each muscle was amplified (gain: XI0,000-50,000; 
bandwidth 30-3,000 Hz)and displayed on oscilloscopes, and also 
was recorded online with a data acquisition and processing system 
(CEO 1401 Plus hardware and software "SpikeZ"; CED, Cam 
bridge; signal sampling rate was 2,000 Hz).

The 24 animal* were divided into four groups of six animals 
each in which EMG activities were first recorded for 20 min before 
any injection to establish a baseline level of EMG activity. Then, 
in the animals of group 1, mustard oil [20%aDylisothiocyanate (in 
20 id mineral OH) BDH, Poole] was injected into the TMJ region, 
followed 30 min later by the administration of the opiate antago 
nist naloxone (1.3 rag/kg iv, Narcan, Du Pont, Scarborough); 
after the naloxone administration, the EMG activity was continu 
ously observed for another 30 min. The animals of groups 2, 3, 
and 4 were tested with a protocol similar to that described above 
except that mineral oil (20/d) was used instead of mustard oil for 
group 2, and instead of naloxone the peripherally acting (CHuyomi 
etal. 1992; Ramabadran and Bansinath 1990; Stein 1993) opiate 
antagonist mcthylnaloxone (20 mg/kg; naloxone methiodide, 
RBI, Natickj for group 3, and the vehicle for naknone (I ml; a 
solution of 0.86% sodium chloride and 0.2% of mixture of methyl- 
paraben and propyhnraben in a 9:1 ratio) was used for group 4.

The recorded EMG data was processed online and analyzed as

1430 0022-3077/94 $3.00 Copyright C 1994 The American Physiolofkal Society
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• : 1. Muuanl oi Into TMJ; 2. fMoion* Lv. ; Gnu* 1
> : 1. Mfonl oi tntt TMJ; 1. rMnran I.V.; Group I
r: 1. Miutvd oi Into TMJ: 2. MothyMoiiiiM l.v.: Group 3

Tiirw (mini
no. 1. EMC activity changes induced by nloxonetfter the injection 

into the TMJ ictian of nuuUrd ofl( •, group I) or mineral oS (a, group 2 ), 
»nd EMG activity changes induced by methylniknoiie (». poop 3) after 
the TMJ injection of miuurd oil In this (sure, the EMG activity is shown 
n S-mia internls (eutpt fat the EMG activity immeduuiy ifter either 
the mineral oil or tnuaard oil injection, where it a ibown evoy minute for 
5 min). In some case, lymbob cover die SE ban. Compared with the 
budine EMG activity, the mustard oil injection evoked a ripiincun in- 
ocu oT EMG icrivityinill the jaw muscla of Iheuinub of groups! and 
3 (P < 0.05, Wilonon ten). */>< 0.05 and M F < 0.01 (Mann-WoitBcy 
lest) ux&au thai at the same time point after tie TMJ injection, the EMG 
amplitude! of the ininub of group 2 were afnificantly dinerml from 
those oflhe animals of group l ind J. *r < 0.05 and ••/»< 0.01 (Mann- 
Whitnejr ted) indicate th« it Ike same time point after the TMJ injection, 
the EMG implituda of the antmils of group I were significantly (rater 
than thOtt of the animab ofanouni 2 and 3. Ip., ipabteral; CX, eontnUt- 
eraL

previously described (HuetaL 1993: Yuetal. 1994). In brief, the 
are* under the rectified EMG curve (or every second as weU as for 
each 60-i period was measured, and aO data points were normal 
ized relative to the mean baseline level of EMG activity (tee 
above) in each animal and expressed as a percentage of the mean 
baseline level. AH values are presented as the means ± SE The 
Wilcoxon test and Mann-Whitney test were wed for statistical 
analysis. A probability level of <0.05 (two-tailed) was regarded as 
significant.

RESULTS
Effects of mineral oil and mustard oil injections on EMG 
activity of jaw muscles

For all animals in the four groups there was no significant 
variation in EMC activities of any jaw musde during the 
initial 20 min-period before any injections into the TMJ 
region (e.g.. Fig. 1). The injection of mineral oil did not 
evoke any gpiiBrant increases in EMG activity (P> O.OS,

Wilcoxon test) although a transient increase above the base 
line level of EMG activity occurred in the ipsUateral digas 
tric muscle of one animal and the masseter muscles of three 
animals. This transient increase in the EMG activity disap 
peared within 3 min. The mean peak amplitudes of the 
mineral oil-evoked EMG activity of the ipsUateral digastric 
and masseter and contralateral masseter were 95 ± 16,114 
± 18, and 117 ± 21%, respectively.

Compared with baseline EMG activity, the mustard oil 
injection evoked a significant increase of EMG activity in 
all the jaw muscles of the animals ofgroups 1,3, and 4 (/>< 
0.05, Wilcoxon test). The mustard oil-evoked EMG 
changes in these muscles were also significantly greater than 
the mineral oil-evoked EMG changes in the same muscles 
of the animals of group 2(P< 0.05, Mann-Whitney test, 
Fig. I). The mean peak amplitudes of the mustard oil- 
evoked EMG activity of the ipsilateral digastric and mas 
seter and contralateral masseter in the animals of group 1 
were 273 ± 56, 340 ± 49, and 177 ± 23%, respectively. 
These values were 339 ± 94, 280 ± 116, and 138 ± 25%, 
respectively, in the animals of group 3, and 525 ± 153,290 
± 46, and 133 ± 12%, respectively, in the animals of group 
4. There was no significant diflerence in the mustard oil- 
evoked EMG changes among groups 1,3, and 4 (P > 0.05, 
Mann-Whitney test, cf. Fig. 1). Consistent with our pre 
vious findings (Yu et al. 1994), the mustard oil-evoked 
increased EMG activity, which lasted up to 20 min, was 
reflected in two phases of enhanced activity in most (IS/ 
18) of the animals. The early increase of EMG activity oc- 
curred soon (4.3 ± 0.7 s) after the mustard oil injection and 
peaked within 1-2 min and then subsided. The later in 
crease of the EMG activity occurred at 12.4 ± 1.2 mm after 
the mustard oil injection and lasted 11.5 ± 1.4 min.

Effects ofnatoxone on EMG activity of jaw muscles
At 30 min after the mustard oil injection into the TMJ 

region, the EMG activity in each jaw muscle of animals in 
groups 1, 3, and 4 had returned to the baseline level, and 
there was no significant difference in the EMG activity of 
each jaw muscle between the animals receiving the mustard 
oil injection (groups 1,3, and 4) and the animals receiving 
the mineral oil injection (group 2). The administration of 
naloxone in the latter group did not produce any significant 
EMG increase above baseline (P > 0.05. Wilcoxon test) 
although the EMG increase was noted in the ipsilateral di 
gastric of three animals and masseter muscles of four ani 
mals. The administration of either methylnaloxone (group 
3) or the vehicle for naloxone; (group 4) also produced no 
significant EMG increase (P> 0.05, Wilcoxon test, Fjg. 1), 
although an EMG increase was noted id the ipsilateral di 
gastric of one animal and ipsilateral masseter muscles of
two animals of group 3, and in the ipsilateral digastric of 
three animals and ipsUateral masseter muscles of two ani 
mals of group 4. In contrast, the naloxone administration in 
the animals receiving mustard oil injected into the TMJ 
region (group 1) induced a significant recurrence of the 
increase in EMG activity (P < 0.05, Wilcoxon test) that 
lasted 10-20 min: at 5 to 10 min after the naloxone adminis 
tration, an EMG increase occurred in the ipsilateral digas 
tric and masseter of all six animals and in the contralateral



X.-M. YU, B. J. SHSSLE. H. VERNON. AND .1 W. HI!

masseter of four animals. The mean peak amplitudes of the 
increased BMC activity in the ipsilateral digastric and mas 
seter were 192 ± 46 and 27.1 ± 93%, respectively, and were 
significantly greater than those of the same muscle of the 
animals of groups 2, 3, and 4 (^ < C.05. Mann-Whitnev 
test. Fig. 1).

DISCUSSION

Naloxone is a well-documented nonsclcclive opiate an 
tagonist al fi, a. and fl opiate receptors and has been shown 
to antagonize modulatory elVects on trigeminql and spinal 
nociccplive neurons and associated reflexes (sec Besson 
and Chaouch 1987; Hu 1993; Ramabadran and Bansinaih 
1990; Sesslc 1987). The time course of the "rekindling" 
effect that we documented in this study with a single admin 
istration of naloxone is consistent with that of the effects of 
naloxone in antagonizing thvsc modulatory cBectsand neu- 
ronat and reflex responses to noxious stimuli (Ramabadran 
and Bansinath 1990; Scssle et al. 1981; Yu rt al. 1991). 
Administration of naloxone alone has been shown to en 
hance nociceptive motor reflexes induced by electrical stim 
ulation (e.g., Catley et al. 1983; Goldfarb and Hu 1976), 
but our present data that naloxone administration in ani- 
mais receiving the TMJ injection of mineral oil did not 
induce a recurrence of the increase in EMG activity indi 
cate that ihe EMG increase is dependent on the previous 
occurrence of mustard oil-induced effects. The findings 
suggest that an opioid mechanism is triggered by the mus 
tard oil and limits the EMG activity which can be "rekin 
dled" by naloxone.

Both centrally and peripherally aciing mechanisms of en 
dogenous opioids have been implicated in the modulation 
of nociceptive transmission associated with injury or in 
flammation of peripheral tissues (see Besson and Chaouch 
1987; Hargreaves and Joris 1993; Ramabadran and Ban 
sinaih 1990; Stein 1993). Methylnaloxone is considered to 
be a peripherally acting opiate antagonist (Oluyomi ci al. 
1992; Ramabadran and Bansinath 1990; Stein 1993). In 
the present study, the drug was administered at a dose that 
was double that which may- significantly enhance plasma 
extravasation induced by mustard oil injected into the TMJ 
region {Haas, unpublished data) and prevent the inhibitory 
effect of the peripherally acting opiate agonist melhylmor- 
phine on formalin-evoked nociceptive responses (Oluyomi 
et al. 1992). However, methylnaloxone did not induce any 
significant "rekindling" of jaw EMG activity. In contrast 
we have shown that naloxone at a dose which induces EMG 
"rekindling" does not enhance the mustard oil-induced 
plasma extravasation (Yuet a!. 1993). These findings sug 
gest that the "rekindling" of the EMG activity induced by 
naloxone may not be produced by an antagonism of the 
inhibitory eff«t of peripherally acting endogenous opioids 
on nociceptive inputs from deep tissues, but might rather 
reflect a central action.

It has been demonstrated that nociceptive inputs from 
deep tissues are controlled by inhibitory pathways in the 
CNS (Chiang ct al. 1994; Yu and Mease 1990), that the 
central inhibition may be enhanced during the develop 
ment of inflammationfSchaiblearidGrubb 1993)and that 
the central inhibitory pathways aciing on neurons receiving

deep nociceptive inputs likely use endogenous opioids 
(Besson and Chaouch 1987: Dubncr and Ruda 1992; Yu et 
al. 1991). Furthermore, central inhibitory'mechanisms act 
ing on cutaneous nociceptive processing and using endoge 
nous opioids can be initiated by nociceptive inputs (Besson 
and Cliaouch 1987). Although the present study appears to 
represent the first documentation of similar mechanisms 
operating on ihe processing of deep nociceptivc inputs, fur 
ther studies arc required to clarify the specificopioid mecha 
nisms underlying the "rekindling" effect that we have docu 
mented.
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INTRODUCTION

Sensitization of peripheral nociceptors is important in the increased pain 
sensitivity that develops in the skin immediately surrounding an injury site 
(so-called primary hyperalgesia, Meyer et al. 1985). However, recent studies 
also suggest that central as well as peripheral mechanisms are responsible for 
the hyperalgesia and allodynia that extends beyond the site of cutaneous in 
jury, termed secondary hyperalgesia (LaMotte et al. 1991; Willis 1992). It 
has been proposed that second-order nociceptive neurons in the spinal dorsal 
horn are the major sites for this central sensitization in the spinal somatosen- 
sory system (Neugebauer and Schaible 1990; Woolf 1992; Cervero et al. 
1993; Willis 1993). This central process can be produced by injury or inflam 
mation of deep or visceral tissues and is related to secondary hyperalgesia and 
manifestations of pain spread ano* referral associated with deep injury or 
inflammation (Woolf and Wall 1986; Cook et al. 1987; Hoheisel and Mense
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1989; Neugebauer and Schaible 1990). Inflammatory pain may be associated 
with central opioid changes (Lombard and Besson 1989; Dubner and Ruda 
1992), and the initiation and maintenance of the central sensitization process 
appears to involve N-methyl-D-aspartate (NMDA) receptor mechanisms 
(Dubner and Ruda 1992; Woolf and Thompson 1992). Recently, nitric oxide 
(NO) has been suggested as a second messenger for these NMDA receptor 
mechanisms (Metier and Gebhari 1993).

Our recent studies have sought to determine whether a similar process of 
central sensitization exists in the trigcminal (V) brainstem sensory nuclear 
complex and what neurochemical mechanisms may be involved in this pro 
cess. Our single-unit recording studies have focused on the V subnucleus 
caudalis because it has been particularly implicated in craniofacial deep pain 
mechanisms (Sessle and Hu 1991; Hu et al. 1992; Hu 1993; Sessle et al. 
1993a,b; Yu et al. 1993b). These studies have been supplemented by studies 
(Hu et al. 1993; Yu et al. 1993a,c) of possible neuromuscular changes that 
may accompany neuroplastic changes in the V brainstem complex. We have 
used mustard oil as a means to produce irritation and inflammation of deep 
tissues to study the central sensitization process in the V brainstem complex. 
Mustard oil is an excitant of small-fiber afferents (Reeh et al. 1986; Woolf 
and Wall 1986; Handwerker et al. 1991) and also acts as an inflammatory 
irritant (Jancso et al. 1977; Handwerker and Reeh 1991).

METHODS

Experimentation on all animals conformed to the regulations of the Cana 
dian Council on Animal Care and the Ontario Animals for Research Act and 
was approved by the University of Toronto Animal Care Committee. Single 
brainstem units were recorded in the V subnuclei caudalis (1-3 mm behind 
the obex) or oralis of anesthetized rats paralyzed with a muscle relaxant. 
Methods and procedures are outlined in detail in our published papers (Hu 
1990; Hu et al. 1992; Yu et al. 1993b). A wide range of mechanical, electri 
cal, and thermal stimuli was used to classify each neuron and delineate its 
mechanoreceptive field (RF) properties. Low-threshold mechanical stimuli in 
cluded a camel hair brush, and high-threshold mechanical stimuli were ap 
plied by watchmaker forceps (pinch). Noxious radiant heat (51-53°C) and 
bipolar electrical stimulation (2 ms, < 5 mA) were also used for assessment of 
cutaneous nociceptive properties. A deep RF was documented if no response 
could be evoked by this wide range of cutaneous stimuli and if a clear re 
sponse occurred from deep pressure applied by a blunt probe to muscle, bone, 
tendon, or joint. Furthermore, each neuron functionally classified as a nociceptive 
skin/mucosa and deep convergent neuron also was classified as either wide
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dynamic range (WDR) or nociceptive-specific (NS) on the basis of its cutane 
ous RF properties. In addition, we also tested the excitability of the neuron's 
responsiveness to electrical stimulation of A-fiber and C-fiber cutaneous af 
ferent inputs. Our aim was to determine whether there are differential 
neuroplastic effects of cutaneous and deep stimuli on the RF properties of 
these nociceptive brainstem neurons. Either mineral oil (vehicle for mustard 
oil) or mustard oil (aUyl-isothiocyanate, BDH, Poole) was injected into the 
deep masseter or tongue (5 mm behind the tongue tip, 3 mm lateral to the 
tongue midline, and 2 mm below the tongue surface) muscles. Alternatively, 
either mineral oil or mustard oil also was applied with a cotton swab to the 
skin 10 mm distal to the cutaneous RF border but overlapping the deep RF of 
the neuron.

We also conducted a series of electromyographic (EMG) studies in anes 
thetized, unparalyzed rats to determine if the EMG activity of the jaw and 
neck muscles can be influenced by mustard oil application to craniofacial 
tissues. Rats were lightly anesthetized with a mixture of one-third oxygen, 
two-thirds nitrous oxide, and 0.5-0.8% halothane to achieve a stable plane of 
anesthesia; noxious pressure applied to the hindpaw could induce a slight 
flexion reflex response of the hindlimb. EMG activity was recorded by bipo 
lar EMG electrodes (36-40 gauge, single-stranded, Teflon-coated stainless- 
steel wire; interpolar distance 0.5 cm; exposed tips 0.5 mm) inserted into the 
ipsilateral digastric and bilateral masseter muscles, and for some experiments, 
also into the ipsilateral trapezius and bilateral deep neck muscles. Mustard oil 
(or vehicle) was injected into neck, temporomandibular (TM) joint, or dental 
tissues. For the neck injection, mustard oil (20%, 20 ul in mineral oil) or 
mineral oil (20 ul) was injected by a needle into deep paraspinal muscles (Hu 
et al. 1993). For the TM injection, a preimplanted two-needle assembly with 
either mustard oil (20%, 20 ul in mineral oil) or mineral oil was placed into 
the TM region before the EMG recording and injected according to a prede 
termined schedule (Yu et al. 1992). For the dental injection, mustard oil 
(98%, 0.25 pi) or mineral oil was applied to a cavity preparation made in the 
maxillary first molar tooth (Sunakawa et al. 1993a,b).

Inflammation was assessed by the plasma extravasation of Evans' Blue 
(EB) dye bound to plasma protein (Haas et al. 1992); the EB dye concentra 
tion was assessed spectrophotometrically. We also conducted histologic ex 
amination and morphometric assessment of the injected tissues to reveal other 
indicators of inflammation (e.g., congestion and invasion of polymorphonuclear 
leukocytes; Haas et al. 1992).

The EMG activity of each muscle was amplified (gain: 1000-5000X; 
bandwidth 30-3000 Hz) and displayed on oscilloscopes, and also recorded on 
a FM tape recorder, for one minute every 3-5 minutes before the vehicle
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injection. Immediately after either the vehicle or mustard oil injection, the 
EMG activity was continuously recorded for 3-5 minutes and thereafter for 
one minute every 3-5 minutes. The EMG data recorded into the computer was 
processed off-line with the program Spike2 (CED, Cambridge). The recorded 
EMG signals were rectified and integrated every second and every 60 seconds 
to measure the duration of any EMG response induced by mustard oil or 
vehicle. The integrated EMG area for each 60-second period was used to 
express EMG activity. The insertion of the injection needle into the deep 
tissues could itself sometimes induce a small and transient (5-10 second) 
increase in EMG activity, so we did not begin the injection of the mineral oil 
or mustard oil until the EMG activity had returned to preinsertion levels. The 
data analysis did not include the integrated EMG activity associated with any 
such transient response evoked by insertion of the injection needle.

Before vehicle injection, none of the muscles revealed any variation in 
EMG activity greater than two standard deviations above the mean EMG 
amplitude level, so we pooled all preinjection data points for each muscle in 
each animal to produce a mean value that represented the preinjection level of 
EMG activity for the muscle in each animal. All postinjection data points 
were normalized relative to this mean value and expressed as a percentage 
value of the mean preinjection level of EMG activity. Changes in EMG activ 
ity after the injection of either mineral oil or mustard oil were regarded as an 
increase if one or more EMG data points rose two standard deviations above 
this mean baseline level.

We also initiated preliminary experiments to test the possible involvement 
of excitatory amino acid receptor processes in these mustard oil-induced EMG 
changes: an NMDA noncompetitive inhibitor (MK-801, at a dose of 0.5 mg/ 
kg) and a NO synthase inhibitor (Nu>-nitro-L-arginine-methyl-ester [L-NAME], 
at doses of 10, 30, and 100 mg/kg) were systemically injected 5-10 minutes 
before mustard oil application. In addition, to test if endogenous opioid recep 
tor mechanisms also might be involved, we administered the opioid antagonist 
naloxone (1.2-1.3 mg/kg, iv.) 30 minutes after mustard oil application.

RESULTS AND DISCUSSION

CHANGES IN NOCICEPTIVE NEURONS
The injection of mustard oil into the deep masseter muscle enhanced the 

C-fiber evoked responses of 17 of 39 (44%) nociceptive neurons tested in the 
rat's subnuclei caudalis and oralis to electrical stimuli applied to their cutane-
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ous RF (Hu et ai. 1992). C-fiber strength electrical stimulation of hypoglossal 
muscle afferents for about one minute also markedly enhanced the excitability 
of WDR and NS neurons tested in the subnucleus caudalis (Sessle et al. 
1993a). These changes were reversible and were associated with an expan 
sion of the cutaneous RF of the nociceptive neurons, a reduction in their 
mechanical threshold for activation, and an increase in spontaneous firing. 
The neuronal changes appeared within 2-5 minutes of the mustard oil injection 
and lasted for 20-30 minutes; sometimes two phases of mustard oil-induced 
increased excitability were noted. As we have discussed (Hu et al. 1992; Sessle 
and Hu 1991; Sessle et al. 1993a), these effects of deep afferent inputs on the 
cutaneous RF properties of the V nociceptive neurons may relate to neural 
processes underlying the spread and referral of pain, particularly to cutaneous 
facial sites. These mechanisms may also contribute to the tenderness and 
hyperalgesia of superficial tissues that are characteristic of many cases in 
volving injury to deep craniofacial tissues.

The deep application of mustard oil could produce even greater enhance 
ment of the deep RF of caudalis nociceptive neurons. A total of 31 caudalis 
neurons were functionally identified as WDR or NS neurons receiving con 
vergent cutaneous and deep afferent inputs. We tested the effects of mustard 
oil applied to either tongue muscle or facial skin on their cutaneous and deep 
RFs (Yu et al. 1993b) and found that the expression of neuroplasticiry de-. 
pended on the site of application of this irritant. Mustard oil injected into the 
tongue muscle produced a statistically significant and reversible expansion of 
both the cutaneous and deep RFs (17 of 23 neurons tested). In contrast, 
application of mustard oil to facial skin resulted in a significant and reversible 
expansion of the cutaneous RF (7 out of 8 neurons tested), but no deep RF 
expansion occurred in the 8 neurons tested.

These differential effects of deep and cutaneous afferent inputs may relate 
to differences in the central sensitization effects between the two types of 
inputs. While there are differences in neuropeptide content between cutaneous 
and muscle C-fiber afferents (McMahon et al. 1984), the consequence of 
these differences on the excitability of central neurons is still unclear. Woolf 
and Wall (1986), however, have reported that deep (muscle) noxious stimula 
tion at C-fiber strength in spinalized rats produces greater facilitatory effects 
on the flexion reflex than does cutaneous noxious stimulation at C-fiber strength. 
Thus, the central effects of activating C-fibers from deep tissue appear to be 
different from cutaneous C-fiber activation. The time course of the central 
neuronal changes is much longer than the 3-4 minutes "of mustard oil-induced 
excitation reported with cutaneous primary afferents (Handwerker et al. 1991), 
thus supporting the view that a central sensitization process contributes to the 
neuronal changes.
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CHANGES IN EMG ACTIVITY

We first conducted a neck EMG study (Hu et al. 1993) to determine if the 
EMG activity of the jaw and neck muscles could be influenced by the injec 
tion of mustard oil into deep paraspinal tissues surrounding the Cl to C3 
vertebrae. Vehicle injection (mineral oil, n = 4 rats) did not produce any 
significant change in EMG activity. In contrast, mustard oil injection (n = 13 
rats) induced a statistically significant and reversible increase in EMG activ 
ity of the bilateral neck and ipsilateral jaw muscles that was most prominent 
in the ipsilateral deep neck muscles (Fig. 1A). The increased EMG response 
evoked by mustard oil was frequently reflected in two phases of enhanced 
activity. The early phase was initiated immediately (< 20 seconds) following 
the mustard oil injection and lasted 3 minutes; the second phase occurred 10 
to 15 minutes later and lasted 10-15 minutes. The time course of these EMG 
changes is thus comparable to that (see above) induced by mustard oil in 
caudalis or oralis neurons (Hu et al. 1992; Yu et al. 1993b), many of which 
serve as reflex intemeurons in jaw and neck motor pathways (Dubner et al. 
1978; Sessle and Hu 1991). These findings support the view that the EMG 
changes are associated with a central sensitization process.

The injection of mustard oil (but not the vehicle, mineral oil) induced an 
inflammatory reaction in the tissues between the fibers of the rectus capitis 
posterior muscle that was characterized by congestion and invasion of poly- 
morphonuclear leukocytes (Hu et al. 1993). Plasma extravasation as reflected 
in increased EB dye content of the tissues also occurred.

We also studied a TM inflammatory model by injecting mustard oil into 
the periarticular TM tissues of anesthetized rats (Haas et al. 1992; Yu et al. 
1992,1993a). Inflammation was assessed by the plasma extravasation of EB dye, 
and a spectrophotometric analysis revealed a significantly greater (P < 0.001) dye 
concentration in the injected tissues compared to the contralateral untreated 
side. A morphometric analysis also revealed a significant increase (/* < 0.001) 
in polymorphonuclear leucocyte infiltration compared to the contralateral side 
(Haas et al. 1992; Yu et al. 1993a). A time-course study of the effect of 
mustard oil on EB dye extravasation revealed a gradually increasing 
extravasation of EB dye that was maximal at two hours after administration 
of mustard oil. In eight anesthetized rats studied to date (Yu et al. 1992), 
EMG activity was significantly increased above baseline levels in both ipsi 
lateral digastric and masseter muscles after mustard oil injection into the TM 
region but not after vehicle injection (Fig. IB). Mustard oil injection into the 
TM region provoked a strong early phase of EMG increase that gradually 
subsided. These effects lasted for several minutes, in contrast to the more
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Fig. 1. Changes in EMG activity induced by application of mineral oil or mustard oil to: A: 
the deep paraspinal tissues surrounding the Cl-3 vertebrae (mineral oil, n = 4 rats; 
mustard oil, n = 13 rats); B: the temporamandibular (TM) region (mineral oil, n = 6 rats; 
mustard oil. n = 8 rats); and C: the maxillary first molar (mineral oil, n = 6 rats; mustard 
oil, n = 8 rats). The mean (± SD) data shown are normalized values relative to the mean 
value of the preinjection level of EMG activity (= 100%) in each rat. Changes in EMG 
activity of rats receiving mustard oil or mineral oil are indicated by filled or unfilled 
circles, respectively. * P < 0.05 and ** P < 0.01 (Wilcoxon test) indicate significant 
difference between preinjection and postinjection levels of EMG activity. Only one promi 
nent EMG increase induced by mustard oil injected into each tissue has been illustrated. 
Mineral oil applied to deep paraspinal tissues of the neck, the TM joint region, or the tooth 
did not induce any significant EMG increase. In contrast, mustard oil induced significant 
increases in EMG activity of the neck muscles (bilateral deep neck muscles, ipsilateral 
trapezius) or jaw muscles (ipsilateral digastric and masseter muscles). The opiate antago 
nist naloxone (1.2-1.3 rag/kg, iv.) was injected in animals receiving mustard oil or mineral 
oil application to TM region or tooth. When it was administered after the disappearance of 
the mustard oil-induced EMG response, another significant increase in EMG activity 
occurred and lasted for 10 minutes. In contrast, administration of naloxone in rats receiving 
mineral oil did not produce any significant increase in EMG activity (B and C).
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transient EMC effects observed in cats when other algesic compounds such as 
bradykinin and histamine are applied to TM tissues (Broton and Sessle 1988). 
The findings suggest that increased EMG activity of jaw muscles may be 
associated with TM inflammatory conditions and involve a central sensitiza- 
tion process. Moreover, local anesthetic (lidocaine, 1.4 mg/kg) injected into 
the TM region before the mustard oil injection blocked the EMG activity (but 
not plasma extravasation) (Yu et al. 1993a). Mustard oil is a small-fiber 
excitant (see above), so this finding points to the necessity of small-fiber 
afferent activation in reflexively inducing the central sensitization process 
after deep injury.

Additional preliminary data also showed that the enhanced EMG activity 
induced by mustard oil could be blocked by the systemic administration of 
either the noncompetitive NMDA receptor antagonist, MK-801 (0.5 mg/kg, 
iv., n = 16 rats), or the NO synthase inhibitor, (L-NAME, 30 and 100 mg/kg 
but not 10 mg/kg and vehicle injection, iv., n = 24 rats). We have also 
recently found that MK-801 (0.1 mg/kg, n=5; 0.01 mg/kg, n=5) injected into 
the third ventricle can also block the evoked EMG activity. These findings 
suggest that NO and NMDA receptor mechanisms may be involved in the 
central V neuroplastic changes that we have documented and are consistent 
with other studies (Dubner and Ruda 1992; Woolf and Thompson 1992; Meller 
and Gebhart 1993) pointing to their involvement in central sensitization.

The involvement of opioids in the modulation of pain is well known 
(Basbaum and Fields 1984; Hammond 1986; Sessle 1987; Dubner and Ruda 
1992). Lombard and Besson (1989) tested opioid involvement in inflamma 
tory-related pain and showed that the opioid antagonist naloxone (1 mg/kg, 
iv.) could induce a significant increase in the spontaneous firing as well as 
enhancement of C-fiber-related responses of dorsal horn nociceptive neurons 
in polyarthritic rats. We tested the possible involvement of endogenous opioid 
mechanisms in the increased EMG activities induced by the TM injection of 
mustard oil by administering naloxone (1.3 mg/kg, iv.) 30 minutes after the 
mustard oil injection to see if it "rekindled" the EMG activity that had re 
turned to baseline levels by this time (Fig. IB). The resulting increase of 
EMG activity suggests that naloxone may have counteracted an opioid sup- 
pressive mechanism triggered by the mustard oil-induced inflammatory pro 
cess or deep afferent input activation. However, naloxone (1.3 mg/kg, iv.), 
injected 5 minutes before the application of mustard oil did cause significant 
enhancement of EMG activity induced by the mustard oil injection but had no 
effect on the extravasation, and did not cause any EMG changes when it was 
applied either before or after mineral oil injection into the TM region (Yu et 
al. 1993a).
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Another model of the central sensitization process has recently been tested 
by applying mustard oil directly into the tooth (Sunakawaet al. 1993a,b). The 
rationale for these experiments is based on the notion that some types of 
toothache may be associated with activation of pulpal C-fiber afferents, and 
the possibility that this pain also may reflect a central sensitization process in 
tooth pulp-related V brainstem sensory and motor neuronal pathways. Mus 
tard oil (n = 8 rats) applied to the first maxillary molar (Sunakawa et al. 
1993a,b) evoked a significant increase in EMG activity, often with early and 
late phases, in the ipsilateral masseter muscle (Fig. 1C). No significant EMG 
changes occurred following mineral oil application to the tooth (n = 6), or in 
pulpectomized rats following mustard oil application to the tooth (n = 4). In 
accordance with our findings outlined above, naloxone (1.2 mg/kg, iv., 30 
minutes after mustard oil application to the tooth) also could induce a late 
enhancement of EMG activity (Fig. 1C).

CONCLUSION

This chapter provides documentation that stimulation of different cranio 
facial sites as well as cervical paraspinal tissues by an inflammatory irritant 
results in an inflammatory response in these tissues and in a sustained and 
reversible activation of jaw or neck muscles. The enhanced EMG activity 
evoked from the various tissues injected with mustard oil and its abolition by 
local anesthesia of the injected tissues demonstrate that these enhanced EMG 
effects can be attributed to reflex responses involving segmental as well as 
suprasegmental pathways, as opposed to direct effects on muscles by the 
peripheral spread of mustard oil. In neck injection experiments, activation of 
neck muscles was more prominent following the mustard oil injection, whereas 
activation of jaw muscles was more prominent following the mustard oil 
injection into TM or dental tissues. These results suggest a segmental or 
somatotopic organization of EMG responses in the head and neck region. The 
latency and time course of the mustard oil-induced increases in EMG activity 
are also comparable to the temporal features of the mustard oil-induced in 
creased excitability of sensory neurons in the V spinal tract nucleus, which 
are the sites of reflex intemeurons involved in craniofacial and cervical reflex 
pathways as well as projection neurons contributing to ascending somatosen- 
sory pathways (Dubner et al. 1978; Rossignol et al. 1988; Olsson and Westberg 
1989). However, the time courses of both the increased EMG activity and the 
neuronal hyperexcitability induced by mustard oil (Hu et al. 1992; Yu et al. 
1992, 1993a,c) are different from the temporal features of the inflammation 
process, which may last more than two hours after the application of mustard
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oil (Reeh et al. 1986; Haas et al. 1992). One factor limiting the duration of 
the V neuronaJ and EMG changes may be opioid depressive mechanisms 
induced by the mustard oil-evoked afferent input. Our data of "rekindling" of 
EMG activity by the opiate antagonist naloxone demonstrate the involvement 
of opioid mechanisms in the neuroplastic changes associated with deep tissue 
injury. Our preliminary EMG data also have raised the possibility that NMDA 
receptor and NO mechanisms may be involved in the mustard oil-induced 
changes. These EMG findings are supported by preliminary data obtained 
from caudalis nociceptive neurons where three of five skin and deep conver 
gent nociceptive caudalis neurons demonstrated a second (i.e., "rekindling") 
RF expansion following naloxone administration after the initial mustard 
oil-induced RF expansion had subsided.

In addition to their significance in revealing V central sensitization and 
possible neurochemical mechanisms involved in the neuroplastic changes, these 
findings also have clinical significance. They provide insights into how in 
creased cutaneous sensitivity, spread and referral of pain, and associated neu- 
romuscular changes may occur after craniofacial injury or inflammation. The 
findings also point out the need for therapeutic approaches to reduce nocicep 
tive inputs to the CNS (e.g., with local anesthesia) or their effects (e.g., with 
opiate drugs) that can potentially prolong posttraumatic craniofacial pain by 
the central neuroplastic changes that they may induce (e.g., Dubner 1991; 
Woolf 1992; Mense 1993).
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Spinal manipulation and headaches: 
An update

The role of the cervical spine and of spinal manipulation in headache remain unresolved. This article 
wifl review the existing literature in three important areas which relate to these controversies, namely: 
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Algorithms appear in Appendix C.

THE ROLE of the cervical spine in headache continues to 
be an unresolved controversy. In 19S8, a spectrum of 

headache subtypes that might have some kind of cervicogenic 
involvement was defined1 (Fig I). The spectrum ranged from 
"tension headache with neck muscle pain" through 
"cervicogenic headache" (defined in chiropractic terms as 
symptomatic head pain and cephalic dysfunction caused by 
spinal joint dysfunction), to a proposed "'vertebrogenic 
migraine." Coincidentally, in 1988 the International 
Headache Society (IHS)2 published its classification of 
headaches and for the first time recognized a headache 
subtype known as "cervicogenic headache" (CH). The 
definition of CH according to the IHS classification is shown 
in Table 1. This headache owes much of its definition to the 
work of Sjaastad and colleagues,3"5' which first appeared in 
print in 1983.

In a subsequent publication,7 this narrow definition of CH 
was challenged and contrasted with the characteristic head 
ache subtypes that chiropractic, manual medicine, osteo- 
pathic, and physiotherapeutic experts had addressed in the 
literature spanning the greater part of this century. This also 
contrasted the IHS version of CH with the headache subtypes 
thathad been included in the clinical studies of the outcome of 
spinal manipulation—again, by the same practitioners. In 
these studies of both tension and migraine headaches (defi 
nitely different from the narrow IHS features of the CH 
category), the results of manipulation for (presumably) some 
cervical spine dysfunction ranged from fair to excellent.
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Fig 1. Types of headache with involvement of the cervical spine. Reprinted with petmissioa from Vernon HT. Vertebrogenic headache. In: 
Vemon HT, ed. Upper Cervical Syndrome: Chiropractic Diagnosis and Management. Baltimore, Md: Williams & \Vilkins: 1988.

This leaves a quandary, necessitating answers to the fol 
lowing questions:

• Is there a putative cervical component in tension and 
migraine headaches'?

• Is it similar to or different from the dysfunction in CH?
• Do the results of manipulation studies automatically 

imply the existence of an etiologic cervical component to 
these forms of benign headaches?

Alternately, is there one kind of cervical component that 
might contribute to. or manifest as, different forms of head 
ache experiences and thus be diagnostically labeled as differ 
ent forms of headache categories? This article will explore this 
quandary, with a clear bias toward accepting this alternate 
hypothesis. This will be done by first briefly reviewing the 
results of clinical studies of spinal manipulation for head 
aches. Then the current research on pain mechanisms in CH 
will be reviewed. Finally, the literature on findings of 
cervicogenic dysfunction in headaches groups that are clearly 
not IHS-CH will be reviewed, and the argument for the 
alternative hypothesis will be summarized—that is. that 
.;iblti\-3iion/dysfunc::or. of the spine makes a significant

contribution to the etiology of a number of benign forms of 
headache.

HEADACHE AND SPINAL MANIPULATION

In 1991 areviewanicleofallstudiesofmanipulaiionforthe 
treatment of headaches summarized work up to 1988.' This 
work is outlined in Tables 2 and 3. Since 1988, five treatment 
studies employing manipulation have appeared in the scien 
tific literature. In 1989 Stodolny and Chmielewski8 reported 
on 31 subjects (24 females, 7 males; average age, 48 years) 
with ''cervical migraine." They employed tests for inter- 
segmental blockage and found that 100% of subjects demon 
strated spinal motion segment blockage at CO-1,75% at C7- 
Tl. and 25% between. C1-2 and C-3 fsee "Cervicogenic 
Dysfunction"). The treatments consisted of two to three 
manual therapy sessions, largely employing manipulative 
techniques. Reported results at the end of 7 days included

• complete relief of headache in 75% of subjects,
• an average increase of cervical range of motion of 9 

degrees (statistically significant),
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Table 1. Diagnostic criteria for CH

1. Pain localized to neck and suboccipital region. May
project to forehead, orbital region, temples, vertex, or ears.

2. Pain is precipitated or aggravated by special neck move 
ments or sustained neck postures,

3. At least one of the following is present:
a. Resistance or limitation of passive neck movements, 
b. Changes in neck muscle contour, texture, tone, or

response to passive stretching or contraction. 
c. Abnormal tenderness of neck muscles.

4. Radiologic examination reveals at least one of the 
following:
a. Movement abnormalities in flexion-extension, 
b. Abnormal posture, 
c. Fractures, congenital abnormalities, bone tumors,

rheumatoid arthritis, or other distinct pathology (not
spondylosis or osteochondrosis).

Source: International Headache Society. Classification and diagnos 
tic criteria for headache disorders, cranial neuralgias and facial pain. 
Cephalalgia. 1988;&suppl 7).

• reduced fixations in 28 of 31 subjects, and
• greatly reduced reports of dizziness in subjects. 
There was no further follow-up reported. No control com 

parison or blinding of the assessors was included in the

protocol, so these results must be interpreted cautiously, all 
the more so because of the short treatment period.

In 1990Jensen et al9 reported on 19 subjects with posttrau- 
matic headache. Seven males and 12 females with an average 
age of 31 years and an average duration of complaint of 12 
months were randomly allocated to either manual therapy 
(n = 10) or ice packs (n = 9). In the manual therapy group, two 
treatments were rendered within 1 week; these consisted of 
mobilization and manipulation to the upper and lower cervical 
spine and the upper thoracic spine. In the control group, two 
sessions of ice treatment to the neck were rendered, lasting 15 
to 20 minutes each.

The outcomes measured were pain score, regional range of 
motion, segmental range of motion, and the presence of 
accompanying symptoms (dizziness, visual disturbances, ear 
pain).

The first outcome interval was 2 weeks after treatment. At 
this point there was a 57% reduction in pain intensity measure 
ments and a 64% reduction in analgesic use in the manual 
therapy group as compared with controls. This was statisti 
cally significant. At 5 weeks there was also a difference 
favoring the manual therapy group, but this difference did not 
reach statistical significance.

There was a significant positive correlation between pain 
index and (1) the frequency of visual disturbances (r = .65; P

Table 2. Studies of manipulation for tension headaches

Study

Lewit(1971)w
Lewit(1971)
Vernon(1982)63

Jirout(1985)<">
DrozandCrot>.1985.°r
Turk and Ratkolb 1987)M
Jensen et aid 991 "

Treaters

A
A
B

A
B
A
A

Design

CS
cs
CS

cs
cs
COM
RCT

No. 
studied

41
93
33

200
332
100

19

Headache 
type

TT
TT
TT

TT
Occ
TT
PT

Results

Manipulation most effective
Manipulation most effective
85%-90% success; pre-post

differences statistically
significant

80% success
80% success
75% success
Significant difference, manipula

tion vs ice
\Vhittingham et al 

(1994)"

Mootz et al (199- -

Boline etal 11995 B

COH

COH

RCT

26

11

152

TT

TT

60%-77% headache reduction;
pre-post differences statistically
significant 

Statistically significant reduction
of headache frequency and
duration after chiropractic care 

Manipulation > drug at follow-up

A. Medical dectc-- 5 chiropractor; CS, case series; COH cohort; RCT. randomized contrcvied trial; TT, tension tspe; PT, posttraumatic; Occ, 
occipital Source: \ f—on HT. Spinal manipulation and headaches of cer\ ical origin: a re\ iev\ of literature and presentation of cases. I Manipulative 

~
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Table 3. Studies of manipulation for migraine headaches

Study

Wight (1987)" 
Parker et al

(1 980, 1 987)70

Treaters

B

A&B

Design

CS

RCT

No.
studied

57

85

Headache
type

MIC

MIC

Results

75% success

Manipulation = 28% success; 2-

Stodolny and 
Chmielewski (19891s COH 31 MIC

yr follow-up = 47% success

75% success

A, Medical doctor; B, chiropractor; CS, case series; COH, cohort; RCT, randomized controlled trial; MIC, migraine; Source: Vernon HT. Spinal 
manipulation and headaches of cervical origin: a review of literature and presentation of cases. J Manipulative Med. 1991:6:73-79.

< .02) and (2) all three associated symptoms (including 
dizziness) together (r = .70; P < .01).

Although this study employed a small sample size in an 
unblinded trial, there was a clear difference favoring manual 
therapy in reducing headache pain and associated symptoms. 
This is even more remarkable given that only a short-course 
and short "dosage" of manual therapy were provided.

In 1995 Boline et al :o reported on their randomized com 
parative trial of chiropractic manipulation and the antidepres- 
sant drug amitriptyline in the treatment of "muscle contraction 
headache." This trial included 126 subjects with an average 
headache duration of 6 years. After the 6-week treatment 
phase, subjects in both treatment groups demonstrated clini 
cally and statistically significant reductions in headache activ 
ity. Neither group had statistically greater reductions than the 
other. However, at the end of a 6-week no-treatment follow- 
up phase, subjects treated with chiropractic manipulation had 
significantly less headache activity than those receiving drug 
therapy, possibly indicating that the benefit obtained by 
chiropractic manipulation was more durable and may have 
corrected some of the underlying causative (but still poorly 
understood) mechanisms for the kind of headaches suffered 
by these subjects.

In 1994 Whittingham et al" reported on 26 subjects (16 
females. 10 males) with chronic headache and upper cervical 
dysfunction. A self-controlled time series design was em 
ployed to study the effect of four manipulative sessions of a 
toggle recoil technique during a 2-week treatment period. 
After 2 weeks, they reported a 62% reduction in frequency, a 
lT7f reduction in duration, and a 60% reduction in severity of 
headaches. These results are consistent with those of other 
noncontrolled trials."

This study is of particular interest to chiropractors because
of the use of a specific manipulative technique directed toward
the upper cervical spine. That this extent of improvement
• 60r? to ~T7c reduction ia headache activity; was achieved in

M> four treatments ir.ay indicate a particular effectiveness

for this manipulative approach. Of course, controlled trials are 
needed to confirm this speculation.

In 1994 Mootz et al !- reported on 11 males ranging in age 
from 18 to 40 years. These subjects suffered from "mild to 
severe head and/or neck pain," with at least four episodes per 
month (ie, chronic episodic tension headache). The study 
design was a prospective case series with a 2-week nontreatment 
baseline and an 8-week treatment period of 16 interventions. 
The treatment protocol consisted of spinal manipulation to the 
cervical spine supplemented by myofascial trigger point 
therapy and moist hot packs.

Mootz et al reported statistically significant reductions in 
headache frequency (from 6.4 per 2 weeks to 3.1 per 2 weeks) 
and duration (from 6.7 h to 3.9 h). A strong trend toward a 
reduction in headache pain severity (5.05 to 3.37 out of 10) 
was also noted.

When these data are combined with those of the previous 
studies, it can be concluded that spinal manipulation appears to 
provide clinically significant levels of relief for benign types of 
headache in patients who receive the treatment. Unfortunately, 
the dearth of controlled studies prohibits any firm conclusions 
regarding the efficacy of treatment. In addition, it is virtually 
impossible to assert the conclusion that relief of headache by 
manipulation proves the hypothesis that spinal dysfunction 
(presumably the target of the manipulative treatment) causes or 
is associated with these forms of headache. Although correction 
of the causative agent is one acceptable hypothesis to explain 
these results, other equally plausible explanations exist, includ 
ing the strong placebo effect that is typically generated in 
headache patients, the natural history effect, and selection bias. 
Once again, controlled studies are required for theoretical and 
pathophysiologic conclusions to be drawn.

MECHANISMS OF PAIN IN CERVICOGENIC 
HEADACHE

In 1988 Vernon presented a vertebrogenic model of head 
ache 1 that contained four categories:
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1. Extrasegmental: Referring to the long regional myo- 
fascial structures such as the trapezius and long extensor 
muscles, the ligamentum nuchae, and the interface 
between the occipitofrontalis muscle and these regional 
cervicothoracic structures.

2. Intersegmenial: Referring to the three joint complexes 
of C2-3-4 and the articulations of CO-1-2, with their 
ligaments and deep intersegmental muscles.

3. Infrasegmental: Referring to the nerve structures in and 
around the intervertebral foraminae and in the cervical 
spine near the lateral portions of the vertebrae (ie, the 
sympathetic trunk; the vertebral nerve; the C-2 dorsal 
root ganglion; the greater, lesser, and third occipital 
nerves; and the sensory roots of C-l).

4. Intrasegmental: Referring to the spinal cord and med 
ullary dorsal horn with the nucleus subcaudalis of the 
trigeminal nerve.

Much has been learned about these mechanisms since 
1988, centering on the pain pathways of the upper cervical 
cord and their convergence on cells in the nucleus subcaudalis, 
a mechanism Bogduk13 calls the "trigemino-cervical nucleus" 
(Fig 2).

Substantia
gelatinosa&

trigeminal
nucleus
overlap

_,.„. Toshoulder
""' - (referred pain)

Fia 2. The trigemiiKvervical nucleus. Adapted with permission 
from Hooshmand H. Petralia P. Chronic Pain: Reflex Sympathetic 
D\f:roph\—Prtv*r.:;.?n A Management. Boca Raton. FL: CRC 
Pre>>: 1993. ©coryrkhi 1993 CRC Press. Inc., Boca Raton. Florida.

Sessle and colleagues 14"21 have extensively investigated these 
cephalic and craniofacial pain pathways, particularly with re 
gard to the effect of deep tissue (joint, muscle, and visceral) 
nociception on trigeminal sensorimotor mechanisms. Their 
work extends previous investigations of spinal nociceptive 
mechanisms2"3 and provides a replication of many similar 
mechanisms underlying pain transmission in the spinal cord 
itself. Specifically, they have identified pain-transmitting neu 
rons in laminae I, H, V, and VI of the dorsal medullary horn and 
have classified these cells according to their response properties 
as (1) low-threshold mechanoreceptors (LTM) (non-noxious);
(2) nociceptor-specific (NS) receptors; and (3) wide dynamic 
range (WDR) receptors, which respond to both noxious and non- 
noxious stimuli. Furthermore, they have identified the receptive 
fields of these centra] neurons as skin only (S), (68%); deep 
inputs only (S-D) (14%); and combined skin and deep (S/D) 
(18%). The range of tissues providing afferent input into neurons 
in the last two categories is remarkably extensive and includes 
orofacial skin, tooth pulp, temporomandibular joint (TMJ) tis 
sues, tongue, masticatory muscles, hypoglossal nerve fibers, 
and, finally and most importantly for this discussion, deep 
cervical paraspinal tissues via the C-2 somatic nerve.

Under normal, nonpainful conditions, these deep afferent 
inputs are ineffective in stimulating transmission in these 
second-order neurons. As such, although multidimensional 
convergence of many of these neurons (superficial vs deep, 
skin/somatic/viscera) exists, the normal ""bias" in the system 
is toward interpreting input as arising from the predominant 
cutaneous sources (which in this case are largely in the cranio- 
fronto-orbital and facial locations). Put in more sophisticated 
terms, the central nervous system (CNS) interprets the recep 
tive fields of these neurons in terms of their cutaneous inputs.

Under pathophysiologic conditions (both experimental and 
clinical), this system changes dramatically. Sessle and col 
leagues14"21 have investigated alterations in trigeminocervical 
pain mechanisms under conditions of experimentally pro 
duced pain and inflammation. The sites of these experimental 
inflammatory lesions have predominantly been in deep cran 
iofacial tissues and include the following: tongue muscle, 
masticatory muscles. TMJ ligaments, and. most important for 
this discussion, deep upper cervical paraspinal tissues. Two 
experimental models have been employed. The first involves 
electrophysiologic recordings of single dorsal horn or nucleus 
subcaudalis neurons in response to peripheral analgesic/in 
flammatory agents. In this model investigators study the 
altered response characteristics of these neurons, which in 
clude such phenomena as (1) changes in the cutaneous recep 
tive field of the neuron. (2) changes in the deep receptive field,
(3) persistent discharges from the cell, and (4) lowered thresh 
old of excitation of the cell (including the phenomenon known 
as "wind-up"). :"
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The second model involves electromyographic (EMG) 
recordings of the muscles related to the craniocervical region. 
In this model investigators study the motor response to in 
flammatory nociception, thus elucidating the reflex sensorimo- 
tor responses to deep pain inputs.

Sessle and his colleagues 14"21 have explored these nocicep- 
tive effects using electrical stimulation of the hypoglossal and 
C-2 nerves, as well as chemical/inflammatory stimulation, 
particularly with the C fiber irritant, mustard oil.23 Put simply, 
an inflammatory focus is created in, for example, the tongue, 
the TMJ, or the deep cervical paraspinal muscles, and the 
response of the spinal cord/V nucleus subcaudalis neurons is 
explored by using one of the two models just described.

The findings of these studies are partially summarized as 
follows:

• When mustard oil is injectedinto both the tongue and the 
TMJ, there is a statistically significant expansion of both 
the deep and cutaneous receptive fields (RFs) of the 
neurons receiving both skin and deep inputs. The expan 
sion of the deep RFs is significantly greater than that of 
the cutaneous RFs.

• The threshold of excitation of many of these neurons 
becomes lowered during the phase of RF expansion.23

• EMG activity of neck and jaw muscles becomes signifi 
cantly increased, not only immediately after the induc 
tion of the inflammatory lesion (in both the deep paraspinal 
muscles and the TMJ), but also in a second phase of 
excitation that begins some 10 minutes afterward and can 
last for up to 20 minutes afterward (Fig 3).

• A differential pattern of EMG activation appears to occur 
with mustard oil injection into the TMJ. as compared 
with the deep paraspinal muscles around Cl-3. In the 
former case, only jaw muscles, and not neck muscles, 
demonstrated significantly early and/or late EMG activa 
tion. In the case of injection into the deep upper cervical 
muscles, EMG acri varion occurred in both superficial (ie, 
trapezius) and deep muscles in the region, as well as in 
jaw muscles (albeit of considerably less magnitude and 
duration) (Fig 4\

• The EMG increase in jaw muscles induced by injections 
into the TMJ can be blocked by both peripheral injection 
of lidocaine (a peripheral anesthetic agent) and systemic 
injection of MK-S01 (an NMDA [N = methyl D = 
asparticacid] receptor antagonist). Also, systemic injec 
tion of naloxone after the early phase of EMG activation 
can enhance (or "rekindle") the second, later phase of 
EMG activation, actually increasing its magnitude as 
compared with mu>iard oil injection alone.

These findings can be interpreted as follows:
• Upper cervical cord ind trigeminal nucleus subcaudalis 

neurons are particularly responsive to deep nociceptive

inputs, which as Hu et al have said, "unmaskorstrengthen 
... central somatosensory neuronal relays of convergent 
afferent inputs that normally are relatively 'ineffective' 
('silent'") in exciting (these) neurons.'0t>l7) As such, 
deep nociceptive inputs are particularly effective in cre 
ating the most significant increase in cutaneous hyper- 
sensitivity and an increase in the receptive fields of dorsal 
medullary horn neurons. In clinical terms, this explains 
several important features of deep tissue pain, including 
its poor localization (explained by multiconvergence on 
numerous central neurons), hyperalaesia (so called "sec 
ondary hyperalgesia"), and spread of hyperalgesia and its 
referral to distant cutaneous regions. These phenomena 
are all well-known attributes of myofascial and, in par 
ticular, spinal pain syndromes. They are also important 
components of myofascial dysfunction and pain referral 
likely to be operative in headache of cervical origin.

• Deep pain inputs activate local and, in some cases, distant 
muscles, presumably in some kind of early protective 
response. However, it can be presumed that this muscular 
reactivity contributes to the pain and dysfunction of clinical 
syndromes involving the neck and jaw articulations.

• There is a complex neurochemical control of these mecha 
nisms that balances inhibitory and excitatory influences 
within die entire sensorimotor system involved with 
cephalic and facial pain.

• All of these mechanisms are consistent with the phenom 
enon of "central sensitization" demonstrated previously 
in spinal systems.-4-5 This phenomenon is consistent 
with the model of neuroplasticity proposed by Dubner 
and Ruda,2S in that changes in central processing of 
nociceptive transmission contribute to die development 
and prolonged maintenance of the pathophysiology asso 
ciated with pain arising from deep somatic tissues.

IMPLICATIONS FOR HEADACHE OF CERVICAL 
ORIGIN

Central sensitization provides a mechanism to explain the 
clinical phenomena seen so regularly in headache sufferers of 
(1) persistent somatic pain: (2) pain referred from the cervical 
spine or posterior occipital region into the fronto-orbital 
regions, perceived a> "headache" but in fact being referred 
neck pain; (3) tender h>peralgesic muscle zones ("trigger 
points") that often expand as the headache pain increases; and 
(4) muscular tension in the deep suboccipital, superficial 
occipital, and craniofadal muscles that for many years has 
been thought to be the sole basis of muscle contraction or 
tension headache.r

On the other hand, the mechanism of "con vergence-sensitiza- 
tion-projection" also serves to explain how pain arising from
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Fig 3. Pattern of EMG activation of neck and jaw 
muscles induced by experimental upper cervical 
paraspinal inflammatory pain. Reprinted with per 
mission from Hu J\V, Yu X-M. Vernon HT, Sessle 
BJ. Excitatory effects on neck and jaw muscle activ 
ity of inflammatory irritant applied to cervical 
parspinal tissues. Pain. 1993:55:243-250. © Copy 
right 1993, Elsevier Science.

intracranial structures such as posterior cerebellar tumors or the 
intracerebral blood vessels (as proposed by Moskowitz28 in the 
case of migraine) may be referred to the posterior occipital and 
suboccipital regions, masquerading as cervical pain.

In summary, the irigeminocervical nucleus and the exten 
sive afferent convergence from numerous craniocervical pe 
ripheral tissues onto these second-order neurons (a phenom 
enon called "convergence-projection"29) serves to explain the 
neuroanatomic ba*i> ofheadache referred from the neck. The 
neurophysiologicbisisof such pain referral, particularly from

inflammatory pain arising from the posterior suboccipital 
muscles and joints, is explained by the phenomenon of "cen 
tral sensitization" and the neuroplastic changes that these 
second-order neurons undergo in response to prolonged pe 
ripheral deep somatic pain. These are the mechanisms that 
have been proposed by chiropractors to arise from the 
subluxation or dysfunction state of the vertebral motion seg 
ment. Certainly this is consistent with the older model of 
"central facilitation" proposed by Kerf'0 and adhered to by 
several generations of chiropractors.
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Fig 4. Pattern of EMG activation of neck and jaw muscles induced 
by experimental TMJ inflammatory pain; compare with Fig 3. 
Reprinted with permission from YuX-M, Hu JW, Vemon HT, Sessle 
BJ. Temperomandibular inflammatory irritant induces increased 
activity of jaw muscles. J Dent Res. 1992,71:603. © Copyright 1992, 
Elsevier Science.

CERVICOGENIC DYSFUNCTION IN HEADACHE

The final section of this article explores evidence for the 
spinal subluxation phenomenon in groups of headache suf 
ferers.

In Vemon et al's 1992 report31 on cervicogenic dysfunction 
in muscle contraction (ie, tension-type headache [TTH]) and 
common migraine (ie, migraine without aura [MWA]), the 
components of cervicogenic dysfunction were defined, and 
the literature up to 1988 was reviewed in defense of the notion 
of a broad, highly prevalent basis for cervicogenic dysfunc 
tion in headache. In a 1991 report,7 Vernon had also addressed 
how this high prevalence of cervicogenic dysfunction in these 
types of headaches argued against the position adopted by the 
IHS (based principally on the work of Sjaastad and col 
leagues3"*) that CH was a narrowly defined, infrequently 
encountered form of headache.

In their 1992 report, Vernon et al31 outlined the components 
of cervicogenic dysfunction, as follows:

• hypomobility—variously termed "iubluxation," "joint 
blockage," "segmental dysfunction." and "fixation";

• tender points in the soft tissues—%-ariously called "tender 
muscle points," "triggerpoints," and "hyperalgesic zones";

• reduced regional ranges of cervical motion; and
• radiographic findings of static misalignment and dy 

namic intersegmental abnormality. 
To this list, two other features should now be added:
• static segmental misalignment on palpation (most often 

C-l orC-2)and
• static malposition of the head and neck (specifically, ante 

rior carriage of the head and low, rounded shoulders).
The reader is directed to Vemon et al" s5: report for literature 

supportive of each of these components prior to 1988. The 
more recent literature (with a few notable exceptions) is 
reviewed here.

Hypomobility
In 1985 and 1986 Jull32-33 reported on both the reliability of 

upper cervical joint motion palpation and its use in headache 
subjects to determine the lesioned segment. A comparison 
between headache and nonheadache subjects33 revealed dys 
function at CO-1, Cl-2, and C2-3 in 60%, 40%, and 55%, 
respectively, of headache subjects, compared with 5%, 12%, 
and 22%, respectively, in controls. These palpatory findings 
were confirmed by Jull and colleagues5* and Dwyer et al35 
using diagnostic anesthetic blocks as the gold standard.

Jensen et al's treatment study' of posttraumatic headache 
sufferers reported on findings of hypomobility in the 19 
subjects entered into the trial and on the presence of "joint 
block" in one or more of the upper three segments of the 
cervical and thoracic spinal regions. Fourteen of 19 subjects 
had at least one block in both regions, while 4 of 19 had a 
blockage only in the upper thoracic spine. Thus, 18 of 19 
subjects had a joint blockage in at least one of the three upper 
cervical segments. The segment demonstrating joint blockage 
most frequently was Cl-2.

In Verno'n et al's 1992 report, three motion palpation 
procedures (as described by Fligg36) were utilized: anteropos- 
terior (AP) glide, rotation, and lateral flexion. A major block 
age in any of these three procedures on either side at CO-3 was 
indicative of segmental fixation. Not a single subject in either 
the muscle contraction or the migraine group had no fixations 
at any of the upper cervical segments, and only 16% in each 
group had a fixation at only one level. In die muscle contrac 
tion group, 54% had fixations at two levels and 30% at all 
three, while formigraine subjects, these figures were42% and 
42% respectively. Thus, in both groups, 84% had a fixation at 
at least two of three upper cervical segments.

In 1993 Watson andTrott37 used multiple outcomes (others 
are discussed below) to assess cervical headache subjects.
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They reported on the reliability of posterior-to-anterior glide 
palpation in 12 of their subjects examinedon two occasions by 
the same examiner, with K values ranging from 0.67 to 1.0, 
depending on the segment. They also included, as positive 
signs of joint dysfunction, the presence of tenderness and 
muscle stiffness (see below). When all three signs—fixation, 
tenderness, and palpatory stiffness—were included, far more 
positive findings were found in headache subjects than in 
controls. The most prevalent level was CO-1.

In 1994 Treleaven et al38 reported on 12 subjects with 
posttraumatic headache compared with an age- and sex- 
matched control group. Signs of cervicogenic dysfunction 
included in this report were joint blockage, range of cervical 
motion, forward head posture, and neck flexor muscle endur 
ance; the last three will be discussed separately below. The 
protocol employed for palpation of joint blockage included 
the following three features, assessed on a segmental basis:

1. presence of abnormal motion (hypomobility),
2. abnormal tissue quality (hypertonicity), and
3. provocation of pain (tenderness).
Joint dysfunction was rated as mild, moderate, or marked. 

Ten of 12 headache subjects had at least one segment showing 
marked joint dysfunction in the upper cervical spine. A 
qualitative comparison between headache and control sub 
jects showed much more hypomobility between C-0 and C-3 
in headache sufferers. The dysfunction detected in controls 
tended to be milder and spread evenly throughout the cervical 
spine.

Craniovertebral tender points

Tenderness on palpation of the skin39 and deep tissues of the 
craniovertebral and paraspinal region is the most commonly 
reported sign of headache of cervical origin. Virtually every 
relevant author has reported on the subject, from Lewit,40 who 
reported on "pain over the posterior arch of atlas," to Sachse 
et al,41 who reported similar suboccipital and scapular tender 
ness, and Graff-Radford et al/2 and Jaeger/3 who reported on 
the numerous cemcal tender points that serve to perpetuate 
myofascial head pain. Sjaastad et al3-4 reported on the high 
prevalence of tenderness atC2-3, and Bouquet et al44 reported 
on 24 cervicogenic headache sufferers, 21 of whom had an 
ipsilateral trigger point at C2-3. Bouquet et al also com 
mented on a frequently rotated and enlarged C-2 spinous 
process as evidence of some static misalignment that typically 
accompanies the spinal subluxation. In Jaeger's43 report on 11 
cervicogenic headache sufferers, tenderness and misalign 
ment around the transverse process (TVP) of the atlas were the 
most frequent palpatory findings.

In 1991 Lebbink et al45 compared 164 headache sufferers 
with 108 controls. Subjects completed a survey form that 
included questions ^n the presence and severity of neck

muscle tightness and soreness, as well as the presence of head/ 
neck injury in the past. Statistically significant increases in 
most of these variables occurred in headache subjects as 
compared with controls and also in headache subjects during 
a headache as compared with when headache free, although 
49% of headache subjects had neck muscle soreness even 
when headache free.

In Jensen et al's clinical trial report.9 tenderness was re 
ported in 42% of subjects at C2-3, in S9# atC3-4, and in 63% 
at C4-5.

Vemon et al31 used the pressure algoroeter46 to verify true 
tenderness in cervical tender points in Tl Hand MWA suffer 
ers. This type of assessment has been used with great success 
by fibromyalgia"" and headache48 researchers. In fact, the IHS 
classification1 includes the presence (or absence) of pericra- 
nial tender points as part of the subclassification of TTH. 
Recently, Bovim48 has verified the importance of pericranial 
(but not cervical) tender points in CH sufferers, and although 
this study was able to distinguish CH from TTH and migraine 
with regard to the severity and location of tender points, other 
studies have found greater similarities among types of head 
ache in this regard.

Vemon et al's 31 study reported on the prevalence of six 
standard craniocervical tender points in these headache groups:

1. medial occipital brim,
2. lateral occipital brim (near the TVP of the atlas),
3. suboccipital (C1-2),
4. midcervical (C2-3),
5. trapezius, and
6. levator scapulae
Table 4 shows the distribution of numbers of tender points 

(bilateral points counted as 1; therefore, ma-umal count was 6) 
in the two headache groups. Eighty-five percent of TTH 
patients had at least one; 75%, at least two: and 50%, four or 
more. In the migraine group, these figures were 92%, 76%, 
and 44%, respectively, indicating a high prevalence of tender 
points in both groups. Table 5 lists the most prevalent loca 
tions, showing a strong (predictable) prevalence for the upper 
cervical region.

In an unpublished study by Vernon CH.V., unpublished 
data, 1992), these findings were replicated in a case-control 
comparison of TTH sufferers (14 subjects in each group). In 
the headache group there was a stronger predilection for 
multiple tender points (four or more). All tender points were 
measured by pressure algometry. The mean score in the 
headache group (2.94 kg/cm-) was significantly lower than 
that of the controls (3.44 kg/cm2; t = 1.94: P < .05).

The findings of Watson and Trott,37 in which detection of 
joint dysfunction in headache subjects and nonheadache sub 
jects included pressure palpation for tenderness, have already 
been described. Again, this procedure wai found to have good
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Table 4. Distribution of tender points (TP^- by the 
number of points

Table 5. Distribution of tender points i P<> by the 
location of points

Headache groups

No of IPs

6
5
A
3
2
1
0

CM

8
16
4

28
20
16

8

MCH
%

10
5

10
25
25
10
15

Total

9
11

7
27
22
13
11

Spearman r = .98; P < .05. CM, common migraine; MCH, muscle 
contraction (ie, tension-type headache). Reprinted with permission from 
Vernon HT, Steiman I, Hagino C. Cervicogenic dysfunction in muscle 
contraction headache and migraine: a descriptive stud)'. ) Manipulative 
Physio! Tber. 1992;15:418-429. OCopyright 1992. Williams & Wilkins, 
Baltimore, Md.

intraexaminer reliability and to distinguish headache from 
nonheadache subjects, with a higher prevalence of findings in 
the headache subjects.

In 1993 Mercer et aP reported on 90 headache subjects, 39 
with migraine, 11 with TTH, and 9 with combined headaches 
according to IHS criteria. A high prevalence of myofascial 
tenderness and joint dysfunction was found in each of these 
three headache groups (n=59), with particular emphasis on 
neck-related "myofascial features."

In 1994 Duckro et al50 reported on 42 posrtraumatic head 
ache subjects who were divided according to IHS categories 
(TTH, 70%; combined. 24%; migraine, 19%; cervicogenic, 
7%; others, 24%-). A high prevalence of tender points in head, 
neck, and upper back muscles was found, with no significant 
differences among the groups.

Vecchiet et al51 studied tender points in the semispinalis and 
trapezius muscle of 10 TTH sufferers. They employed an 
electrical pain threshold test applied to the skin, subcutaneous, 
and deep tissues separately. In addition, resting EMG levels 
were recorded in these muscles. All tender points that were 
measured in these cervical muscles had been found to create 
referred frontal headache. The pain threshold measurements 
were made before and again 2 and 10 days after injection of a 
local anesthetic agent. At 10 days after injection, pain thresh 
old values were significantly higher in all three tissues at all 
injected tender point sites. Also, EMG activity was signifi 
cantly lower, andheadache activity was significantly reduced.

These findings arc somewhat similar to the findings of 
Vernon et al,52 who employed pressure algometry in neck pain 
patients (some of whom also complained of headaches). 
Within 5 minutes after a spinal manipulation to the lesioned

Headache groups

Location
ofTP

Midcervical
Lateral-occipital
Suboccipital
Trapezius
Levator scapula
Medial-occipital

CM

91
68
64
55
32
23

MCH
*«

rs
56
56
39
33
17

Total

85
63
60
47
32
20

Spearman r= 1.00; P< .05. CM, common migraine; MCH, muscle 
contraction (ie, tension-type headache). Reprinted with permission from 
Vernon HT, Steiman I, Hagino C. Cervicogenic dysfunction in muscle 
contraction headache and migraine: a descriptive study. / Manipulative 
Physiol Ther. 1992;15:418-429. © Coyright 1992. \\ ifliams & Wilkins, 
Baltimore, Md.

segment, bilateral pressure pain thresholds increased an aver 
age of 45%; in control subjects, no increase was recorded.

Finally, tenderness to palpation has been used as one of the 
cardinal signs by Vernon, MI, and colleagues-' '"M to locate the 
level of zygopophyseal joint dysfunction potentially respon 
sible for neck pain and headache. These tenderness findings 
correlate very well with the signs of joint hypomobility 
discussed above. This combination of tenderness and 
hypomobility (as in the study by Watson and Trott37) correlate 
very highly with anesthetic joint blockades, considered the 
gold standardfor diagnosis and used with greater frequency33'5* 
as a successful therapy for headaches.

Increased muscle stiffness is a finding associated with 
muscle tenderness. In 1992 Vernon and Gitelman55 reported 
on a single case of bilateral TTH with cervical dysfunction. 
Pressure algometry revealed clinically significant tenderness 
bilaterally in the suboccipital region. Muscle stiffness of the 
midcervical paraspinal and trapezius muscles was measured 
using Fischer's tissue compliance meter.* Higher than ex 
pected values were found in both muscle sites.

Sakai et al" used a computerized compliance meter in a 
comparison of 37 TTH subjects and 63 controls. In 65% of 
TTH subjects, there was significantly increased trapezius 
stiffness, while the overall mean values (756+121 vs 538+89) 
significantly distinguished headache from control subjects 
An orally administered muscle relaxant greatly reduced this 
increased stiffness in headache subjects, implying that active 
tension contributed to the stiffness.

It is evident that the more recent studies of myofascial 
dysfunction (pain/tenderness and stiffness) employ more so 
phisticated methodologies and instrumentation and are beinf
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conducted in case-<ontrol design formats. The findings of 
these studies even more strongly substantiate the clinical and 
empirical experience of a high prevalence of craniocervical 
tenderness in headache sufferers, which is strongly associated 
with other signs (including misalignment and joint 
hypomobility) of spinal segmental subluxation. Studies that 
also employ manipulation or anesthetic joint blockade have, 
as indicated by the relief of symptoms, further implicated 
cervicogenic joint dysfunction in the etiology of headache.

Radiologic findings of cervicogenic dysfunction
Pfaffenrathet aF used a computer-aided method of analyz 

ing segmental cervical motion on flexion-extension radio 
graphs. They found a statistically higher incidence of restric 
tions at CO-1 in cervicogenic headache subjects as compared 
with controls.

In 1991 Jensen et al59 published a second report, a descrip 
tive study of the sample of posttraumatic headache sufferers 
studied in the clinical trial. In this study, flexion-extension 
radiographs were obtained in 19 headache sufferers and in a 
group of age- and sex-matched controls. Total Cl-7 motion 
and motion at each segment were measured with a computer- 
aided protocol. Findings correlated with age, pain severity, 
and the presence of three associated symptoms: dizziness, 
visual symptoms, and ear symptoms.

Jensen et al reported that total flexion-extension was re 
duced in headache subjects compared with controls (88° vs 
100"; P<.05). There was a tendency toward a reduced cervical 
curve in the headache subjects. Three segments—C2-3, C5- 
6, and C6-7—demonstrated reductions in motion in the 
headache subjects. Age-corrected Cl-7 motion was nega 
tively correlated with the log (pain) scores, indicating that an 
increase in pain was strongly associated with a reduction in 
motion.

Vernon et al's?: report on TTH and MWA subjects used a 
similar method that rated segmental movement against the 
normative data fromDvoraketal. 60 They also used Penning's" 
method for CO-1. The mean + 1 SD for occipital flexion in 
both headache groups was 3.17° + 2.24°, while for extension 
it was 10.6° + 7.7°. The percentage of subjects showing 
reductions in motion below a lower cut-off for normal (-1 SD) 
was 90% for flexion and 70% for extension. These results 
agree with those of Pfaffenrath et al. 58 For the rest of the 
cervical spine, a pattern emerged of greater hypermobility at 
Cl-2 and hypomobility at C4-6. Finally, with regard to the 
neutral cervical curve. 77% of all subjects had a substantial 
reduction in (quasi- or fully alordotic) or abnormal reversal of 
the cervical lordo<i>.

Nagasawa et al" >- recent report adds further to our knowl 
edge of changes in cervical function in headache sufferers as 
determined by radiographic analysis. They compared 372

TTH subjects with 225 controls and found a statistically 
significant reduction in the neutral curve as measured by a 
"cervical spine curvature index" (14.6*1 1.9% vs 19.4+11.1%; 
P<.OQl). They also found that segmental instability was less 
frequent in TTH patients than in controls, but there was a higher 
frequency of low-set (ie, rounded) shoulders in TTH patients 
(57.5%) than in controls (41.8%; P<.0\: ;r=16.6). These find 
ings confirm that TTH sufferers have significant cervical pos 
tural and segmental motion abnormalities, typical of subjects 
whose headaches would be labeled as "cervicogenic."

Cervical posture, muscular weakness, and range of 
motion

Watson and Trott37 studied 60 subjects. 30 with recurrent 
cervical headache (a combination of TTH. MWA, and CH) 
and 30 controls. They studied (1) the degree of anterior head 
carriage, which was measured photographically; (2) the iso 
metric strength and endurance of the upper cervical flexor 
muscles, measured by strain gauge dynamometry; and (3) the 
presence of "joint dysfunction," measured by combining 
manual palpatory findings of restricted joint play, tenderness, 
and stiffness (described above).

They found a smaller mean angle of forward head position 
(FHP) in headache sufferers (ie, a straightened cervical spine). 
Headache sufferers also had smaller strength values and 
smaller endurance values. These findings correlated well with 
the degree of FHP. Watson and Trott concluded that FHP 
increases the load on the posterior muscles that rotate the head 
(occiput) backward to maintain the orthostatic horizontal 
position of the eyes. This in turn weakens the antagonist 
muscles (upper cervical flexors) and contributes to upper 
cervical joint and myofascial dysfunction, ultimately leading 
to upper cervical pain. This nociceprion reinforces the local 
muscle spasm (found experimentally by Hu et al17 ) and creates 
a vicious cycle of pain-spasm-altered mechanics-pain, all 
leading to the potential for referred cranial pain.

Further evidence for the development of regional muscular 
stiffness and reduced range of cervical motion comes from 
Kidd and Nelson's63 report using a very simplistic observer's 
evaluation of neck range of motion in 64 subjects, 37 with and 
37 without benign headache. The headache sufferers more 
frequently had a reduction of two or more ranges of motion.

In Treleaven et al's38 study, several other parameters were 
measured in posrtraumatic headache sufferers and controls, 
including neutral head posture, range of cervical motion, 
"muscle tightness." and endurance of the uppercervical flexor 
muscles. These tests were similar to the protocol used by 
Watson and Trott/" However, contrary to Watson and Trott's37 
report, the degree of forward head posture was not signifi 
cantly greater in headache subjects. Also, gross ranges of 
motion were not greatly reduced, although more muscles
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tested positive for "tightness" on manual examination. The 
endurance of the upper cervical flexor muscles was signifi 
cantly reduced in headache vs control subjects (1+1.4 s vs 
2.9+2.2 s; P<.02).

All of these findings combine to create a composite of 
cervicogenic dysfunction, much of which has been observed 
in noncervicogenic headache sufferers (ie. TTH and MWA). 
This profile includes regional alterations in anterior head 
posture; straightened cervical curve and lo\v-set shoulders; 
regional muscular stiffness and reduced range of motion; and 
upper cervical subluxogenic signs, including misalignment, 
joint hypomobility, and frequent segmental myofascial ten 
derness. The high potential for upper cervical pain to occur, 
not only unilaterally but also bilaterally, creates potent oppor 
tunities for cranial pain referral.

SUMMARY

The literature on headaches of cervical origin has been 
reviewed, focusing on three areas: the results of studies 
employing manipulation and facet or neural anesthetic block 
ade; recent advances in the understanding of craniocervical 
pain mechanisms: and finally, recent studies of cervicogenic 
dysfunction in several categories of headache, including TTH, 
MWA, and GH. The current IHS approach to CH is too narrow 
and will create many false misattributions, typically tending 
toward underdiagnosis of the cervicogenic component of 
many benign headache conditions. Vemon's1 1988 model of 
vertebrogenic headache should be modified slightly. There 
are three likely categories of benign headache:

1. Those in whom the cervicogenic component is etio- 
logic. This group ideally will derive primary benefit 
from spinal manipulative therapy (SMT) or other treat 
ments aimed at cervical dysfunction.

2. Those in whom the cervicogenic component is second 
ary but synergistic. This group ideally could derive 
significant benefit from SMT in conjunction with other 
therapeutic measures.

3. Those in whom the cervicogenic component is negli 
gible, reactive, or fully absent. This group would derive 
little or no benefit from SMT.

As in 1988, it is still the case that only careful but compre 
hensive research, taking full account of cervicogenic dysfunc 
tion, will ultimately determine the validity of this model.
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Chiropractic rehabilitation of spinal pain patients: 
principles, practices and outcome data
Howard T Vernon, DC, FCCS(C)*
Joseph Piccininni, MSc
Deborah Kopansky-Giles, DC, FCCS(C)
Carol Hagino, MBA
Shirley Fuligni

Objective: To review basic principles and practices of 
chiropractic rehabilitation for spine pain patients and to 
present data on outcomes of an active care program. 
Design: Pre-post statistical comparisons of patient 
outcomes in a 6-week program of active care. 
Setting: Rehabilitation clinic.
Participants: A convenience sample of seventy-three work- 
injured spine-pain patients from January 1993 to September 
1994 who completed a 6-week intervention program. Forty 
eight (48) males with an average age of 41 years, and 25 
females with an average age of 39 years were included, 
Outcome measures: VASfor pain seventy; Oswestry and 
Neck Disability Indices; self-ratings for improvement; an 
outcomes satisfaction index.
Results: The average duration of complaint was 48 days. 
Mean pre-post changes in pain scores (6.7 to 3.4) and 
disability scores (27.3 to 17.1) were highly significant 
(p < .0001). Eight-one percent (81%) of subjects were 
discharged as fit to return to at least modified work The 
average level of self-rated improvement was 68%. The 
average level of satisfaction with outcome-was 39/50. The 
highest correlations were found between disability status, 
self-rated improvement and outcomes satisfaction (.57—.81) 
Conclusion: An active care program has been shown to 
produce high levels of clinical improvement and patient 
satisfaction in a sample of moderate-to-severely disabled 
spine-pain patients. While this study has limitations, 
investigations such as this are essential to improve the quality 
of care provided to work-injured spine-pain patients. 
(JCCA 1995; 39(3): 147-153)

KEY WORDS: chiropractic, manipulation, rehabilitation.

But: Reviser I'approche chiropratique en matiere de 
re"adaptation de patients avec douleur vertebrate etpresenter 
les resultats d'un programme actifde soins de santi. 
Moyen: Comparaison de statistiques d'un patient prises avant 
et apres un programme de six semaines de soins actifs. 
Endroit: Une clinique de readaptation. 
Participants: Un Ichantillonage de 73 patients, blesses au 
dos au travail, et ayant complete un programme de six 
semaines. Ces patients ont ete traite entrejanvier 1993 et 
septembre 1994:48 hommes avec une moyenne d'age de 41 
ans et 25femmes avec une moyenne d'age de 39 ans. 
Indicateurs des resultats : fechelle analogique visuelle pour 
I'ampleur de la douleur, indice d'incapacite du cou el 
d'Oswestry, auto-evaluation de I'amllioration et indice de 
satisfaction.
Resultats : La duree moyenne duprobleme ^tait de 48 jours. 
La moyenne des resulats du changement de douleur, avant et 
apres (6, 7 a 3, 4), et ['evaluation d'incapacite (27, 3 a 17,1) 
etaient hautement significatifs (P<.OOOI). Quatre-vingt-un 
pour cent des patients retoumerent au travail, mais, parfois a 
un autre travail. En moyenne, 68% defgens estimaient aller 
mieux. Le degrl moyen de satisfaction face au resultat: 
39/50. La plus grande correlation se retrouve entre 
I'incapacity I'auto-evaluation de I'amelioration et la 
satisfaction du resultat (0, 57 a 0, SI). 
Conclusion: II a It6 demontrl qu'unprogramme de soins 
actifs resultait en un haul degre d'amelioration et de 
satisfaction des patients. L'echantillonnage etait constitue de 
gens avec douleur verte'brale d'intensity moyenne a severe. 
Malgre ses limites, ce genre d'etude est primordial pour 
I 'amelioration de la qualite des soins a ce type de patient. 
(JCCA 1995; 39(3): 147-153.

MOTS-CL£S: chiropratique, manipulation, readaptation.

Introduction
Within recent years, the incorporation of active-care, exercise- 
based rehabilitation programs into the chiropractic private 
practice setting, has expanded considerably.1^ 

'Several developments have likely contributed to this.

1 There has been a development, over the last two decades, of 
an expanded, sophisticated biomechanical model in 
chiropractic. The work of Grice,4 Gitelman5 and Faye6 has 
been instrumental in this area by emphasizing the dynamic

* For reprints: Associate Dean of Research. Canadian Memorial Chiropractic College, 1900 Bayview Avenue, Toronto, Ontario M40 3E6. 
« JCCA 1995.
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behaviour of the spine within the context of the total loco- 
motor system. In other words, chiropractors were receptive 
to and ready for this paradigm shift.

2 It is now recognized that chiropractors are particularly ef 
fective in providing quality education to their patients as to 
the nature of their pain problems.7-8'9- 10 Thus, chiropractors 
were ideally positioned to blend the newer "back school" 
components of spine rehabilitation 1 -2 with their practice 
model.

3 "Muscular re-education models" have been developed and 
incorporated into the mainstream of chiropractic thinking, 
particularly with the work of Lewit"- 12 and Janda. 1 -'

4 During this same time period, parallel developments occurred 
in medicine toward a "sports medicine" approach to the care 
of back pain, 14- 15- 16- 17 largely motivated by studies which de 
bunked the value of bed rest."-" The new motto appears to 
be Deyo et. al.'s "keep it moving.20

5 The infusion of Waddell's insights into the behavioral di 
mension of low back pain,21 particularly in focussing on the 
distinction between disease/impairment and illness/disabil 
ity, and particularly as this relates to the occupational setting, 
has contributed to this trend.
Chiropractors appear to be participating in these new "ac 

tive care" models in ever-increasing fashion. This is reflected 
in several trends in the profession, including the development, 
in the USA, of the Chiropractic Rehabilitation Association, 
and in Canada, of the emerging Fellowship in Chiropractic 
Rehabilitation. These bodies and others have initiated con 
siderable postgraduate course work in musculoskeletal 
rehabilitation.

In Ontario, chiropractic rehabilitation clinics were created 
in 1989 in response to initiatives taken by the Workers' Com 
pensation Board. The Ontario WCB developed the Medical 
Rehabilitation Plan which created a "Community Clinic Pro 
gram" of outpatient clinics for the treatment of work-related 
soft tissue injuries.22 These clinics have also been active in the 
area of motor vehicle accident-related personal injury rehabili 
tation. Other provinces are heading in similar directions.

In this paper, we outline some of the principles and prac 
tices of chiropractic spinal rehabilitation, particularly those 
which we have incorporated in a program of early, active in 
tervention for work-related injuries. We report on a convenience 
sample of patients from 1993-1994, providing data on baseline 
characteristics at referral, and on the outcomes of this structured 
rehabilitation program. We conclude with some opinions and 
recommendations for the future of this challenging trend in 
chiropractic.

Principles and practices of 
chiropractic spinal rehabilitation
Burns' and Liebenson2 have recently published excellent re 
views of the history and scientific basis for prescribing thera 
peutic exercise and conducting spinal rehabilitation in the pri 
vate-practice setting. Lahad et al.23 have recently conducted a

review of the effectiveness of exercise therapy in the prjj 
and secondary prevention of low back pain, concluding 
sufficient evidence exists supporting its use for this pum 
The foundation of the rehabilitation paradigm rests on chi 
ing the perspective of mechanical spinal pain disorders fn 
biornedical/pathology model to a biopsychosocial/functii 
model. 10'24 In this model, a systems approach25 is used ton 
the various biomedical dimensions of physiology, patholi 
psychology and social sciences into a holistic perspeciivj 
particular, the emphasis is less on disordered physiology) 
is on disordered function.

As such, while the narrow goal of chiropractic treating 
the correction of discrete mechanical lesions and their aca 
panying consequences, and while the expected result of j 
treatment is the reduction of symptoms and improveracij 
function of this discrete lesion, there is a broader, morehof 
context which includes the overall flexibility*, strength anj 
tegration of movement of the spine and the locomotorsysl 
Beyond this, consideration must be given to the demanl 
each individual's environments, - in the workplace, alto 
and at play - on the spine and locomotor system. Maxii| 
recovery depends upon appropriately reintegrating the pat) 
person - physically and psychosocially - with these envj 
ments. From this biopsychosocial model, one can derive 
need for interventions which extend beyond the maniptl 
treatment of the spinal subluxation, to therapeutic exeid 
the goal of which is to improve regional and locomoiorl 
ibility, strength, endurance and coordination, as well as impl 
overall aerobic fitness levels.

In fact, the more recent exercise movement in the mini 
ment of low back pain (LBP) - the "sports medicine" apptl
- centered on this last issue, particularly the developro 
what came to be known as the "deconditioning syndro 
Following from the work of Mayer and others,14-'5- 16-" Ibt 
acute and, certainly, chronic low back pain (LBP) paw 
seen to be exhibiting progressive weakness of trunk mffl 
ture, reduction of aerobic fitness and an increase in a con 
of abnormal illness behaviours21 centering around the is 
"fear-avoidance beliefs".26 Patterns of pain and restrictd 
lion are seen to be progressively reinforced in this kin 
patient by avoidance of activity which is seen as a po» 
threat to provoke more pain. Additionally, such patienlii 
to rely more heavily on external agents (therapists, dni| 
effect therapeutic change in their lives and become i« 
ingly unable or unwilling to participate actively in f 
recovery. Taken together, these and other factors formap
- the deconditioning syndrome - which is an ideal targel 
supervised, guided and progressive exercise program 
therapeutic program employed in this study has a n 
characteristics and components. Referral for the program 
be within 70 days post-injury, thus emphasizing that to 
vention is as early as possible and appropriate. The.un(to 
assumption is that primary care practitioners will provi* 1 
level treatment for the acute phase of a work-related 1
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injury 10 and will then refer for secondary - level active care to 1 
complete the recovery path of their patient.

The program begins with a comprehensive intake assess 
ment which includes attention to injury history, course of con 
dition, subjective symptom rating, physical, neurologic and 
functional testing. The key objectives of the intake assessment 
are to:
1 Establish or confirm the diagnosis
2 Identify key pain generators
3 Identify key functional impairments
4 Identify critical psychosocial barriers to recovery
5 Identify an individualized profile of functional deficiencies 

for which exercise and education might be beneficial inter 
ventions.
The outcome of the intake assessment process is an indi 

vidualized, injury-specific intervention plan which has a high 
likelihood of success at discharge. Additionally, the intake 
process should develop a reliable, quantitative baseline of 
clinical information against which clinical progress and outcome 
can be measured. The variables included in this individualized 
patient data base may be related to symptom-rating, functional 
impairment, psychosocial status etc. (See: Methods, below)

The intervention program must have three components: 
1 - Treatment. 2 - Exercises, 3 - Education.

The Treatment program offered to patients in this study 
largely consisted of chiropractic therapeutic measures, pri 
marily spinal manipulation, provided by the primary refer 
ring practitioners. 10

2 The Exercise program is characterized by the following 
features:
(a) The program must be individualized. This applies to the 

kind of exercises employed, the target .tissues or struc 
tures, the target functions and the intensity levels.

(b) The program must be injury-specific, however it should 
also be comprehensive and holistic, i.e. total-body con 
ditioning, coordination, and functional capacities, par 
ticularly those which are relevant to work demands.

(c) The exercises must be progressively increased based on 
the patient's tolerance, capacities and needs.

(d) The program is performed on a daily basis.
(e) The exercise program reported in this study also in 

creases progressively with regard to time in the pro 
gram. The initial period of exercise activity may start at 
30-45 minutes per day within the first week and then 
progress to 60—90 minutes in the second week. From 
week 3-6 the program may involve 120-150 minutes of 
exercise per day.

Table 1 
Schema of exercise therapy in spine-pain rehabilitation

Goal Methods

Flexibility

Regional strength reco

v ^ -

Recovery of a'erpbii
.'• -• • • . J . . •:'•••. ^ *;•*!! VK

Stretching exercises:
passive, assisted
active ;
neuromuscular facilitation ,T«^ir<Js;

IsometricftKen isofonic stren 
Open cham exercises,; 4.,-.;

Functionalisotoniclexerc; 

Closed chain^exercises ,
-\8§-/S'--:'

Aerobic e^cisesf^^'";
•-'-- v^^^^v^^'^'r'

Endurance|exercising^4v.
•"••'-" "' '^'^^T"': '•" "*" -t:-^^ '•^"••.<"

_t ..,«-Work simulation" exercises-•• • ••'• -"-- ••• -'- •-''• •
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(0 The exercise program is modified on an ongoing basis 
particularly by feedback from the patient. This is pro 
vided verbally, by daily log entries, and on the basis of 
regular re-assessments. The progressive incremental ex 
pansion of the exercise program, in terms of the num 
bers, kinds and intensity level of exercises and in terms 
of their goals and applications (see below) is consistent 
with the concept of "continuous quality improvement" 
in clinical management. In fact, these types of exercise 
programs are ideal models for integrating concepts of 
CQP7 -28 into the health care arena.

(g) The exercise program evolves with respect to the goals 
and applications for the patient The typical schema is 
outlined in Table 1.

3 The Education Program is delivered in several models: 
i - individual and/or group models; ii — formal and/or infor 
mal. The focus of the education program must be injury- 
specific, but must also include attention to general health 
issues, particularly those related to the injury site. An ex 
ample would be as follows: 
For a lumbar sprain injury-

• Information on the anatomy and function of the lumbar spine;
• biomecr-anical and ergonomic information on the daily use 

of the spine;
• information on weight control and smoking cessation as they 

relate to back pain;
• discussion on benefits of proper sleep, and techniques to

achieve relaxation.
The education program is delivered in a multi-media con 

text, including: 1 - written documents, pamphlets, fact-sheets 
etc., 2 - the use of charts, slides, videos, 3 - interactive learn 
ing sessions.

The principle aims of the education program8- 10-26 are: 1 - 
reduction of distress and fear-avoidance behaviours; 2 - en 
hancement of motivation and capacity to participate effectively 
in the exercise program - this goal being consistent with the 
notion of "client empowerment" contained in the CQI model; 
3 - prevention of future recurrences through management of 
pain and through- ergonomic and biomechanical modifications 
in the patient's lifestyle, and, 4 - having the patient accept an 
increased level of responsibility for his/her recovery.

The intervention program ends with a comprehensive dis 
charge evaluation which includes:
1 debriefing of the patient and providing a home exercise 

program;
2 final clinical evaluation with symptom, disability and 

psychosocial rating;
3 rating of program and outcomes satisfaction;
4 determination of work readiness and discharge status for the 

Workers' Compensation Board (see: Methods). 
In 1994, Gill et al.29 reported on a series of 50 patients en 

rolled in a similar "community-clinic" program in Hamilton, 
Ontario. They reported statistically significant reductions in 
pain, disability, and handicap level as well as reductions in

Sickness Impact Profile scores.29 As well, a high rate of rj 
to work (74%) was reported.

Methods
Patients are referred to the rehabilitation facility by their 
ing practitioner. Ninety-five percent of patients in this 
group were referred from chiropractors, with only 5% 
medical doctors. The intake assessment .served as the 
for obtaining baseline data. Demographic data included: ge 
age, duration of current complaint, occupation, primary lan

Clinical information was obtained by using standardize 
history protocols for neck or low back pain, as well as I 
use of pain and disability rating instruments. Pain "was rat 
the visual analogue scale30-31 and scored out of 10, while 
ceived disability was rated on the Oswestry Low Back 
Index32 or the Neck Disability Index33 (scored out of 50), 
first pain score was designated as VAS1, while thefirsl 
ability rating was designated as DIS1. Comprehensive p 
cal examinations were conducted but the results of to 
sessments will not be reported here.

At discharge, pain (VAS2) and disability (DIS2) ratinpl 
obtained. Additional outcomes included:
1 a self-rated improvement scale consisting of a 10 cm 

analogue scale. The patient was asked to consider 
much improvement in your activity level?" has occured 
the beginning of the program. This VAS was anchoi 
"none" and "complete";

2 doctor's discharge rating as one of the following: a 
return to work, b) return to modified work, or c) no id 
work, and,

3 a questionnaire consisting of ten items which ratei 
level of satisfaction with the goals of the program, 
goals ranged from "reducing my pain" to "helping 
learn more about my pain in order to prevent future 
rences". This instrument was named the "Outcomes 
faction Index".34 A more comprehensive report of the 
erties of this instrument is forthcoming. 
Analyses of the data consisted of descriptive sta 

t-tests for pre-post comparisons, and Pearson's Product 
correlations and Chi Square tests for inter-instrument cd 
sons. As this was an exploratory study of the possible 
correlations between various outcome variables, t 
was set at .05.

Results
This report includes all patients who completed the en 
habitation program from January 1993 to Septembfl 
Seventy-three (73) subjects (48 males and 25 fern** 
eligible. The mean age of the males was 40.5 ± 11.2 
for the females it was 38.5 ± 11.3 years. All patientsl 
tained a work-related injury within 70 days of the «»)> 
although the mean number of days from time of" 
initial visit was 48 days (range: 8-69). All patients 
ceived at least one week of chiropractic treatment pn*
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initial rehabilitation visit.
With regard to the sites of injury, 73% had sustained injuries 

in the lumbopelvic region (the vast majority being of the sprain/ 
strain variety), 22% in the cervical region and 5% in the dorsal 
region.

The mean intake pain score (VASl) was 6.7/10 ± 2.2, while 
the mean intake disability score (DIS1) was 27.3/50 ± 8.3. At 
discharge, the mean VAS2 was 3.4 ± 2.4 and the mean dis

ability score was 17.1 ± 9.9. Figure 1 displays these data with 
the corresponding statistical values. The distribution of dis 
charge status ratings was: Full return to work (RTW) = 34%, 
Modified-RTW = 47%, and no return to work = 19%. The 
average outcomes satisfaction score was 39.4 + 6.8/50. The 
average level of self-reported improvement in functional ability 
was 68.36 ±24.9%. 

Table 2 lists the correlations found between these variables.
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Pain and disability ratings at intake and discharge
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Table 2 
Correlation data for program outcome variables

Discussion
When the average time to referral from the initial injury of 48 
days (almost 7 weeks) is combined with the high intake pain 
and disability scores, this group of work-injured spinal pain 
patients can be characterized as sub-acute to chronic with seri 
ous unresolving complaints, and who are at a high risk for 
converting to a chronic pain state.35-3* As such, the outcomes of 
this program are of considerable clinical and social magnitude, 
particularly regarding the potential for effective secondary 
prevention of chronicity. Taken together, the outcomes of this 
program are characterized by an average 50% reduction in 
measured pain level and an average 42% reduction in mea 
sured disability level. Eighty-one (81%) percent of patients 
were discharged as fit for at least modified work. There was 
also a high level of patient satisfaction for the achievement of 
a variety of clinical and psychosocial recovery goals (average 
76% rating). Patients' self-rated levels of improvement in 
function (68%) were slightly higher than the average reduction 
in disability scores (see below).

A high level of congruence was noted among many of the 
outcome variables. The high negative correlatfons between the 
"pain" and "disability ratings" at discharge, 'separately, with 
the "self-rated level of functional improvement", and the high 
positive correlation between "change-in-disability scores" (i.e. 
reduction of disability) and the "self-rated improvement score"

indicate that patient's self-perceptions of improvemerf 
generally good reflections of actual clinical status, espeJ 
regarding perceived state of disability.

When these findings are added to the above-mentioned 
that "self-rated functional improvement levels" were, on] 
age, 20% higher than the "change-in-disability scores",] 
considerable support is lent to this simple measure as a poj 
outcome indicator.

The high positive correlations between "improvemi 
function level" and "change-in-disability scores", sepai 
with "outcomes satisfaction" scores provides good CT 
for construct and concurrent validity of the Outcomes 
faction Index, thus warranting further investigations wit 
instrument.

The poor correlations between "change-in-pain-; 
the other variables is puzzling, as is the reduction in 
tion between "pain scores" and "disability scores" at 
as compared to intake. These items need further study ii 
sequent studies.

The findings of our study compare very favourably to 
of Gill et al.29 who reported on a similar physiotherapy 
program. They reported an average 36% reduction in 
scores, 39% improvement in disability status and a 7' 
turn-to-work rate. In our study group, pain reduction an 
50%, disability score improvement averaged 38%, whilen 
to-work rate (full and modified) was 81%.

This study has limitations, particularly with regard 
pling issues and non-randomization. There is a strong se 
bias created when using a convenience sample of patients 
primary practitioners only refer for rehabilitation onci 
patients are deemed to be recovering 'poorly. Howev 
patient base is more representative of the population o! 
pain patients in the current system of rehabilitation pn 
and, as such, our findings are probably highly relevant I 
programs. Additionally, the sample size in this stui 
somewhat small, limiting the statistical power.

Another limitation is the use of the multiple correlad 
trix, especially with the p-value at .05. It is possible th 
ous correlations can arise in these circumstances. la I 
of our findings, many of the correlations had p-valuesi 
low .05. As well, the correlations reported here all haw 
consistency, and so, taken together, they represent a de 
profile of findings. J

Further studies ought to include larger sample sizes! 
of objective data from clinical and physical assessnw 
more in-depth reporting on exactly which areas of tl«!| 
generate the highest levels of patient satisfaction.

Conclusion
A convenience sample of work-related spine-pain e 
rolled in an active program of chiropractic rehabiliH 
been described. Descriptive data at intake reveal a f 
serious, unresolving complaints. A battery of 
psychosocial instruments has been used to assess *««
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of a six-week intervention program consisting of treatment, 
exercise therapy and education.

Given the study design limitations and sampling bias, this 
program is seen to produce high levels of clinical improvement 
with a high level of discharge success rate. Good correlations 
have been found between many of the outcomes variables in 
dicating good construct and concurrent validity of these mea 
sures. Patient satisfaction with outcomes is rated as quite good 
and may be based upon the combination of clinical/physical 
improvement and improvements in attitudes regarding their 
pain and disability.

Studies such as this are essential in the ongoing effort to 
improve the quality of care provided to work-injured spine 
pain patients.
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The Effectiveness of Chiropractic Manipulation in the Treatment of Headache: An Exploration in the 
Literature
Hovard T. Vernon, D.C.*

IACT
jective: To review the literature on out-
: studies of chiropractic/manipulation for
on-type and migraine headaches.
sign: Qualitative literature review.
suits: Of nine studies of manipulation for
ion-type headaches that reported quantitative
omes, four were randomized clinical trials and
were case series designs. These studies reported

729 subjects, 613 of whom received manipulation.
comes ranged from good to excellent. Manipulation seems to
setter than no treatment, some types of mobilization and ice,
it seems to be equivalent to amitriptyline but with greater

ability of effect than this medication. Of three studies on

migraine, only one was a randomized clinical 
trial. These studies reported on 202 subjects, 
156 of wbom received manipulation. The out 
comes ranged from fair to very good.

Conclusion: A modest body of clinical stud 
ies exists dealing with the effect of manipula 
tion and headache. The overall results are en 

couraging, even if not quite supportive in the case 
of tension-type headache. Further studies in this 

area are definitely warranted, particularly well-con 
trolled studies in misraine. (J Manipulative Physiol Ther 

1995; 18:611-7).
Key Indexing Terms: Chiropractic, Manipulation, Cervical Ver 

tebrae, Headache, Migraine

icnoN
titioners of spinal manipulation have long been propo-
if its effectiveness in the treatment of headaches. Reports
effect exist in the literature of each of the main branches
nual therapy—chiropractic, osteopathy, manual medi-
nd physiotherapy. These reports range from anecdotal
itations, theoretical treatises, pathophysiologic and clin-
:udies to case series, cohort and randomized controlled
s (1, 2). There is a remarkable longevity and consistency
i literature, contributing to a coherent body of opinion and
hat supports the role of the cervical spine in the etiology
significant proportion of what we might call "benign
iche." There is growing evidence for the efficacious role
lanual therapies in the treatment of these kinds of head-
>.

:vertheless, this coherent "manual therapy" paradigm is
ly disregarded in orthodox circles, despite the 1988 intro-
on of a "cervicogenic headache" category in the Classift-
in of Headaches of the International Headache Society (3).
neglect of the "manual therapy model" also continues

•ite the large body of data that clearly delineates the role of
interconnection of neural pathways in what Bogduk has
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called the "trigemino-cervical nucleus" in the genesis of head 
pain and, possibly, face pain (4). It is now indisputable that the 
afferent connections from the upper cervical joints have an 
enormous capacity to create referred head and facial pain (5-7) 
as well as muscle dysfunction in the cranio-vertebral region 
(8). Manual therapy researchers have consistently reported on 
signs of cervicogenic dysfunction, including local pain, re 
ferred pain and myofascial dysfunction in the upper cervical 
region of many sufferers of what has now come to be called 
"tension-type" and "misraine without aura'" headache types 
(9,10).

This presentation will focus on the evidence that does exist 
in the literature mentioned above as to the "effectiveness" of 
spinal manipulation in the treatment of these types of head 
aches. The reader is referred to other sources on the issues of 
the cervicogenic basis of headache and the nature of the kinds 
of dysfunction that chiropractors and others target in their 
treatment approaches.

METHODS
This paper consists of a qualitative/critical review of all 

empirical reports on the treatment of a headache type by spinal 
manipulation. Only studies that report outcomes data for a 
clearly defined sample of headache sufferers are included. 
Studies such as those by Lewit (11), Jirout (12) and Boake 
(13). which report primarily on signs of cervicogenic headache 
and only mention secondarily that manipulation is, for exam 
ple, "the most effective form of treatment." are not included. 
Single-case studies have also been excluded from this discus-
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sion. As such, three types of studies have been included: case 
series, cohort designs, and randomized trials, whether they be 
controlled or comparative in nature. These studies are divided 
into the two main headache subgroups: tension-type and mi 
graine-type. One study concerns subjects with "post-traumatic" 
headache, although the tension and migraine subtypes predom 
inated in this study sample. This presentation draws heavily 
from the author's previous works, which essentially presented 
studies from the period-up to 1988 in one group of publications 
(1, 2) and the work from 1988 to 1994 in a more recent 
publication (14). The search strategy in these reports included 
on-line searches in the medical databases (Medline, in partic 
ular), manual searches in the chiropractic data bases (CRAC, 
CHIROLARS), citation searches and peer inquiries.

RESULTS
Tension-type Headache

Although mention of the effectiveness of spinal adjustments 
for the treatment of headaches was being made in the writings 
of the earliest founders of the chiropractic profession (15), the 
first formal report on a clearly delineated sample of patients 
came in 1928, in the text on chiropractic by Joy Loban (16). 
Wight summarized Loban's data: in 89 subjects, 58% reported 
complete relief, 32% marked relief and 10% no relief after a 
series of chiropractic treatments (17). No subjects were re 
ported to have had their headaches worsened. Naturally, this 
early report suffers from all the faults of the "prestatistical" era, 
including the bias that comes from a retrospective report of a 
practitioner's own patients and the lack of clearly delineated 
methods. Nonetheless, this report establishes a pattern of out 
come, which will be consistent down through the years, of a 
large percentage of patients (75-90%, as will be shown) who 
report considerable relief of headache conditions with chiro 
practic spinal manipulation.

Would that more practitioners had followed Loban's exam 
ple and reported in the chiropractic literature on discrete sam 
ples of patients or subjects, because in the period from 1930 to 
1970, there are no studies that qualify for inclusion in this 
present review. Wight mentions two other "surveys," one by 
the 1C A, which was part of a larger survey on public and 
patient usage of chiropractors, and the other by Rose, in which 
a small sample (n — 15) was described, 72% of whom had 
relief of their headaches by chiropractic treatment (18).

In 1979, Hoyt et al. reported on 22 subjects with tension- 
type headache who were randomly allocated to three groups: 
cervical palpation and manipulation, cervical palpation only 
and no intervention (.19). Subjects rated the intensities of their 
headache before the intervention. In addition, EMG recordings 
of the frontalis muscle were obtained throughout the study. The 
intervention consisted of one 10-min session, after which pain 
intensity and EMG readings were obtained.

Hoyt et al. repvn that the two outcome variables were 
similar for subject in all three groups at baseline. After the 
intervention, only ±e group receiving a manipulation to the 
cervical spine demonstrated a reduction of headache severity of 
about 50%. on average, which was statistically significant.

EMG values were unchanged in all three groups TV 
first experimental report showing that a single ma " 
could have measurable and statistically greater benef" 
procedure or one that involved only low-level rnanu 
Unfortunately, the duration of this effect was not m 
any follow-up. As such, this treatment protocol does 
eralize to typical practice settings, and this study ^ 
regarded as a focused analytical experiment.

In 1982, Vemon reported on 33 subjects, 18 of wha 
in a prospective study of chiropractic treatment for« 
type headache (20). Statistically significant reductions] 
ache activity, as measured by frequency, duration and 
sity, were obtained in an average of nine treatment sess 
chiropractic manipulation directed principally to then 
spine. The average frequency was reduced from 13 to] 
aches per month. The average duration was reduced fa 
2 hr, and the average severity was reduced from 3.5 to| 
of 5. In addition, the mean satisfaction-with-care score, 
was obtained from an index of three Likert-scaled qu 
was 12.7 out of 15, indicating approximately 90%sai« 
with the treatment. Finally, subjects were asked to ini 
presence of four "autonomic" symptoms: nausea, 01 
tinnitus and aura. Of seven subjects reporting nausa 
treatment, 100% reported complete relief; of nine I 
reporting dizziness, 94% reported complete relief i 
treatment. These data were also statistically signified

Although only an uncontrolled study, this report m 
worthy on several accounts. First, it represented theft 
a prospective "cohort of tension headache sufferers was 
with standardized outcome variables using a standaidii 
come instrument, the headache diary. The outran 
analyzed separately and with appropriate statistical pn< 
The findings were reported with mean pre/post val 
variance levels were included. This last issue is end 
development of future robust studies. As a result ofl 
proach, the actual magnitude of improvement was <W 
for the first time, as opposed to the determination off 
ages of subjects who achieved certain percentages ofl 
as was the case for the few previous case series repo" 
the average dosage of treatment was determined »l 
future studies with this figure as a benchmark. Firfl 
titative data was reported on two associated autonoP 
toms, providing evidence that manipulation might W 
utary effect by inhibiting excess sympathetic activity! 
headache sufferers.

On the other hand, the inclusion criteria emp'°r 
study could have been more precise: at present, iti5 ' 
compare this cohort with other subject samples. Na* 
uncontrolled design could not provide a basis for* 
hypotheses of efficacy or effectiveness of manipul*

In 1985. Droz and Crot reported on a retrospect!1'' 
332 patients with "occipital headache" (taken h«e ' 
variant of tension-type headache) (21). The avera?' 
treatments rendered to these patients was nine. Ei?J 
of this sample h.id a clinical result rated as "veryg0'" 
than 90% relief), whereas 10% had a aood ^
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-inaining 10% had little or no relief. They noted that ihe vast 
lajority of successful cases had no more than 10-15 treat 
ments, establishing an upper limit on the effective treatment 
losage. They also reported no case of worsening or any ad-

• erse effect of spinal manipulation.
Obviously, this report suffers from the range of biases that 

.iffect any retrospective analysis, including strong selection 
liases and the fact that the investigators themselves provided 
he evaluations of their own care. Nonetheless, their results 
irovide some useful parameters for future investigations, par- 
icularly on the issue of effective treatment dosage.

In 1987, Turk and Ratkolb reported on 100 cases of chronic 
lonvascular headache (22). Once again, nine treatments of 
,pinal manipulation to the cervical spine produced clinically 
significant reduction of headache activity in 75% of subjects. 
This was reflected in reduced analgesic usage. Of great interest 
is the fact that these authors conducted a 6-month follow-up, 
something very rarely done in the literature under review here. 
At this point, 65% of subjects still had significant improve 
ment. This is the first finding that hints that manipulation might 
have its effect by correcting some underlying pain-producing 
disorder (itself most likely originating in the neck) and that this 
effect has an important durability.

In 1990, Jensen et al. reported on 19 subjects with post- 
traumatic headache (23). Seven men and twelve women, whose 
ages averaged 31 yr and whose average duration of complaint 
was 12 months, were randomly allocated to either manual 
therapy (n = 10) or ice packs (n = 9). In the manual therapy 
group, two treatments were rendered within 1 wk, consisting of 
mobilization and manipulation to the upper and lower cervical 
spine and to the upper thoracic spine. In the control group, two' 
sessions of ice treatment were rendered to the neck, each 
lasting 15-20 min.

The outcomes measured were: pain score, regional ranges of 
motion, segmental ranges of motion and the presence of ac 
companying symptoms (dizziness, visual disturbances and ear 
pain).

The first outcome interval was 2 wk after treatment. At this 
time, there was a 57% reduction of pain intensity measure 
ments and a 64% reduction in analgesic use in the manual 
therapy group as compared with the control group. This was 
statistically significant. At 5 wk, there was also a difference in 
these variables favoring the manual therapy group; however, it 
did not reach statistical significance. There was a positive 
correlation between pain index and the frequency of visual 
disturbances (r = .65, p < .02) and all three accompanying 
symptoms (r = .70, p > .01).

This study is one of the few randomized controlled trials in 
the literature. Investigators were blind to the allocation of the 
subjects, even though subjects were aware of their allocation. 
Although this study employed a small sample size, there was a 
clear clinically and statistically significant difference favoring 
the manual therapy treatment in reducing headache pain and 
accompanying symptoms. The finding of improvement in the 
accompanying symptoms (which seem to have a basis in au- 
tonomic dysfunction) is similar to Vemon's findings (20).

These favorable results are all the more remarkable given the 
relatively low dosage of treatment (i.e., 2 treatments over I 
wk).

In 1994, Whittingham et al. reported on 26 subjects (16 
women. 10 men) with chronic headache and upper cervical 
dysfunction (24). A self-control time-series design was em 
ployed to study the effect of four manipulations with the 
"toggle recoil technique." The treatments were delivered over 
a fixed period of 2 wk. After treatment, these mean findings 
were reported: 62% reduction in frequency, 779c reduction in 
duration and 60% reduction in severity of headaches. These 
variables were collected from a headache diary. •

This study is of particular interest to chiropractors because 
of the use, for the first time, of one of the unique manipulative 
techniques devised by chiropractors. The profession has cer 
tainly lacked empirical investigations of these different tech 
niques. That the improvements reported in this study (ranging 
from 60-77% reductions) were achieved in only four treat 
ments may indicate a particular effectiveness of this manipu 
lative approach. Of course, controlled and comparative trials 
are necessary to confirm this speculation.

In 1994, Mootz et al. reported on 11 men aged 18-40 yr 
who were suffering from chronic, episodic, tension-type head 
ache (25). Subjects were required to have at.Least four episodes 
per month. The study design was a prospective case series with 
a 2-wk, no-treatment baseline period and an 8-wk treatment 
period of 16 interventions. Treatments consisted of spinal 
manipulation to the cervical spine supplemented by myofascial 
trigger point therapy and moist, hot packs. This treatment 
protocol has excellent generalizability to typical practice ap 
proaches.

Mootz et al. reported statistically significant pre-post treat 
ment reductions in headache frequency (6.4 per 2 wk to 3.1 per 
2 wk), and duration (6.7 hr to 3.9 hr of headache). A strong 
trend toward a reduction of severity of headache (5.05/10 to 
3.37/10) just failed to obtain statistical significance. These 
findings are very similar to those of Vernon (20) and Whit 
tingham et al. (24).

In 1995, Boline et al. reported on a randomized comparative 
trial of chiropractic manipulation vs. amitriptyline in the treat 
ment of tension-type headache (26). This trial included 126 
subjects with an average headache duration of 6 yr. After the 
6-wk/12-treatment intervention stage, subjects in both groups 
demonstrated clinically and statistically significant reductions 
of headache activity as measured by the Blanchard Headache 
Diary (27), although neither group had statistically greater 
results than the other. However, at the end of a further 6-wk/ 
no-treatment follow-up phase, subjects treated with chiroprac 
tic manipulation had significantly less headache activity than 
those in the drug therapy group, whose headache activity began 
to approach the baseline level. This finding, like that of Turk 
and Ratkolb, may indicate that the benefit obtained by manip 
ulation was more durable, possibly by correcting some under 
lying disorder potentially responsible for the kind of headache 
suffered by a majority of these subjects. 

This study is the most robust of all the trials of manipulation
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for headache in regard to the strength of internal and external 
validity. Given that amitriptyline is a standard therapy for 
chronic tension-type headache, the finding that a course of 
manipulation provides relief comparable with that of the drug 
therapy should compel everyone's attention. The studies of 
tension-type headache are summarized in Table 1.

Migraine Headache .
Bartschi-Rochaix was the first to coin the term "migraine 

cervicale." Since then, the notion that migraine could be asso 
ciated with cervical dysfunction has tantalized chiropractic 
authors as well as those from osteopathy, manual medicine and 
even physiotherapy [see'review in (1, 2)] (28). Unfortunately, 
there have been relatively few empirical studies and only one 
randomized trial, which will be reviewed below.

In 1978, Wight reported on a convenience sample of 87 
patients (57 women, 30 men), 34 of whom were found to have 
what was then called "common migraine" and 53 had "classi 
cal migraine" (17). Wight presented the results of his own 
retrospective analysis of chiropractic treatment in this clinical 
sample. Eighty-five percent of women and 50% of men with 
common migraine obtained a "greatly improved" level, which 
corresponded to 80% or greater reduction in headache activity. 
For classical migraine sufferers, 78% of women and 75% of 
men achieved similar levels of improvement. The overall suc 
cess rate for both categories in both sexes was 74.7%. In those 
subjects not reporting a greatly improved status after treatment, 
a reduction of severe attacks was noted in 81.5% of women and 
45.8% of men in the common migraine group and 43.2% and 
34.5% of women and men, respectively, in the classical mi 
graine group.

This study suffers from all of the biases of a clinician's 
retrospective analysis of his own patients; however, it served a 
useful function as the first attempt to quantify the levels of 
improvement possible with this challenging condition in a 
typical clinical setting.

In 1978, Parker et al. reported on a randomized clinical trial 
of manipulation for migraine (29). Eighty-five subjects (52 
women, 33 men), with an average age of 41 yr and an average 
duration of complaint of 19 yr, were randomly allocated to one 
of three treatment groups: (a) chiropractic manipulation, (b) 
medical manipulation and (c) control/mobilization performed 
by physiotherapists. Seventy percent suffered from common 
migraine and the rest with classical migraine. Subjects were 
not stratified according to the type of migraine headache. 
Subjects underwent a 2-month baseline period, a 2-month 
treatment stage and a 2-month follow-up. An average of seven 
treatments were delivered in the treatment stage, or slightly 
less than one per wk.

The frequency of migraines was reduced by 40% in the 
chiropractic group. 34% in the mobilization control and 13% in 
the medical group. The overall improvement for all three 
groups was ZS^r. Only one of the study's hypotheses achieved 
statistical significance (at the .01 level): the severity of head 
aches was reduced to a greater level in the chiropractic group. 
The authors reported on an ill-defined variable that they termed

the "level of enthusiasm" of the patients and 
each group. This seems to be akin to the level of ou|. 
expectation that might have been held by each subject 
practitioner at the outset of the trial. A higher response» 
variable was noted (but not quantified) in the chirr™ 
group (both subjects and practitioners). Because of 1% 
authors concluded that the reduction of headache inij 
levels in the chiropractic-treated subjects could be attribn 
a placebo response.

A follow-up study was published in 1980, examinim 
psychosocial correlates to successful outcome in the oiij 
study (30). It was reported that, at 20-month follow^ 
further 19% of subjects had achieved a good recovery, J 
overall 47% success rate for all subjects. When the numi 
subjects who had achieved a complete recovery (n = 14) 
analyzed, 57% had received chiropractic manipulation, 
mobilization and only 7% medical manipulation. A simple 
test of these data revealed a statistically significant difla 
in favor of the chiropractic treatment.

Although the original study was indeed a randomized^ 
was not without its flaws. An understanding of this is \i 
tant, not so much for those who wish to use this study i 
sole measure of the benefit (or lack .of it) of the vi 
treatments, but for those who continue to seek hoid 
objective investigations in future, and who wish to impnH 
quality of future clinical trials. This study employed i 
lively small number of treatments (seven) delivered on 
extended period of time. This may very well have te 
insufficient dosage of treatment to produce a clinically! 
icant (never mind statistical significance) difference far 
one group or another. When one examines the data on tit 
of "chiropractic treatments" the participating chiropfl 
found acceptable to offer these subjects (including treat* 
"liver deficiencies," etc.), one cannot escape the conk 
that the optimum therapy might not have been offered ul

Clearly this study did not employ an effective control| 
in the classic sense of receiving a comparative (real* 
known low or no benefit. The control group actually* 
a manual treatment (i.e., mobilization), which seemedl 
some value. The differences between the groups Ml 
variables tested (regardless of whether the p-value wail 
.01) consistently favored chiropractic manipulation 
along with the relatively small sample size for a ttit» 
randomized clinical trial, indicates that this study suffc^ 
what we now know as low power to detect a clinically' 
tant difference favoring the chiropractic-treated gflf 
difference between chiropractic manipulation and noi^ 
lative manual therapy probably ranged from 10 to 20*' 
of the former, which would likely have reached * 
significance in a trial of suitable sample size. A1WJ 
graine subjects have a relatively high capacity fa* 
response, especially in the short-term, the results of* 
should be viewed as encouraging for the use of man*111 
in general and spinal manipulation in particular in** 
ment of migraine headache.

In 1989. Stodolny and Chmielewski reported on 3 |s
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»t>le I. Studies of the effect of manipulation on tcnsion-rype ln-adaches

Authors
Lewit (1971)
Lewit (1971) 
Vernon (1982)

Jirout (1985)
Drozand Crot (1985)
Turk and Ratkolb

(1987)
Jensenet a). (1991) 
Whiltingham et al.

(1994)
Mootzei al. (1994)

Boline et al. (1995)

Treaiers
MD
MD 
DC

MD
DC
MD

MD 
DC

DC

DC, MD

Dssicn
CS
CS 
CS

CS
CS
COH

RCT 
COH

COH

RCT

n
41
93 
33

200
332
100

19
26

11

126

HA
T-l
T-t 
T-l

T-t
Dec
T-t

PTH
T-t

T-t

T-t

Results
Manip. most effective
Vlanip. most effective 
85-90% success; pre/pos: Jiffs.

stalls, signif. 
80% success
80% success
75% success

Signif. diff. manip. vs. ice 
60-77% HA reduct. pre-post

diffs. statis. signif.
Statis. signif. reduction of

headache frequency anii
duration after chiropractic care

Manip > drug at follow -up

CS = case series; COH = cohon: RCT = randomized controlled trial; HA = headache; T-t = tension-type; PTH = post-traumatic headache.

with what they termed "cervical migraine" (31). It seems that 
their subjects conformed to the criteria for "migraine without 
aura" according to the International Headache Society Classi 
fication (3). Included were 24 women and 7 men, with an 
average age of 48 yr. The treatment protocol consisted of 2-3 
manual therapy sessions emphasizing manipulation to the cer 
vical spine. After 1 wk, they reported complete relief of head 
ache in 75% of subjects. Other findings included a statistically 
significant increase in range of cervical motion; greatly re 
duced levels of intersegmental dysfunctions, which had been 
found in 100% of subjects at CO-C1 and in 75% of subjects at 
C7-T1 and reductions of dizziness levels in most subjects.

Unfortunately, these authors did not employ pre/post com 
parison statistical analysis of headache variables such as fre 
quency, severity and duration. The categorical measurement of 
the outcome as "complete relief probably reflects substantial 
reductions in all three variables. Naturally, because no com 
parison or control group was employed, these results cannot 
confirm the causal correlation between the treatment and the 
outcome. On the other hand, these results are consistent with 
other uncontrolled reports that, when taken together, indicate a 
high rate (75-90%) of success in the reduction of headache 
activity after spinal manipulation. These three studies on ma 
nipulation in the treatment of migraine are summarized in 
Table 2.

DISCUSSION
Inasmuch as the strengths and weaknesses of this body of 

literature have been summarized above in the text and in the 
accompanying tables, and because this review was not in 
tended to quantitatively synthesize the evidence for manipula 
tion in the treatment of headache, the discussion will be con 
fined to the consideration of issues that will qualitatively 
improve future research in this area. First, much stronger 
emphasis will need to be placed on precision in categorizing 
the headache types to be investigated. The inclusion and ex 
clusion criteria of future studies should conform to the IHS 
Classification of tension-type, migraine-type, cervicogenic and

other headaches (cluster headache would certainly be an inter 
esting condition to investigate). Studies should be directed to 
one headache type only and should not lump vascular and 
nonvascular types together in the same study sample. This will 
strengthen the internal validity of studies by creating more 
homogeneous samples. It will also strengthen external validity 
by improving the generalizability of the results, thereby allow 
ing other health care providers to accept the findings based 
upon standardized headache groupings.

Researchers will need to pay much greater attention to 
design issues which strengthen the internal validity of their 
studies. Appropriate baseline phases should always be incor 
porated to establish stable pretreatment values. The treatment 
dosage should be sufficient to achieve a therapeutic effect, if 
one is to be found at alh The consensus in the previous studies 
is 9-12 treatments over a 2-month interval, at which point 
optimum results would be expected. Although^some studies 
have employed an appropriate baseline period, none have 
employed a fairly standard procedure used in other literature 
(drug and biofeedback studies), i.e., a waiting-list control 
group. This is a well-accepted method of creating a true no- 
treatment control group with which to test the efficacy of 
chiropractic manipulation while not unnecessarily withholding 
treatment.

Studies should employ standard outcome measures and in 
struments such as the Headache Diary. Results should be 
reported in terms of means and standard errors, and appropriate 
robust statistical testing should be done. This is in contrast to 
the categorical results such as "very good" or "complete relief 
that have appeared in some of the studies reviewed above. 
Sample sizes should be determined before the study, using 
variance results from those studies having reported these data. 
Sample sizes should be large enough so that the power of the 
study is large enough to detect clinically important differences 
regardless of the number of treatment groups.

Investigators must refine the diagnostic and assessment pro 
cedures used to characterize cervicogenic dysfunction in vari 
ous headache groups. Improved reliability and validity of man-



616 Journal of Manipulative and Physiological Therapeutics 
Volume !< -Number 9-November/December. 1995
Chiropractic Manipulation and Headache > Vemm

Table 2. Studies of manipulation in the treatment of migraine headaches

Authors
Wight (1978;
Parker et al. H978). (1982)
Stodolny and Chemielewski (1989)

Treaters
DC
MD, DC
MD

Design
CS
RCT
COH

n

57
85
31

HA
MIG
MIG
MIG

75% success
Manip. = 28% success.
75% success

Results

At 2-yr follow-up - 47% success

CS = case series; COH = cohort; RCT = randomized controlled trial; HA = headache; M1G = migraine.

ual palpatory procedures and those procedures used to 
determine tenderness in the suboccipital and cervical regions 
need to be established. I hope that this will improve the 
likelihood of determining beforehand who might benefit from 
manipulation, thus strengthening the inclusion criteria for ma 
nipulative trials.

Correlational studies of responders and nonresponders in 
any of the study designs (i.e., cohort or randomized trials) will 
aid in prognosticating on the successful outcome of manipula 
tion. The second study by Parker et al. was a good first attempt 
at this type of analysis. Future investigators should be encour 
aged to find good outcome predictors in a wide range of 
psychosocial and physical/functional variables. For example, 
does reduced range of cervical motion(s) imply an improved 
likelihood of success with manipulative therapy? Does a high 
level of paraspinal and suboccipital tenderness identify those 
who will respond well? These are the type of questions our 
clinical practitioners are eager to have answered.

Investigators are encouraged to test a wide range of impor 
tant clinical hypotheses. Innovative designs can begin to ex 
plore comparative studies between different modes of chiro 
practic treatment, expanding on the attempt by Whittingham et 
al. to study a specific chiropractic technique. Rotational ma 
nipulation could be compared to toggle recoil technique and 
others. Factorial designs can be employed to move beyond the 
typical "head-to-head" comparisons in which one treatment is 
tested against another. In these designs, unimodal treatment 
protocols, such as spinal manipulation alone, can be compared 
to multi-modal combinations of manual and other therapeutics. 
The motivating questions will evolve from "Does manipulation 
provide benefit to such-and-such headache group?" to "How 
do we improve the quality of care and the magnitude of benefit 
to headache sufferers?"

CONCLUSION
Only by evolving to this level of scientific quality will 

chiropractors really be able to determine if their therapeutic 
approaches truly offer anything of value to the vast number of 
headache sufferers awaiting our efforts. This is certainly a 
worthy goal.
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Cervicogenic Headache
(toward Vernon

Key Words Cervicogenic headache, tension headache, vertebrogenic migraine, 
convergence projection, central sensitization, central facilitation, 
aura

After reading ibis chapter you should be able to answer the following questions:

QUCStiOn #1 What is the most common level of motion segment blockage
(subluxation) found in subjects suffering "cervical headache"?

What is the proposed neuroanatomic basis of headache referred 
from the neck?

What cervical subluxogenic signs have been noted in headache 
sufferers?
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TI he role of the cervical spine in headache 
_L continues to be an unresolved controversy. 

In 1988, a spectrum of headache subtypes that 
might have some kind of cervicogenic involve 
ment was defined (1), (Figure 16-1). At that time 
the spectrum ranged from "tension headache 
with neck muscle pain" through "cervicogenic 
headache," defined in chiropractic terms as symp 
tomatic head pain and cephalic dysfunction 
caused by subluxation of a spinal joint, to a pro 
posed "vertebrogenic migraine." Coincidentally, 
in 1988, the International Headache Society 
(IHS) classification of headaches (2) published its 
report and, for the first time, recognized a head 
ache subtype known as cervicogenic headache 
(CH). The definition of CH according to the IHS 
classification is shown in the box on p. 305. This 
headache owes much of its definition to the work 
of Ottar Sjaastad and his colleagues (3-6), which 
first appeared in print in 1983.

In a subsequent publication (7), this very nar 
row definition of CH was challenged, and con 
trasted with the characteristic headache subtypes 
that chiropractic, manual medicine, osteopathic, 
and physiotherapeutic experts had addressed in 
the literature spanning the greater part of this 
century. The IHS version of CH was also con 
trasted with the headache subtypes that had been 
included in the clinical studies of the outcome of 
spinal manipulation, again, by the same array of 
practitioners. In these studies of both tension-type 
and migraine-type headaches (definitely different 
from the narrow IHS features of the CH cate 
gory), the results of manipulation to (presumably) 
some cervical spine dysfunction range from fair 
to excellent.

This leaves us with a quandary, asking the fol 
lowing questions: is there a putative cervical com 
ponent in tension-type and migraine-type head 
aches?; is it similar to or different from the dys 
function in CH?; and, do the results of manipula 
tion studies automatically imply the existence of a 
causative cervical component to these forms of 
benign headaches?

Alternatively, is there one kind of cervical 
component that might contribute to, or manifest 
as, different forms of headache experiences, and 
thus may be diagnostically labeled as different 
headache categories? This chapter explores this 
quandary with a clear bias toward accepting this 
alternate hypothesis. This is done by first briefly 
reviewing the results of clinical studies of spinal 
manipulation for headaches. Then, current 
research on pain mechanisms in CH is reviewed. 
Also, literature on findings of cervicogenic dys 
function in headache groups that are clearly not 
IHS-CH is reviewed. Finally, the argument is 
made for the alternative hypothesis: that subluxa- 
tion/dysfunction of the spine makes a significant 
contribution to the cause of a number of benign 
forms of headache.

In 1991, a review article of all studies of manipu 
lation for the treatment of headaches (7) summa 
rized the work extent to 1988.

This work is summarized in Table 16-1. Since 
that time, only two treatment studies employing 
manipulation have appeared in the scientific liter 
ature; only one of them in a peer-reviewed publi 
cation. In 1989, Stodolny and Chmielewski (8) 
reported on 31 subjects (24 women, 7 men; aver 
age age, 48 years) with "cervical migraine." They 
employed tests for intersegmental blockage and 
found that 100% of subjects demonstrated spinal 
motion segment blockage at CO-C1; 75% at 
C7-T1, and 25% between C1-C2 and C3 (see 
Cervicogenic Dysfunction). The treatments con 
sisted of two to three manual therapy sessions, 
largely employing manipulative techniques. They 
reported results at the end of 7 days that 
included:
• Complete relief of headache in 75% of subjects
• Average increases of cervical range of motioa 

of 9° (statistically significant)
• Fixations reduced in 28 of 31 subjects
• Reports of dizziness in subjects greatly reduced

There was no further follow-up reported. 
Obviously, no control comparison or blinding of
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figure 16-1 Types of headache with involvement of the cervical spine. (From Vemon HT. Vertebrogenic headache. 
In: Vernon HT, ed., Upper Cervical Syndrome. Chiropractic Diagnosis and Management, 1988.)

the assessors was included in their protocol, so 
their results must be interpreted cautiously, all the 
more so because of the short treatment period.

In 1992, Boline and Nelson (9) reported at a 
scientific meeting on the progress of their ran 
domized comparative trial of chiropractic manip 
ulation and the antidepressant drug amitryptiline 
in the treatment of "muscle contraction head 
ache." This trial included 150 subjects (87 wom 
en, 63 men) with an average headache duration 
of 6 years. After the 6-week treatment phase, sub

jects in both treatment groups demonstrated clini 
cally and statistically significant reductions of 
headache activity. Neither group had statistically 
greater reductions than the other. However, at the 
end of a further 6-week no-treatment follow-up 
phase, subjects treated with chiropractic manipu 
lation had significantly less headache activity than 
those receiving drug therapy, possibly indicating 
that the benefit obtained by chiropractic manipu 
lation was more durable and may have corrected 
some of the underlying causative (but still poorly
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International Headache Society 
Classification of Cervicogenic Headache 
Diagnostic Criteria

understood) mechanisms for the kind of head 
aches suffered by these subjects.

When one combines rfiese data with those of 
the previous studies, it can still be concluded that 
spinal manipulation appears to provide clinically 
significant levels of relief for benign headache 
types in patients who receive the treatment. 
Unfortunately, the lack of controlled studies pro 
hibits any firm conclusions regarding the efficacy 
of the treatment. Additionally, it is virtually 
impossible to assert the conclusion that relief of 
headache by manipulation proves the hypothesis 
that spinal dysfunction (presumably the target of 
the manipulative treatment) causes or is associ 
ated with these forms of headache. This is 
because, although correction of the causative

agent is one acceptable hypothesis to explain 
these results, other equally plausible explanations 
exist, including the strong placebo effect that is 
typically generated in headache patients, the nat 
ural history effect, and the selection bias. Once 
again, controlled studies are required for theoreti 
cal and pathophysiologic conclusions, as well as 
conclusions regarding clinical efficacy, to be 
drawn.

Mechanisms of Pain in Cervicogenic 
Headache
In 1988, a vertebrogenic model of headache was 
presented, (1) which contained four categories: 
(1) extrasegmental, referring to the long regional 
myofascial structures such as the trapezius and 
long extensor muscles, the ligamentum nuchae, 
and the interface between the occipitofrontalis 
muscle and these regional cervicothoracic struc 
tures; (2) intersegmental, referring to the three- 
joint complexes of C2-C3-C4 and the articula 
tions of CO-C1-C2, with their ligaments and 
deep intersegmental muscles; (3) infrasegmental, 
referring to the nerve structures in and around 
the intervertebral foramina, and, in the cervical 
spine, lying near the lateral portions of the verte 
brae (in other words, the sympathetic trunk, the 
vertebral nerve, the C2 dorsal root ganglion, the 
greater, lesser, and third occipital nerves, and die 
sensory roots of Cl); and, finally, (4) intraseg- 
mental, referring to the spinal cord and medullary 
dorsal horn with the nucleus subcaudalis of the 
trigeminal nerve.

Much has been learned about these mecha 
nisms since 1988, centering on the pain pathways 
of the upper cervical cord and their convergence 
on cells in the nucleus subcaudalis, a mechanism 
called by Bogduk (10) the trigemino-cervial 
nucleus (Figure 16-2).

Upper cervical cord and trigeminal nude* 
subcaudalis neurons are particularly responsive^ 
deep nociceptive inputs that, as Hu has sw 
"unmask or strengthen ... central somatosens<"? 
neuronal relays of convergent afferent inputs IP
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Summary of Clinical Studies of Spinal Manipulation for Tension Headache and Migraine

Authors

Lewit (1971)

Lewit(1971)

Vernon (1982)
Jirout (1985)
Droz and Grot
(1985)
Turk and Ratkolb
(1987)
Boline et al.
(1993)
Wight (1978)
Parker et al.
(1978, 1982)

Stodolny and
Chmielewski
(1989)

Treators

A

A

B
A
B

A

B

B
AandB

A

No. ol
Subjects

41

93

33
200
332

100

150

57
85

31

Headache

T-t

T-t

T-t
T-t

Occipital

T-t

T-t

Mig
Mig

Mig

Results ,. < .•'•£$$$

Manipulation most "~?i
effective . i^S
Manipulation most
effective' -"Jl|
85%-90% success vf
80% success '••"'•?&
80% success v(^

75% success ";7;
- =.;ti

Manipulation > drug''*
at follow-up
75% success
Manipulation = 28%
success initially
47% at 2-yr - " '
follow-up j
75% success

: ^

A, Medical Doctor; B, Doctor of Chiropractic; T-t, tension-type; Mig, migraine
Adapted from Vemon HT. Spinal Manipulation and headaches of cervical origin: A review of literature and presentation of
cases. Manual Medicine 1991; 6:73-9.

normally are relatively "ineffective" ("silent" 
[11]) in exciting (these) neurons" ([12] p. 72).

As such, deep nociceptive inputs are particu 
larly effective in creating the most significant 
increase of cutaneous hypersensitivity and an 
increase in the receptive fields of dorsal medullary 
horn neurons. In clinical terms, this underlies 
several important features of deep tissue pain, 
including its poor localization (explained by mul- 
ticonvergence on numerous central neurons), 
hyperalgesia (so-called secondary hyperalgesia), 
spread of hyperalgesia, and its referral to 
distant cutaneous regions. All of these phenom 
ena are well-known attributes of myofascial and, 
in particular, spinal pain syndromes. These are 
also all important components of myofascial dys

function and pain referral likely to be operative in 
headache of cervical origin.

Deep pain inputs activate local and, in some 
cases, distant muscles, presumably in some kind 
of early protective response. However, it can be 
presumed that this muscular reactivity con 
tributes to the pain and dysfunction of clinical 
syndromes involving the neck and jaw articula 
tions.

There is a complex neurochemical control of 
these mechanisms that balances inhibitory and 
excitatory influences within the entire sensorimo- 
tor system involved with cephalic and facial pain.

All of these mechanisms are consistent with 
the phenomenon of central sensitization, which 
has been demonstrated previously in spinal sys-
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Substantia
gelatinosa &
frigemina

nucleus
overlap

Figure 18-2 The trigeminocen-ical nucleus (From Hooshmand H. Chronic pain. London: CRC Press, 1993:52.)
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terns (13). This phenomenon is consistent with 
the model of neuroplasticity proposed by Dubner 
and Ruda (14), in that changes in central process 
ing of nociceptive transmission contribute to the 
development and prolonged maintenance of the 
pathophysiology associated with pain arising 
from deep somatic tissues.

pain. These are the mechanisms thought for many 
years by chiropractors to arise from the subluxa- 
tion or dysfunction state of the vertebral motion 
segment. Certainly this is consistent with the 
older model of "central facilitation" proposed by 
Korr and his colleagues (18) and adhered to by 
several generations of chiropractors.

Implications for Headache of Cervical 
Origin
Central sensitization provides a mechanism to 
explain the clinical phenomena seen so regularly 
in headache sufferers of (1) persistent somatic 
pain; (2) pain referred from the cervical spine or 
posterior occipital region into the frontoorbital 
regions being perceived as "headache," but, in 
fact, being referred neck pain; (3) tender hyperal- 
gesic muscle zones ("trigger points"), which often 
expand as the headache pain increases; (4) mus 
cular tension in the deep suboccipital, superficial 
occipital, and craniofacial muscles, which has, for 
many years, been thought to be the sole basis of 
muscle contraction or tension-type headache (15).

Conversely, the mechanism of "convergence- 
sensitization-projection" also serves to explain 
how pain arising from intracranial structures 
such as posterior cerebellar tumors or the intra- 
cerebral blood vessels (as proposed by Moskowitz 
[16] in the case of migraine) may be referred to 
the posterior occipital and suboccipital regions, 
masquerading as cervical pain.

In summary, the trigeminocervical nucleus 
and the extensive afferent convergence from 
numerous craniocervical peripheral tissues onto 
these second-order neurons (a phenomenon called 
convergence-projection [17]) serves to explain the 
neuroanatomic basis of headache referred from 
the neck. The neurophysiologic basis of such pain 
referral, particularly from inflammatory pain aris 
ing from the posterior suboccipital muscles and 
joints, is explained by the phenomenon of "cen 
tral sensitization" and the neuroplastic changes 
that these second-order neurons undergo in 
response to prolonged peripheral deep somatic

Cervicogenic Dysfunction in Headache
In the final section of this chapter, evidence for 
the spinal subluxation phenomenon in groups of 
headache sufferers is explored.

A 1992 report (19) on Cervicogenic dysfunc 
tion in muscle-contraction (that is, "tension-type" 
[TTH]) and common migraine (that is, "migraine 
without aura" [MWA]) defined the components 
of Cervicogenic dysfunction, and the literature up 
to 1988 was reviewed in defence of the notion of 
a broad, highly prevalent basis- of Cervicogenic 
dysfunction in headache. A 1991 report (7) also 
addressed how this high prevalence of cervico- 
genic dysfunction in these types of headaches 
argued against the position adopted by the IHS 
(based principally on the work of Sjaastad and 
his colleagues (3-6) that "cervicogenic headache" 
was a narrowly defined, infrequently encountered 
form of headache.

In the 1992 report, die components of cer- 
vicogenic dysfunction were outlined as follows:

1. Hypomobiliry—variously termed subluxa 
tion, joint blockage, segtnental dysfunction, 
fixation

2. Tender points in the soft tissues—variously 
called tender muscle points, trigger points, 
hyperalgesic zones

3. Reduced regional ranges of cervical motion
4. Radiographic findings of: 

a. Static misalignment 
b. Dynamic intersegmental abnormality

Two other features should be added to this 
list now:

5. Static segmental misalignment on palpation 
(most often, Cl or C2 is cited)
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6. Static malposition of the head and neck 
(specifically, anterior carriage of the head and 
low rounded shoulders)
The reader is directed to the 1992 report for a 

review of the literature supportive of each of 
these components before 1988. The recent litera 
ture (with a few notable exceptions) is now 
reviewed.

Hypomobility
In 1985 and 1986, Jull (20,21) had reported on 
both the reliability of upper cervical joint motion 
palpation and its use in headache subjects to 
determine the lesioned segment. The comparison 
between headache and nonheadache subjects (21) 
showed dysfunction at CO-Cl, Cl-2, and C2-3 
in 60%, 40%, and 55% of headache subjects, as 
compared with 5%, 12%, and 22%, respectively, 
in controls. These palparory findings were con 
firmed by Jull,' Bogduk, and Marsland (22) and 
Dwyer et al. (23) using diagnostic anesthetic 
blocks as the gold standard.

In the 1992 report by Vernon et al., three 
motion palpation procedures (as described by 
Fligg [24]) were used: A-P glide, rotation, and lat 
eral flexion. A major blockage in either of these 
three procedures on eidier side at CO-C3 was 
indicative of segmental fixation.

It was reported that no subject in either the 
tension-type or migraine group had fixations at 
none of the upper cervical segments, whereas 
only 16% in each group had a fixation at only 
one level. In the tension-type group, 54% had fix 
ations at two levels and 30% at all three, whereas 
for migraine subjects these figures were 42% and 
42%, respectively. In both groups 84% had a fix 
ation at at least two of three upper cervical seg 
ments.

In 1993, Watson and Trott (25) used multiple 
outcomes (others are discussed later) to assess 
cervical headache subjects. They reported on the 
reliability of posterior-to-anterior glide palpation 
in 12 of their subjects examined on two occasions 
by the same examiner, with Kappa values ranging 
from 0.67 to 1.0, depending on the segment. 
They also included as positive signs of joint dys

function the presence of tenderness and muscle 
stiffness (see later discussion). When all three 
signs—fixation, tenderness, and palpatory stiff 
ness—were included, far more positive findings 
were found in headache subjects (N = 30) than in 
controls (N = 30). The most prevalent level was 
CO-Cl.

Craniovertebral Tender Points
Tenderness to palpation of the skin (26) and deep 
tissues of the craniovertebral and paraspinal 
region is the most commonly reported sign of 
headache of cervical origin. Virtually every rele 
vant author has reported on the subject, from 
Lewit (27), who reported on "pain over the pos 
terior arch of atlas," to Sachse et al. (28), who 
reported similar suboccipital and scapular tender 
ness, to Graff-Radford et al. (29) and Jaeger (30), 
who have reported on the numerous cervical ten 
der points that serve to perpetuate myofascial 
head pain, to Sjaastad et al. (3,4), who report on 
the high prevalence of tenderness at C2-3. Bou 
quet et al. (31) reported on 24 cervicogenic 
headache sufferers, 21 of whom had an ipsilateral 
trigger point at C2-3. They also commented on a 
frequently rotated and enlarged C2 spinous 
process, evidence of some static misalignment 
that typically accompanies the spinal subluxation. 
In Jaeger's report on 11 cervicogenic headache 
sufferers, tenderness and misalignment around 
the transverse process (TXT) of atlas were the 
most frequent palpatory findings.

In the 1992 report, the pressure algometer 
(32) was used to verify true tenderness in cervical 
tender points in tension-type and migraine-with- 
out-aura sufferers. This type of assessment has 
been used with great success by fibromyalgia (33) 
and headache (34) researchers. In fact, the IHS 
classification (2) includes the presence (or 
absence) of pericranial tender points as part of 
the subclassification of tension-type headaches.

The 1992 study reported on the prevalence of 
six standard craniocervical tender points in these 
headache groups, namely:
• Medial occipital brim
• Lateral occipital brim (near the TVP of atlas)



314 The Subluxation Syndromes

Tender Points: Prevalence of 
Cervicoscapular Tender Points in 
Tension-type and Migraine Patients: 
Distribution by the Number of Points

Headache groups
No.oJTPs CM MCH Total

6
5
4
3
2
1
0

8
16
4
28
20
16
8

10
5
10
25
25
10
15

9
11
7
27
22
13
11

Spearman r = .98, P < .05.
From Vemon et al. Cervicogenic dysfunction. J Manipu 
lative PhysioITher 1992; 15:425.

• Suboccipital (Cl-2)
• Midcervical (C2-3)
• Trapezius
• Levator scapulae

Table 16-2 shows the distribution of numbers 
of tender points (bilateral points counted as 1; 
therefore, the maximal count was 6) in the two 
headache groups. Eighty-five percent (85%) of 
TTH had at least one; 75%, at least two; and 
50% had four or more. In the migraine group, 
these figures were 92%, 76%, and 44%, respec 
tively, indicating a high prevalence of tender 
points in both groups. Table 16-3 shows the most 
prevalent locations, showing a strong (pre 
dictable) prevalence for the upper cervical region.

The findings of Watson and Trott (25), in 
which detection of joint dysfunction in headache 
(HA) subjects and non-HA subjects included 
pressure palpation for tenderness, were described 
above. Again, this procedure was found to have 
good intraexaminer reliability, and was found to 
distinguish HA subjects from non-HA subjects with 
higher prevalence of findings in the HA subjects.

Finally, tenderness to palpation has been used 
as one of the cardinal signs by Bogduk and his 
colleagues (20-23) to locate the level of 
zygapophyseal joint dysfunction potentially 
responsible for neck piin and headache. These 
tenderness findings correlate very well with the 
signs of joint hypomobility previously discussed. 
This combination of tenderness and hypomobility 
(as with Watson and Trott) correlate very highly 
with joint blockades used as a gold standard for 
diagnosis, and are used with greater frequency 
(35,36) as a successful therapy in headaches.

A finding associated with muscle tenderness is 
increased muscle stiffness. In 1992, Vernon and 
Gitelman (37) reported on a single case of bilat 
eral TTH with cervical dysfunction. Pressure 
algometry showed clinically significant tenderness 
bilaterally in the suboccipital region. Muscle stiff 
ness of the midcervical paraspinal and trapezius 
muscles was measured using Fischer's tissue com 
pliance meter (38). Higher than expected values 
were found in both muscle sites.

Tender Points: Distribution of 
Cervicoscapular Tender Points in 
Tension-type and Migraine Patients: 
Distribution by the Location of Points

Headache groups
Location 
olTP

Midcervical
Lateral-occipital
Suboccipital
Trapezius
Levator scapula
Medial-occipital

CM

91
68
64
55
32
23

MCH

78
56
56
39
33
17

Total

85
63
60
47
32
20

Spearman r = 1.00, P < .05.
From Vernon et al. Cervicogenic dysfunction. J Manipu 
lative Physiol Ther 1992; 15:425.
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Sakai et al (39) used a computerized compli 
ance meter in a comparison of 37 TTH subjects 
and 63 normals. In 65% of HA subjects there 
was significantly increased trapezius stiffness, 
whereas the overall mean values (756 + 121 ver 
sus 538 + 89) significandy distinguished headache 
from control subjects. An orally administered 
muscle relaxant gready reduced this increased 
stiffness in headache subjects, implying that 
active tension contributed to the stiffness.

It is evident that the more recent studies of 
myofascial dysfunction (pain/tenderness and stiff 
ness) employ more sophisticated methodologies 
and instrumentation and are being conducted in 
case-control design formats. The findings of these 
studies even more strongly substantiate the clini 
cal and empirical experience of a high prevalence 
of craniocervical tenderness in headache sufferers, 
which is strongly associated with other signs 
(including misalignment and joint hypomobility) 
of spinal segmental subluxarion. Studies that also 
employ manipulation or joint blockade have, by 
the relief of symptoms obtained, further impli 
cated cervicogehic joint dysfunction in the cause 
of headache.

Radiologic findings of Cervicogenic 
Dysfunction
Pfaffenrath et al. (40) used a computer-aided 
method of analyzing segmental cervical motion 
on flexion-extension radiographs. They found a 
statistically higher incidence of restrictions at 
CO-C1 in Cervicogenic headache subjects as com 
pared with normal controls.

In a 1992 report on TTH and MWA subjects, 
a similar method that rated segmental movement 
against the normative data from Dvorak et al. 
was used (41). In addition, Penning's method (42) 
was used for CO-C1 (with Fielding's norms for 
flexion and extension at CO-Cl). The mean ± 1 
SD (standard deviation) for occipital flexion in 
both headache groups was 3.17° ± 2.24°; whereas 
for extension it was 10.6 ± 7.7°. The percentage 
of subjects showing reductions in motion below a 
lower cutoff for normal (-1 SD) was 90% for

flexion and 70% for extension. These result) 
agree with those of Pfaffenrath et al.

For the rest for the cervical spine, a patten 
emerged of greater hypermobility at C1-C2, a^j 
hypomobility at C4-5-^6.

Finally, regarding the neutral cervical curve, ii 
was found that 77% of all subjects had a sub. 
stantial reduction (quasialordotic or fully alon 
dotic) or abnormal reversal of the cervical lordoi 
sis.

Nagasawa et al.'s (43) recent report adds fa. 
ther to our knowledge of changes in cervical 
function in headache sufferers as determined b; 
x-ray analysis. They compared 372 TTH subjects 
with 225 normal controls. They found a statist^ 
cally significant reduction of the neutral curve ai 
measured by a "cervical spine curvature index 
(14.6 + 11.9% versus 19.4 + 11.1%, P < .001) 
They also found that segmental instability wai 
less frequent in TTH than in controls. Finally 
they found a higher frequency of low-set (in othel 
words, rounded) shoulders in TTH (57.5%) vtf 
sus controls (41.8%, P < .01, x2 = 16-6). These 
findings confirm that TTH sufferers have signi 
cant cervical postural and segmental motion 
abnormalities, typical of subjects whose head 
aches would be labeled as " cervicogenic."

Cervical Posture, Muscular Weakness, and 
Range of Motion
Watson and Trott (25) studied 60 subjects, 3! 
with recurrent cervical headache (a combinatiot 
of TTH, MWA, and "cervicogenic" HA) and X 
controls. They studied: (1) the degree of antefiu 
head carriage, which they measured photograph 
cally, (2) the isometric strength and endurance o; 
the upper cervical flexor muscles, measured ty 
strain gauge dynamometry, and (3) the preset 
of "joint dysfunction," by combining manual $ 
patory findings of restricted joint play, tendernd 
and stiffness (as described above).

They found a smaller mean angle of forwad 
head position (FHP) in headache sufferers {& 
is, a straightened cervical spine). As «£' 
headache sufferers had smaller strength v»W
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and smaller endurance values of upper cervical 
flexors. These findings correlated well with the 
degree of FHR They concluded that FHP 
increases the load on the posterior muscles that 
rotate the head (occiput) backward to maintain 
the orthostatic horizontal position of the eyes. 
This, 'in turn, weakens the antagonist muscles 
(upper cervical flexors) and contributes to upper 
cervical joint and myofascial dysfunction, ulti 
mately leading to upper cervical pain. This noci- 
ception reinforces the local muscle spasm (as 
found experimentally by Hu et al [12]) and cre 
ates a vicious cycle of pain, spasm, altered 
mechanics, pain, etc., all leading to the potential 
for referred cranial pain.

Further evidence for the development of 
regional muscular stiffness and reduced range of 
cervical motion comes from Kidd and Nelson's 
report (44), using a very simplistic observer's 
evaluation of neck ROM in 64 subjects, 37 with 
and 37 without benign headache. The headache 
sufferers more frequendy had a reduction of two 
or more ranges of motion.

All of these findings combine to create a com 
posite of cervicogenic dysfunction, much of 
which has been observed in noncervicogenic-type 
headache sufferers (for example, TTH and 
MWA). This profile includes regional alterations 
in anterior head posture, straightened cervical 
curve and low-set shoulders, regional muscular 
stiffness and reduced ROM, upper cervical sub- 
luxogenic signs including misalignment, joint 
hypomobility, and frequent segmental myofascial 
tenderness. The high potential for upper cervical 
pain to occur, not only unilaterally, but bilater 
ally, creates potent opportunities for cranial pain 
referral.

Summary
The literature on headaches of cervical origin has 
been reviewed, focusing on three areas: (1) the 
results of studies employing manipulation and 
facet or neural anesthetic blockade, (2) recent 
advances in the understanding of craniocervical 
pain mechanisms, and finally (3) recent studies of

cervicogenic dysfunction in several categories of 
headache, including TTH, MWA, and "cervico 
genic." This chapter author believes the current 
IHS approach to "cervicogenic headache" is too 
narrow and will create many false misattribu- 
tions, typically in die direction of underdiagnos- 
ing the cervicogenic component of a great many 
more benign headache conditions.

In conclusion, this chapter author would reit 
erate the 1988 (1) model of vertebrogenic 
headache, modifying it slighdy, as follows:

.. . there are likely three categories of benign 
headache:

1. Those in whom the cerricogenic component is 
etiological. This group, ideally, will derive pri 
mary benefit from spinal manipulative therapy 
(SMT) or other treatments aimed at cervical 
dysfunction;

2. Those in whom the cervicogenic component is 
secondary but synergistic. This group ideally 
could derive significant benefit from SMT in 
conjunction with other therapeutic measures; 
and,

3. Those in whom the cervicogenic component is 
negligible, reactive or fully absent. This group 
would derive little if any benefit from SMT.
As in 1988, it is still the case today that only 

careful yet comprehensive research, taking full 
account of cervicogenic dysfunction, will ulti 
mately determine the validity of this model.
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ABSTRACT
Objective: To determine if the activity of 

jaw and neck muscles in a rat model is influ 
enced by the application of small-fiber irritant 
mustard oil to meningeal/dural vascular tis 
sues.

Design: Controlled animal experiment.
Setting: University neurophysiology laboratory.
Interventions: Applications of mineral oil (vehicle 

control) and mustard oil to exposed meningeal/dural vas 
cular tissues.

Main Outcome Measure: Electromygraphic (EMG) recordings 
from deep suboccipital muscles, bilaterally, and the left trapezius 
and left masseter muscles.

Results: Mineral oil evoked no EMG responses in any muscles.

The incidences of mustard oil-evoked EMG 
increases were 100%, 100%, 89% and 78% 
for left deep neck, right deep neck, left tra 
pezium and left masseter muscles,' respec 
tively. The durations of EMG responses were 

(mean ± SD) 19.2 ± 6.6 min, 17.3 ± 7.5 min, 
14.5 ± 6.8 min and 12.7 ± 8.5 min, respec 

tively.
Conclusions: These results document that menin 

geal/dural vascular irritation leads to sustained and 
reversible activation of neck and jaw muscles that may be 

related to the clinical occurrence of muscular tension and pain 
associated with certain types of headaches, particularly 
migraine. (J Manipulative Physiol Ther 1995; 18:577-81).

Key Indexing Terms: Electromyography (EMG), Muscles. Neck, 
Pain, Meningeal Tissue. Animal Study.

INTRODUCTION
The etiology of headache is unclear (1). Tension headache 

and cervicogenic injury-induced headache are common forms 
of headache and have been treated routinely by spinal manip 
ulation (2). Involvement of meningeal/vascular tissue in ten 
sion headache or other forms of headache is uncertain (2), but 
the inclusion of neck muscle tension is a common clinical 
occurrence in many forms of headache. Anatomically, the 
peptide-rich, unmyelinated, C-afferent fibers innervate menin- 
geal blood vessels (3); the central terminals of these trigemi- 
novascular fibers are located within the trigeminal subnucleus 
caudalis (4). Activation of trigeminovascular fibers triggers 
neuronal responses within brain regions previously associated 
with the transmission of trigeminal (V) nociceptive informa 
tion (4) and could potentially provoke abnormal muscle activ 
ities or tensions. Currently, there is no evidence to support a 
physiological or anatomical connection between neck muscle 
activity and meningeaVvascular abnormality. This connection
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could be one of the primary manifestations of the headaches, 
especially in the case of migraine. Moskowitz pointed out that 
(sterile/neurogenic) inflammation of meningeal tissue may be a 
cause of headache (4). Sumatriptan is especially effective 
against migraine headache (and somewhat effective on other 
types) because of its inhibitory action on the serotonin system; 
it blocks the neurogenic inflammation and nociceptive infor 
mation transmission that is involved in the V pathway, includ 
ing trigeminal subnucleus caudalis. Thus, hyperactivity in neck 
muscles may be an important clinical symptom associated with 
many forms of headache.

Our recent studies have provided evidence suggesting neu- 
roplasticity of the V brainstem complex and of the brainstem 
mechanisms underlying muscle, temporomandibular joint 
(TMJ) and cutaneous (e.g., facial) pain (5-9). These single-unit 
recording studies have focused especially on the V subnucleus 
caudalis because it has been implicated in craniofacial deep 
pain mechanisms. These studies also suggest that deep (muscle 
and TMJ) nociceptive inputs are especially effective in induc 
ing deep and cutaneous mechanoreceptive field (RF) expan 
sions of nociceptive neurons, whereas the cutaneous nocicep 
tive inputs induce only cutaneous RF expansion (10). These RF 
changes, which may be accompanied by increased spontaneous 
activity and excitability to evoke afferent inputs, seem to 
reflect a "central sensitization" (6, 7, 11, 12).

We have also demonstrated the presence of prolonged in 
creased muscle activity [measured by electromyography 
(EMG)] associated with deep tissue injury and/or inflamma 
tion. These EMG studies have been carried out on anesthetized
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Table I. EMG increases evoked by mustard oil application to meningeal/vascular tissue

Muscle
Left deep neck 
Right deep neck 
Left trapezius 
Left masseter

Incidence
100% 
100% 
89% 
78%

Area (mV-sec)"
21.4 ± 21.1 
13.6 ± 13.3 
8.5 ± 8.0 
4.2 ± 5.5

Duration (min)
19.2 ± 6.6 
17.3 ± 7.5 
14.5 ± 6.8 
1 2.7 ±8.5

Latency (minP'
1.2 ± 2 ^~* 
2.8 ±3.7 
2-1 ±3.1 
1-3 ± l.g

" Values under area, duration and latency are represented as mean ± SD.

inflammation activates small-diameter afferent fibers distrib 
uting in either meningeal or vascular tissues. Moskowitz pro 
posed that the sterile/neurogenic inflammation of meningeal 
tissue may be a cause of headache, especially in cases of 
migraine (4). The prolonged inflammatory process that was 
triggered by mustard oil may cause the release of inflammatory 
mediators, such as substance-P (bradykinin), to a certain crit 
ical concentration that activates the nociceptive afferents. 
Thus, inflammation may have a role in the activation of the 
nociceptive afferent; however, this effect may take much 
longer (> 30 min) than the time span employed in this study.

Mustard Oil

,£&....;....;,

<
o

S, 9

5

I re
1

3

Left Masseter

Left Deep Neck

Right Deep Neck

Left Trapezius

10 20 30 
Time (min}

40 50

Fig. 1 EMG changes evoked by application of mustard oil to the 
meningeal/vascular tissues. Each data point represents the mean ± 
SD of the normalized values relative to the mean value of the preap- 
plication EMG activity (= 700%. baseline EMG activity) in each rat. 
Dashed line indicates the application time of mustard oil to menin 
geal tissue. * p < .05 (t test)

Because the pattern and time course of the meningeal/vasm 
activation by noxious stimulation is similar to those obsen 
in TMJ (14), tooth pulp (8) and the paraspinal neck region (1 
the most likely explanation for this EMG activity increasj 
the result of the "central sensitization" (6, 7, 11, 12) of 
trigeminal second order nociceptive neurons (7,8). Afterini 
excitation, the EMG activity may be subjected to an enda 
nous modulatory process, such as opioid suppressive mw 
nisms (13), to reduce its activity back to the baseline.

Furthermore, meningitis caused by bacterial infection) 
produces inflammation in the meningeal/vascular tissue; it 
the physician depends upon the subtle signs of meningitis,si 
as a feeling of stiffness in the neck (23). Our present res 
also show the implication of the stiff neck meningitis syi 
torn. It is interesting to find that the trapezius muscle pradii 
a higher peak (normalized) of mustard oil-induced effectsll 
other muscles. The reason for this finding is still unclear. ( 
possible reason is that these deep neck muscles are usa 
engaged in posture maintenance; thus, these muscles rraiil 
a higher tonic activity, whereas the trapezius remains qn 
cent. This difference in muscle activity between different!! 
muscles may explain the present results. Meningeal/vasfl 
inflammation induced by mustard oil may result in aciivfl 
of small-diameter nerves in associated dural/vascular lisa 
In turn, trigeminal, spinal-subnucleus, caudalis is activated 
and triggers a neural pathway to activate the C1-C3 nv 
neuronal pool. The existence of this latter pathway is 
speculative; however, this study provides solid experit* 
evidence to demonstrate this reflex pathway (14). We still t 
to apply local anesthetics to the dural/vascular tissue befoR 
application of mustard oil to prove that this EMG activil 
reflex-based.
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Involvement of NMDA receptor mechanisms in jaw electromyographic
activity and plasma extravasation induced by inflammatory irritant

application to temporomandibular joint region of rats
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Summary The aim of this study was to examine the possible role of /V-methyl-D-aspartate (NMDA) receptor mechanisms in re 
sponses induced by the small-fibre excitant and inflammatory irritant mustard oil injected into the temporomandibular joint (TMJ) region 
of rats. The effects of the non-competitive NMDA antagonist MK-801 were tested on the mustard oil-evoked increases in electromyog 
raphic (EMG) activity of the masseter and digastric muscles and Evans Blue plasma extravasation. Five minutes before the mustard oil 
injection. MK-801 or its vehicle was administered systemically (i.v.), into the third ventricle (i.c.v.), or locally into the TMJ region. Com 
pared with control animals receiving vehicle, the rats receiving MK-801 at an i.v. dose of 0.5 mg/kg (n = 5) showed a significant reduction 
in the incidence and magnitude of EMG responses as well as in the plasma extravasation evoked by mustard oil; MK-801 at an i.v. dose of 
0.1 mg/kg (n = 5) had no significant effect on plasma extravasation or on the incidence and magnitude of EMG responses but did signifi 
cantly increase the latency of EMG responses. An i.e. v. dose of 0.1 mg/kg (n = 5) or 0.01 mg/kg (n - 5) had no significant effect on plasma 
extravasation or incidence of EMG responses but did significantly reduce the magnitudes of the masseter EMG response; the 0.01 mg/kg 
dose also significantly increased the latency of the digastric EMG response. The magnitudes of both the masseter and digastric EMG re 
sponses were also significantly reduced by MK-801 administered into the TMJ region at a dose of 0.1 mg/kg (n = 5) but not by 0.01 mg/kg 
(n = 5); neither dose significantly affected the incidence of EMG responses or the plasma extravasation. These data suggest that both cen 
tral and peripheral NMDA receptor mechanisms may play an important role in EMG responses evoked by the small-fibre excitant and 
inflammatory irritant mustard oil, but that different neurochemical mechanisms may be involved in the plasma extravasation induced by 
mustard oil.

Key words: EMG; Temporomandibular joint; Jaw muscles; NMDA; Inflammation

Introduction

Excitatory amino acids (EAAs) are major excitatory 
neurotransmitters in the mammalian central nervous system 
(CNS). Receptors for EAAs are broadly classified into 
mctabotropic and ionotropic types (for review, see Collin 
gridge and Lester 1989: Monaghan et al. 1989; Nakanishi 
1992). One ionotrcpic EAA receptor subtype is the N- 
methyl-D-aspartate (NMDA) receptor, and there are two 
non-NMDA receptor subtypes, kainate and a-amino-3- 
hydroxy-5-methyl-4-isoxazoIepropionate (AMPA). Both

Corresponding author. B J. Sessle, Faculty of Dentistry. University of 
Toronto. 124 Edward Street. Toronto M5G 1G6. Canada. 
Present address: Di\. of Neuroscience, the Hospital for Sick Children. 

Toronto M5G 1XS. Canada.

NMDA and non-NMDA receptors have been found to exist 
not only in the CNS but also in the peripheral nervous sys 
tem (Shigemoto et al. 1992; Berger et al. 1995; for review, 
see Collingridge and Lester 1989; Monaghan et al. 1989; 
Erdo 1991; Nakanishi 1992). Functionally, non-NMDA 
receptor mechanisms are implicated in generating fast exci 
tatory post-synaptic potentials in the CNS, whereas NMDA 
receptor mechanisms mediate more prolonged excitatory 
post-synaptic potentials (for review, see Collingridge and 
Lester 1989; Monaghan et al. 1989; Nakanishi 1992) and 
are considered of primary importance in nociceptive 
transmission in ascending somatosensory pathways, par 
ticularly in 'central sensitization' states that can be evoked 
by inflammation and other conditions associated with in 
creased small-fibre nociceptive afferent inputs into the 
CNS (Aanonsen and Wilcox 1987; Dickenson and Sullivan
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1987; Yaksh 1989; Woolf and Thompson 1991; for review, 
see Dubner and Ruda 1992; Coderre 1993; Meller and 
Gebhart 1993; Urban etal. 1994).

Our recent studies in rats have demonstrated that the 
small-fibre excitant and inflammatory irritant mustard oil 
(Jancso et al. 1977; Woolf and Wall 1986; Handwerker and 
Reeh 1991) injected into deep somatic tissues can induce a 
sustained but reversible expansion of the mechanoreceptive 
field of nociceptive trigeminal brainstem neurons, an in 
crease in jaw or n.eck muscle electromyographic (EMG) 
activity, and an acute inflammation characterized by 
plasma extravasation (Hu et al. 1992, 1993; Yu et al. 1993, 
1994a, 1995). This injection is also associated with an in 
creased C-fos expression in trigeminal brainstem neurons 
within subnucleus caudalis (Hathaway et al. 1995). Both 
the plasma extravasation and the reflexly evoked EMG 
responses may be regulated by endogenous opioid mecha 
nisms (Yu et al. 1994a), but the possible involvement of 
NMDA receptor mechanisms has not been tested.

In order to determine if NMDA receptor mechanisms 
are involved in the mustard oil-induced EMG responses 
and inflammation, the present study tested the effects of the 
non-competitive NMDA receptor antagonist MK-801 (for 
review, see Collingridge and Lester 1989; Wong and Kemp 
1991). The antagonist was administered systemically 
(intravenously, i.v.), intraventricularly (into the third ven 
tricle, i.c.v.) or locally (into the region of the temporo- 
mandibular joint, TMJ) to identify possible central or pe 
ripheral mechanisms of action.

Some of these data have been briefly presented in ab 
stract form (Yu et al. 1994b).

Methods

Animal preparation

The study was carried out in 48 male Sprague-Dawley rats (250- 
380 g). Except for the administration of MK-80I, methods were similar 
to those previously described (Hu el al. 1993; Yu et al. 1994a, 1995) and 
so most methods will be only briefly outlined. Under general anaesthesia 
(1/3 O2, 2/3 N;O. and 2-3% halothane). the animal's head was fixed to a 
stereotaxic apparatus fay a cranial headpiece that obviated the need for ear 
and incisor bars. A 30-gauge cannula connected to a 20/t\ Hamilton- 
syringe with a polyethylene tube was passed through the TMJ capsule 
into the TMJ on the left side and fixed in place for injection of mustard 
oil (20% ailylisothiocyanate, BDH, Poole; in mineral oil, 20,ul; see be 
low). During EMG recordings, (he halothane concentration was main 
tained at 0.5-0 S'r and heart rate, expired % C02, and body core tem 
perature were continuously monitored and maintained at 330-430/min. 
4-5%. and 37-37.5*0. respectively.

MK-801 administration

MK-801 iMSD. Harlow) was administered into the right external 
jucular vein u.•... ~. = 10). or the third ventricle (i.c.v.. n = 10) or the TMJ

region (n = 10) 5 min before the injection of mustard oil. For the j. v 
administration, MK-SOI was given in a dose of 0.1 mg/kg (n=J) w 
0.5 mg/kg (n = S) in 0.3 ml saline. The vehicle saline was administered in 
an equal volume (0.3 ml) in another six (control) animals. For the i.c.v, 
administration, a 30-gauge cannula was connected to a 20/<l Hamilton, 
syringe with a polyethylene tube, mounted in a stereotaxic holder, and 
introduced stereolanically into the third ventricle before the animal's 
cranium was fixed to the stereotaxic apparatus (see above). The lip of ihe 
cannula was positioned at the coordinates AP -0.08, L 0, and V -9 
(Paxinos and Watson 1986) and the cannula was fixed in place win, 
dental cement. After the experiment, the correct placement of the cannulj 
in the third ventricle was visually assessed by determining the location o[ 
the cannula and the distribution of Evans Blue solution (I0,ul) injected 
through the cannula. In each case, the dye was found to extend over the 
entire cerebroventricular system and the cerebral cisternae. The MK-801 
was given in a dose of 0.01 mg/kg (n = 5) or O.t mg/kg (n = 5) in \Q/i\ 
artificial cercbrospinal fluid (ACSF). The vehicle ACSF alone was also 
administered in an equal volume (lOul) in another six (control) rats. The 
ACSF consisted of !40mM NaCI. 3 mM KC1, 2.5 mM CaCl2, ImM 
MgCI2 . 1.2 mM N2HPO4. 0.27 mM NaH 2PO4. and 3 mM glucose, al a 
pH of 7.2-7.3 (Philippu 1984).

For the local TMJ administration of MK-SOI, two 30-gauge cannulae 
were first cemented side-by-side and connected to two Hamilton-syringes 
with polyethylene tubes. One cannula was filled with either MK-801 
(n = 10) or vehicle saline (n = 6) and the other one with mustard oil. They 
were then implanted into TMJ on the left side. The MK-801 was given in 
a dose of 0.01 mg/kg (rt-5) or 0.1 mg/kg (n = 5) in 20 ftl saline. For 
control animals (n = 6). the vehicle was administered in an equal volume 
(20^1).

EMG recording

Bipolar recordings were made of the EMG activities of the left digas 
tric and left and right masseter muscles. The EMG electrode location! 
were confirmed by post-mortem dissection. The EMG activity of wet 
muscle was amplified (gain: 10000-50000X; bandwidth 30-3000Hzl, 
displayed on oscilloscopes, and recorded online with a data acquisition 
and processing system (CED 1401 Plus hardware and software 'Spike2'; 
CED, Cambridge; signal sampling rate was 2000 Hz). The EMG activi 
ties were first recorded for 20 min to establish a baseline, and then either 
MK-801 or vehicle was administered. Five minutes following the id- 
ministration, mustard oil was injected into the TMJ region and the EMC 
activity was continuously observed for another 30 min.

EMG data processing

The recorded EMG data was processed offline and analyzed as previ 
ously described (Hu et al. 1993; Yu et al. I994a. 1995). In brief, theaceJ 
under the rectified EMG curve for every second as well as for each Si- 
sec period was measured. The mean value of EMG activity for e*h 
muscle recorded in the initial 20 min in each animal was regarded as tht 
baseline level of resting EMG activity for the muscle. Increases in EMG 
activity were determined by a change above the baseline level if one" 
more EMG data points rose two standard deviations above this m" 
value. All data points were normalized relative to this mean value*" 
expressed as a percentage of the mean baseline level of EMO actW 
and values reported as mean ± SD. The time period from the beginning 
the injection to the increase in EMG activity was designated as tin •' 
tency of the response, and the time period from the increase in &" 
activity to recovery to the baseline level of EMG activity was design3*" 
as the duration of the response. The Wilcoxon test. Mann-Whim')1 * 
and Fisher test were used for statistical analysis. A probability lev''' 
less than 0.05 t two-tailed) was regarded as significant.
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-• : MK-801 O.Smg/kg i.v.: n = 5 
_, : MK-B01 0.ling/kg i.v.; n = 5 
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Fig. 1. EMG responses evoked by mustard oil injection into the TMJ 
region in animals with i.v. pic-administration of saline (0.3 ml) or MK- 
801 at a dose 0.1 msVs or 0.5 mg/kg. The EMG activity is shown at 
5 min intervals (except for the EMG activity immediately after mustard 
oil injection, where it is shown every minute for 5 min). Each data point 
represents the mean (=SD) of the normalized values relative to the base 
line EMG activity (=IOO%) in each rat (in some cases, symbols cover the 
SD bars). Compared with the baseline EMG activity, the mustard oil 
injection evoked a significant (P < 0.05, Wilcoxon test) increase of EMG 
activity in ipsilateral digastric and masseter muscles of the animals with 
saline pre-administrarion. */> <0.05 and **/> <0.01 (Mann-Whitney 
test) indicate statistically significant differences in the EMG response 
between the animals with the pre-administration of saline and MK-801 at 
the dose 0.5 mg/kg. Ip. = ipsilateral; CL = contralateral; M.O. = mustard

oil.

Plasma extravasation measurement

The plasma extravasation was measured as previously described 
(Haas et al. 1992). In brief. Evans Blue dye (5 mg/kg, i.v.) was injected 
in each animal at 20 min following the mustard oil injection. At 10 min 
after the injection of Evans Blue solution, the animals were decapitated 
and tissues (1.5 x 1.5 .-mi of the left and right TMJ regions were excised. 
The tissues were analyzed by spectrophotometric measurement of absor- 
banc- at 620 nm for the amount of Evans Blue dye present. In the present 
<ludy. the amount of t\ ans Blue dye in the TMJ region receiving mus 
tard oil was expressed 2* the dye value obtained by subtracting the dye 
imount of the coniral:t;ri) control side from that of the ipsilateral side.

Results

Effects ofMK-80J on mustard oil-evoked EMG responses

Consistent with our previous finding (Yu et al. 1994a, 
1995), none of the animals revealed any variation in base 
line EMG activities greater than two standard deviations 
(e.g. Figs. 1, 2 and 3) during the initial 20 min period prior 
to mustard oil injection into the TMJ region.

: MK-801 0.1mg/kg i.c.v.; n = 5 
: MK-801 O.OImg/kg i.c.v.; n = 5 
: ACSF 10^1 i.c.v.; n-6

i.c.v. M.O.
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Fig. 2. EMG responses evoked by mustard oil injection into the TMJ 
region in animals with pre-administration of ACSF (10/zl) or MK-801 at 
a dose 0.01 mg/lcg or 0.1 mg/kg into the third ventricle. The EMG activ 
ity is shown at 5 min intervals (except for the EMG activity immediately 
after mustard oil injection, where it is shown every minute for 5 min). 
Each data point represents the mean (±SD) of the normalized values 
relative to the baseline EMO activity (=100%) in each rat (in some cases, 
symbols cover the SD bars). Compared with the baseline EMG activity, 
the mustard oil injection evoked a significant (P < 0.05, V/ilcoxon test) 
increase of EMG activity in ipsilateral digaslric and masseter muscles of 
the animals with ACSF pre-administration. */> <005 (Mann-Whitney 
test) indicates staQstically significant differences in the EMG response 
between the animals with the pre-administration of ACSF and MK-801 at 
the dose of 0.01 mc/Vg into the third ventricle, and «/'<0.05 and 
**P<0.01 (Mann-Whilney test) between the animals with the 
pre-administration of ACSF and MK-801 at the dose of 0.1 mg/kg. 

Abbreviations as in Fis. I.



172

TABLE I
THE MUSTARD OIL-EVOKED EMG RESPONSES AFTER I.V. PRE-ADMINISTRATION OF SALINE OR MK-801

Incidence of the EMG response (%) Peak magnitude of the EMG response (%)

Saline (n = 6) 0. 1 rug/kg (» = 5) 0.5 mgflcg (n = 5) Saline (n = 6} 0. 1 mg/kg (n = 5)

Ip. digastric 
Ip. masseter 
CL masseter

100(6)
100(6)
50(3)

80(4) 
100(5) 
60(3)

0(0)# 
40(2) 
0(0)

434 ± 157 
331 +262 
144 ±90

260 ± 95 
205 ± 67 
246 ±179

94 + s*. 
105 ±17, 
89±3|

LV. administration
Neither vehicle nor MK-801 (i.v.) alone induced any 

significant changes in EMG activity when compared with 
baseline. However, an increase in EMG activity was noted 
in one animal after the vehicle administration, and in one 
and three animals after 0.1 and 0.5 mg/kg MK-801, re 
spectively; these insignificant EMG activity increases 
lasted only 2-5 min.

The mustard oil injection following the i.v. pre- 
administration of the vehicle saline (n = 6) evoked a sig 
nificant (P < 0.05, Wilcoxon test) increase in EMG activity 
in the ipsilateral digastric and masseter muscles of each 
animal (Table I and Fig. 1). The mean latencies of the 
mustard oil-evoked EMG activity in the ipsilateral digas 
tric, ipsilateral masseter, and contralateral masseter were 
3.5 ± 0.8, 3.8 ±1.6 and 5.3 ± 2.3 sec, respectively, and the 
mean peak amplitudes (Table I) were 434 ± 157%, 331 ± 
262% and 144 ± 90%.

Compared with the EMG response in the animals 
receiving pre-administration of vehicle (saline), the pre- 
administration of 0.1 mg/kg MK-801 (i.v.) did not signifi 
cantly affect the incidence and magnitude of the mustard 
oil-evoked EMG response, although the latencies of the 
EMG response in the ipsilateral digastric and masseter 
muscles were significantly (? < 0.01 and P < 0.05, respec 
tively, Mann-Whitney test) increased to 10 ± 5.0 and 32 ±

CL masseter______50(3)______°"^ _____ "_________'^^^_______I_1Z————————-—^ 
„ - rmmher of animals tested Numbers in brackets refer to the number of animals showing an increase in EMG activity after mustard oil injMi 
r!^ of the EMG respond to mustard oil injection are expressed as percentages of the EMG baseline and givea as meantSD. |p. =

..,.. J lest) indicates the incidence of the mustard oil-evoked EMG response in the animals pre-administered with MK-801
ibaTiii the animals pre-administered with vehicle (saline).
,-Whitney test) indicate that the EMG magnitude is significantly smaller than that m the animals pre-adrmn.stered with saline.

49.4 sec, respectively. Pre-administration of UJ ,™ 
MK-801 did, however, significantly (/> <0.05,Fisk;s 
reduce the incidence of the mustard oil-evoked EMC 
sponse in the ipsilateral digastric and the magnitudesnf 
EMG response in the ipsilateral digastric as well as ii 
ipsilateral masseter (Fig. 1 and Table I).

i.c.v. administration
Consistent with the finding for the i.v. administration 

MK-801, neither vehicle nor MK-801 i.c.v."alone ii* 
any significant changes in EMG activity when compj 
with baseline. However, an increase in EMG activity! 
noted in one animal after the vehicle administration,ad 
one and two animals after 0.01 and 0.1 mg/kg MM 
respectively; these insignificant EMG increases lasted 
1-2 min.

Following the i.c.v. pre-administration of ACSF («= 
mustard oil injected into the TMJ region evoked a siji 
cant increase in EMG activity (P < 0.05, Wilcoxon I 
Fig. 2) in all the jaw muscles of each animal (TiMf 
when compared with baseline. The mean latencies of 
mustard oil-evoked EMG activity in the ipsilatmldil 
trie, ipsilateral masseter, and contralateral rasseteii 
3.8 ±0.8, 4.5 ±1.5 and 16.8 ±21.2sec, respectively, 
the mean peak amplitudes (Table D) were 413* U 
431 ±167%, and 179 ±70%.

TABLE I!
THE MUSTARD OIL-EVOKED EMG RESPONSES AFTER I.C.V. PRE-ADMINISTRATION OF ACSF OR MK-801

Incidence of the EMG response (%) Peak magnitude of the EMG response (9)

!p. digastric
Ip. masseter
CL masseter

ACSF(n = 6)

100(6)
100(6)
100(6)

001 mg/kg (n = 5)

100(5)
60(3)
60(3)

0.1 mg/kg (n= 5)

80(4)
40(2)
40(2)

ACSF(/» = 6)

413 + 206
431 ± 167
179 ±70

0.01 mg/kg <«=»_J^

43, ,280 »;;
.79,105- ;,
165 ±148 _J1^

—————— ——— ——— ~~~^.i M-lil

n = number of ammais icstcd. Numbers in brackets refer to the number of animals showing an increase in EMG activity an ^ 
tudes of (he EMG re.oonses to mustard oil injection are expressed as percentages of the EMG baseline and given as mean-

T3ble! - ' • iw -i 'P < 0.05 and "P < :^\ (Mann-Whitney test) indicate that the EMG magnitude is significantly smaller than that in the an
^ehtde (saline).
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TABLE III
THE MUSTARD OIL-EVOKED EMG RESPONSES AFTER TMJ PRE-ADMINISTRATION OF SALINE OR MK-801

Incidence of the EMG response (%) Peak magnitude of the EMG response {%)

Ip. digastric 
Ip. masseter 
Ct. masseter

Saline (n = 6)

100f6) 
100(6) 
100(6)

0.01 mg/kg (n =

80(4) 
100(5) 
60(3)

= 5) O.I mg/kg (n:

40(2) 
60(3) 
60(3)

= 5) Saline (« = 6)

392 ± 164 
485 ± 176 
306 ±70

0.01 mg/kg (n= 5) 0. 1 mg/kg (n = 5)

331 ± 169 
236 ± 93 
224 ± 99

163 ± 144** 
149* 128* 
149*73'

n = number of animals tested. Numbers in brackets refer to the number of animals showing an increase in EMG activity after mustard oil injection. Magni 
tudes of the EMG responses to mustard oil injection are expressed as percentages of the EMG baseline and given as mean ± SD. Abbreviations as in Table 
I.
*P<0.05 and **P<0.0\ (Mann-Whitney test) indicate that the EMG magnitude is significantly smaller than that in the animals pre-administered with 
vehicle (saline).

Compared with the EMG response in the animals 
receiving pre-administration of vehicle (ACSF), pre- 
administration of 0.01 mg/kg MK-801 (i.c.v.) did not sig 
nificantly reduce the incidence and magnitude of mustard 
oil-evoked EMG response in the ipsilateral digastric mus 
cle, although the latency of the EMG response in this mus 
cle significantly (/> <0.05, Mann-Whitney test) increased 
to 7.8 ± 3,1 sec. However, this dose did significantly re 
duce the magnitude of the EMG response in the ipsilateral 
masseter muscle. With the increase of the MK-801 dose to 
0.1 mg/kg, a significant (P<0.05, Mann-Whitney test) 
reduction was again only noted in the magnitude of the 
mustard oil-evoked EMG response in the ipsilateral masse 
ter (Fig. 2 and Table IT).

TMJ administration
Compared with baseline, administration of either the 

vehicle saline (n = 6) or MK-801 into the TMJ region 
(n = 10) did not evoke any significant change in EMG ac 
tivity (P>0.05, Wilcoxon test). However, an increase 
above the baseline level of EMG activity was noted in four 
animals after the vehicle administration, and in two and 
three animals after 0.01 and 0.1 mg/kg MK-801, respec 
tively; these insignificant EMG increases lasted 2-5 min.

Compared with baseline, the mustard oil injection fol 
lowing the pre-administration of saline into the TMJ region 
evoked a significant increase of EMG activity (P < 0.05, 
Wilcoxon test; Fig. 3) in all three jaw muscles of each ani 
mal (Table III). The mean latencies of the mustard oil- 
evoked EMG activity in the ipsilateral digastric, ipsilateral 
masseter, and controlateral masseter were 5.3 ± 3.9, 5.4 ± 
4.0 and 7.2 ±3.9 sec, respectively, and the mean peak 
amplitudes (Table HI) were 392 ± 164%, 485 ± 176%, and 
306 ± 70%.

Compared with the EMG response in the animals 
receiving pre-administration of vehicle (saline), the pre- 
idministration of MK-801 at a dose 0.01 mg/kg into the 
FMJ region did not significantly reduce the incidence and 
nagnitude of the mustard oil-evoked EMG response in any 
if the three muscles, although a reduction in the mean 
implitudes of the EMG response could be noted (Fig. 3). 
"he pre-adminisrration of 0.1 mg/kg MK-801 did signifi-

: MK-801 0.1mg/kginlo TMJ; n = 5 
: MK-801 0.01mg/»9 into TMJ; n = 5 
: Saline 2CV«I into TMJ: n-6

inloTMJ M.O.
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Fig. 3. EMG responses evoked by mustard oil injection into the TMJ 
region in animals with pre-administration of saline (20><l) or MK-801 at 
a dose 0.01 mg/kg or 0.1 mg/kg into the TMJ region. The EMO activity 
is shown at 5 min intervals (except for the EMG activity inimodlalcly 
after mustard oil injection, where it is ihown every minute for 5 min) 
Each data point represents the mean (±SD) of (he normalized viilucK 
relative to the baseline EMG activity (=100%) in each rat (in ionic canon, 
symbols cover the SD bars). Compared with the baseline EMO ntiivlly, 
the mustard oil injection evoked a significant (P < 0.05, Wilconon Icnl) 
increase of EMG activity in all jaw musclei of the animul* wlih nulliic 
pre-admimstration. -/><0.05 and "/><0.01 f.Mann-Whllney foil) In.li 
cate statically significant difference* in the EMO re»pon*c bdwean ihn 
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0.1m9/kg
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20,1
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Fig. 4. Plasma extravasation induced by mustard oil injection into the 
TMJ region of the animals with i.v. pre-administration, i.c.v. pre- 
administradon, and pre-administration into the TMJ region of saline or 
MK-801 is shown in (A-C), respectively. Numbers in brackets refer to 
the number of !»i»m.ilc *P < 0.05 (Mann-Whitney test) indicates statisti 
cally significant difference in the plasma extravasation between the 
animals with the i.v. pre-administration of saline and MK-801 at the dose 

of0.5mg/kg.

cantly reduce the magnitudes of the mustard oil-evoked 
EMG response in all three muscles (P<0.05, Mann- 
Whitney test; Fig. 3 and Table III).

Effects ofMK-SOJ on the mustard oil-evoked plasma 
extravasation

Consistent with our previous findings (Haas et al. 1992; 
Hu et al. 1993: Yu et al. 1995), mustard oil induced signifi 
cant plasma extravasation (P < 0.05, Wilcoxon test) when 
compared with the contralateral TMJ region receiving no 
mustard oil injection. In comparison to the animals receiv 
ing i.v. administration of saline, animals receiving the sys 
temic administration of 0.5 mg/kg MK-801 showed a sig 
nificant reduction in the mustard oil-evoked plasma ex 
travasation (P < 0.05. Mann-Whitney test; Fig. 4A) but 
0.1 mg/kg had no such effect. Neither i.c.v. (Fig. 4B) nor 
TMJ (Fig. 4O administration of MK-801 at the doses used 
sicnificantly reduced plasma extravasation.

Discussion

It is well known that MK-801 is a potent non- 
competitive NMDA receptor antagonist which binds to the 
cationic channel and prevents ion fluxes, and that only a 
very low dose of MK-801 is required to produce an almosi 
complete block of NMDA-induced responses (for review 
see Collingridge and Lester 1989; Wong and Kemp 199]) 
The present study has demonstrated that MK-801 may sig. 
nificantly reduce digastric and masseter EMG responses 
reflexly evoked by the small-fibre excitant and inflamma 
tory irritant mustard oil injected into the TMJ region. Thi 
effective doses of MK-801 administered 'into the TMJ re 
gion and the third ventricle were considerably lower than 
the effective dose when MK-801 was administered sys- 
temically and point to both a peripheral and a central in. 
volvement of NMDA receptor mechanisms in the EMG 
responses evoked by mustard oil injected into deep tissues.

Our finding that systemic administration of MK-801 all 
dose of 0.5 mg/kg, but not 0.1 mg/kg, significantly reducei 
mustard oil-evoked EMG responses is consistent with lh( 
effects of the drug on the reflexly evoked activity of a 
motoneurons in the spinal cord (Woolf and Thompsoi 
1991). However, behavioral studies have indicated thai I 
high dose of NMDA antagonists (e.g. >0.3 mg/kg MK-801,' 
may produce circling behaviour, head weaving and paraly 
sis of the hindlimb characterized by an increase in extemoi 
tone (Cahusac et al. 1984; Ren et al. 1992). Since a muscli 
with increased tone may show an increase in EMG activitj 
(Douglas et al. 1989; Mense 1993), and we noted thatMK 
801 itself did not produce a significant change in EMC 
activity of either group of muscles that are analogous li 
limb extensor muscles (i.e. masseter) or limb flexor mus 
cles (i.e. digastric) (Dubner et al. 1978; Hannam and Sessl 
1994), it would appear that the MK-801 effect on the mus 
tard oil-evoked EMG activity could not be explained by 
change in muscle tone induced by MK-801 per se.

Administration of 0.01 mg/kg MK-801 into the thir 
ventricle significantly reduced the magnitude of the mus 
tard oil-evoked EMG response in the ipsilateral massete 
and significantly increased the latency of the EMG n 
sponse in the digastric muscle. A similar dose administers 
intrathecally is required for blocking both the first and sei 
ond phases of appearance of flinching behaviour induce 
by formalin injected into subcutaneous tissues (Yamamol 
and Yaksh 1992). However, the magnitude of the musui 
oil-evoked EMG response in the digastric muscle wasm 
significantly reduced by i.c.v. administration of MK-& 
even at the dose of 0.1 mg/kg. There have been describ' 
differential facilitatory or inhibitory effects of descend" 
modulatory influences on masseter and digastric motonf 
rons (for review, see Dubner et al. 1978) and so it is P* 
ble that the i.c.v. application of MK-801 differentially' 
fected one of these descending inputs. If the site of N^ 
action on digastric activity is in the brainstem (e.g. tr'8e" 
nal subnucleus caudalis or trigeminal motor nucleus i |se
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while its action on masseter activity involves other inputs 
(e.g. from higher brain centres), this could explain why i.v. 
administration of MK-801 reduced the EMG response in 
both the digastric and masseter muscles while i.c.v. appli 
cation of MK-801 only significantly reduced the magnitude 
of the EMG response in the masseter muscle. NMDA re 
ceptor mechanisms do appear to be involved in the control 
of motoneurons in the spinal cord (Bohmer et al. 1991; 
Durand 1993; Pinco and Lev-Tov 1993, 1994) and tri- 
geminal motor nucleus. (Katakura and Chandler 1991; 
Boucher et al. 1993). For example, it has been reported that 
NMDA receptor antagonists applied to the trigeminal 
brainstem sensory complex significantly reduce the ampli 
tude of the jaw-opening reflex evoked by electrical stimu- 
lauon of the rat tooth pulp (Boucher et al. 1993), and 
Katakura and Chandler (1991) have reported that intraora! 
afferent-evoked activity of motoneurons innervating the 
guinea pig digastric muscle is regulated by NMDA receptor 
mechanisms, but the activity of masseter motoneurons 
evoked by stimulation of the trigeminal mesencephalic 
nucleus does not appear to involve such mechanisms 
(Chandler 1989). The difference between our findings indi 
cating NMDA receptor involvement and this latter obser 
vation with respect to the masseter might be explained by 
the different experimental models used. In the earlier ex 
periments (Chandler 1989; Katakura and Chandler 1991) 
the use of trigeminal mesencephalic nucleus stimulation 
tested the involvement of NMDA receptor mechanisms 
only in the pathway from low-threshold (i.e. muscle spin 
dle or periodontal ligament) trigeminal inputs to masseter 
motoneurons. In contrast, our experimental model, where 
the masseter response was evoked by the small-fibre exci 
tant and inflammatory irritant mustard oil (Jancso et al. 
1977; Woolf and Wall 1986; Handwerker and Reeh 1991), 
specifically tests for high-threshold afferent inputs to mas 
seter motoneurons. Data from other experimental models 
suggest that NMDA receptor antagonists affect the central 
facilitatory state induced by noxious stimuli and are par 
ticularly effective on the protracted nociceptive processes 
associated with peripheral inflammation (Aanonsen and 
Wilcox 1987; Dickenson and Sullivan 1987; Yaksh 1989; 
Schaible et al. 1991: Woolf and Thompson 1991; Ren et al. 
1992; Yamamoto and Yaksh 1992; for review, see Wilcox 
1991; Dubner and Ruda 1992; Coderre 1993; Meller and 
Gebhart 1993; Urban et al. 1994). Recent studies have also 
documented that noxious stimuli applied to the TMJ region 
(Broton and Scsslc 1988; Yu et al. 1994a) or tooth pulp 
iHu et al. 1994) can produce a sustained excitation of sev 
eral masticatory muscles including the jaw-closing (e.g. 
masseter) as well as the jaw-opening (e.g. digastric) mus 
cles. The present study suggests that NMDA receptor 
mechanisms may be differentially involved centrally in 
these responses of the jaw-opening and jaw-closing mus- 
v.'ie> to noxious stimuli.

MK-801 administered locally into the TMJ region may 
•'•'•^ reduce the mustard oil-evoked EMG responses. It is

unlikely that the effect of 0.1 mg/kg MK-801 administered 
into the TMJ region is produced by a systemic action, be 
cause this dose administered i.v. did not significantly re 
duce the mustard oil-evoked EMG responses. These find 
ings appear to be the first to document that the NMDA an 
tagonist MK-801 administered locally may reduce a no 
ciceptive reflex, although the detailed mechanisms underly 
ing the peripheral action of MK-801 remain to be clarified. 
Nonetheless, immunohistochemical studies have confirmed 
that NMDA receptors exist in primary afferent neurons 
(Shigemoto et al. 1992) and neuromuscular junctions 
(Berger et al. 1995), and ligand binding studies and other 
physiological and pharmacological investigations have also 
suggested that NMDA receptors may be located .in periph 
eral tissues (for review, see Erdo 1991).

Consistent with our previous findings (Haas et al. 1992; 
Yu et al. 1994a, 1995), we noted that mustard oil also in 
duces an acute inflammatory response in the TMJ region. 
The plasma extravasation induced by mustard oil may be 
significantly reduced by depletion of C fibres (Jancso et al. 
1977; Woolf and Wall 1986; Kwan et al. 1995) or by the 
application of local anaesthetic (Yu et al. 1995), and en 
hanced by the application of the peripherally acting opioid 
antagonist methylnaloxone (Haas, unpublished data; Yu et 
al. 1994a). These data suggest that a neurogenic component 
is involved in the mustard oil-induced inflammation 
(Jancso et al. 1977; Woolf and Wall 1986). We found that 
the systemic administration of 0.5 mg/kg MK-801 signifi 
cantly reduced the plasma extravasation induced by mus 
tard oil. The mechanisms underlying this effect, however, 
are not clear. One possibility is that the drug at a high sys 
temic dose might influence the function of the adrenal 
gland and autonomic nerves involved in the control of vas 
cular permeability (Coderre et a!. 1989; Catania et al. 1991; 
Lam and Ferrell 1993; for review, see McCall 1988; Erdo 
1991). Several other central mechanisms which may be 
involved in regulating the development of neurogenic in 
flammation have also been proposed, including descending 
inhibitory systems which can be activated by non-steroidal 
anti-inflammatory drugs applied to the CNS (Catania et al. 
1991). However, the present study documented that neither 
i.c.v. administration nor local TMJ administration of MK- 
801 at the dose effective for reducing the mustard oil- 
evoked EMG responses reduces the plasma extravasation, 
and Sluka and Westlund (1993) found that the spinal ad 
ministration of MK-801 significantly reduces carrageenan- 
induced hyperalgesia but not inflammation. These findings 
raise the possibility that separate neurochemical mecha 
nisms may be involved in nociceptive responses and the 
inflammatory responses. This viewpoint is supported by 
several other lines of evidence: (i) the time courses of the 
EMG responses and the plasma extravasation induced by 
mustard oil are net parallel (Yu et al. 1994a, 1995); (ii) the 
doses of the opioid antagonists naloxone and methyl 
naloxone required for enhancing the EMG responses and 
the plasma extravasation are different (Yu et al. 1994a);
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and (iii) the doses of the local anaesthetic lidocaine re 
quired for blocking the EMG responses and the plasma 
extravasation also are different (Yu et al. 1995).

The increased excitability of a-motoneurons induced by 
noxious stimulation and the expansion of the mechanore- 
ceptive fields of nociceptive trigeminal brainstem neurons 
in subnucleus caudal is (medullary dorsal horn) induced by 
mustard oil injected into deep tissues may reflect a 'central 
sensitization' state (Woolf and Wall 1986; Hu et al. 1992, 
1994; Woolf 1992; Sessle et al. 1993; Yu et al. 1993). The 
time course of the mustard oil-evoked EMG responses is 
similar to that of the mechanoreceptive field expansion of 
the nociceptive trigeminal caudalis neurons (Yu et al.
1993). Moreover, transection of the trigeminal subnucleus 
caudalis and trigeminal spinal tract below the obex level 
and ibotenic acid lesions of caudalis significantly reduce 
the mustard oil-evoked EMG responses in the masseter and 
digastric muscles (Tsai et al. 1994), and micro-stimulation 
of caudalis evokes EMG activity in these muscles (Tsai et 
al. 1995). These findings suggest that 'central sensitization' 
processes at the level of trigeminal subnucleus caudalis 
may be involved Ln the mustard oil-evoked EMG responses 
(Sessle et al. 1993; Hu et al. 1994).

These 'central sensitization' processes in subnucleus 
caudalis may involve NMDA receptor mechanisms since 
the mustard oil-evoked expansion of the mechanoreceptive 
field of nociceptive trigeminal caudalis neurons can be 
reduced by i.v. application of MK-801 (Yu, Hu and Sessle, 
unpublished data), and NMDA receptor mechanisms are 
considered of primary importance in 'central sensitization' 
states evoked by inflammation and other conditions asso 
ciated with increased small-fibre nociceptive afferent in 
puts onto spinal dorsal horn neurons (Aanonsen and Wil- 
cox 1987; Dickenson and Sullivan 1987; Yaksh 1989; 
Woolf and Thompson 1991; Dougherty et al. 1992; for 
review, see Dubner and Ruda 1992; Coderre 1993; Meller 
and Gebhart 1993; Urban et al. 1994). Activation of the 
NMDA receptor may increase the release of presynaptic 
excitatory neurotransmitters (Montague et al. 1994) and 
produce prolonged excitatory post-synaptic potentials in 
the CNS (for review, see Collingridge and Lester 1989; 
Monaghan et al. 1989; Nakanishi 1992). Antagonism of the 
mustard oil-evoked 'central sensitization' by MK-801 in 
the present study may have then resulted, at least in part, 
from the blockade of the central release of excitatory neu 
rotransmitters and/or the reduction of the excitability of 
central neurons (.Aanonsen and Wilcox 1987; Dickenson 
and Sullivan 19S7; Dougherty et al. 1992; Yu, Hu and 
Sessle, unpublished data; for review, see Dubner and Ruda 
1992; Coderre 1993: Meller and Gebhart 1993; Urban et al.
1994), and in view of the potential sites involving NMDA 
receptor mechanisms noted above, this antagonism could 
involve actions \vithin the trigeminal brainstem sensory or 
motor nuclei or at suprabulbar sites influencing the activity 
of neurons in these nuclei. In addition, however, the pres 
ent study sugge>:> that peripheral as well as central NMDA

receptor mechanisms must also be considered in the refit 
changes evoked in muscles by small-fiber nociceptive a 
ferent inputs.
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SUMMARY. Whiplash associated disorders have pain and disability 
affecting multiple systems. A key issue is to determine, however 
possible, those problems that lead to disability, since physical dys 
function has a major effect upon adjustments to life. The current 
study has taken the Oswestry Low Back Disability Index, and with 
adaptations that consider the neck and whiplash, and using current 
language and social issues, have developed a Neck Disability Index 
[NDI]. This self-report index has been tested reliable and valid as a 
measure of neck disability. The NDI has been shown to be a simple 
tool that could improve clinical assessments of whiplash; it is dupli 
cated here, and its duplication and use is encouraged. [Article copies 
available from The Haworth Document Delivery Service: 1-800-342-9678. 
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INTRODUCTION

Injuries to the neck, and, in particular, those originating from a motor 
vehicle accident, constitute a significant burden to the health care system. 
Lifetime prevalence estimates for neck pain in general range from 45-71% 
(1,2,3), while the point prevalence has been reported at 9-12% (4).

Estimates of the incidence of whiplash-related injuries as reported in 
Barnsley et al. (5) range from 0.44 per 1000 (6) to 1.06 per 1000 (7). The 
recent Quebec Task Force Group [QTFG] (8) reported a one year inci 
dence rate of whiplash claims in Quebec of 0.7 per 1000. Large differ 
ences between Canadian provinces were noted and thought to be due to 
differing tort law and compensation systems.

The degree to which whiplash-related symptoms persist in time appears 
variable in the reported literature. Norris and Watt (9) reported that 66% 
and 43% of their subjects continued to experience neck pain and headache 
respectively beyond six months post-accident. These figures are smaller in 
the report of Hildingsson and Toolanen (10), being 29% and 25%, respec 
tively. The QTFG re-analyzed the data from Norris and Watt's study and 
found a trend toward persistence of neck pain and headache as the severity 
of initial presentation increased [i.e., from category 1 through 3]. Barnsley, 
Lord and Bogduk summarize the literature on chronicity by concluding 
that "between 14 and 42% of patients with whiplash injuries develop 
chronic neck pain and that approximately 10% will have constant severe 
pain indefinitely" (5).

Methods of determining both the clinical course of whiplash-related 
complaints and their impact upon the individual and society are rather 
crude. Most studies report symptom lists (8) but few have developed 
systematic symptom check lists. Outcomes such as claims data on length 
of disability, return to work and costs of claims are often used, and, 
although these data are useful to health policy analysts and insurers, they 
have less relevance to practicing clinicians. It was to address this need, i.e., 
for an instrument to assess what the QTFG was later to call "Whiplash- 
associated disorder (WAD)" that Vernon and Mior first developed the 
Neck Disability Index [NDI] (11).

THE NECK DISABILITY INDEX

The Neck Disability Index was modified [with permission] from the 
Oswestry Low Back Pain Disability Index [OLBPDI] of Fairbank et al. (12). 
The NDI, thus, has 10 items selected from the literature to have relevance
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to whiplash-associated disorder. Four items relate to subjective sympto 
matology, namely: "pain intensity," "headache," "concentration" and 
"sleeping." Four items relate to obligatory activities of daily living, name 
ly: "lifting," "work," "driving," and "recreation." Two items, "personal 
care" and "reading" are discretionary activities of daily living. Items are 
scored on an ordinal scale from 0-5, with a maximum score of 50. The 
seminal study reported on 52 subjects, 70% of whom had suffered a 
whiplash-type injury within the past 4-6 weeks. Tables 1 and 2 display the 
mean item scores, ranks and alpha coefficients, and the range of total 
index scores, respectively.

The Index has good internal consistency [alpha = 0.80], while the total 
scores display a normal distribution, peaking in the moderately severe 
interval [15-24 out of 50]. In 17 subjects, test-retest reliability was deter 
mined using a two-day/no treatment interval as R = 0.90.

The NDI scores were found to correlate reasonably strongly with 
McGill Pain Questionnaire (13) scores [R = 0.72]. Finally, in order to 
determine the NDI's responsivity to change, change scores were compared 
to a visual analogue scale for improvement. The correlation coefficient 
was 0.60. The degree to which any of the subjects with a whiplash-type 
injury were receiving any disability benefits was not determined.

TABLE 1. Total Score and Item Reliability Analysis.
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TABLE 2. Neck Disability: Frequency Plot of Total Scores.

0-4 5-14 15-24 25-34 >35 
None Mild Moderate Severe Complete

SUBSEQUENT STUDIES

In 1994, Hains et al. (14) reported on response set bias and internal 
factor structure of the NDI in 219 subjects with neck pain. After multi van- 
ate analysis of variance was conducted, no order or sequencing effect was 
detected. The internal consistency was determined by Cronbach's alpha at 
0.90. The inter-item correlations ranged from R = 0.31 to 0.77, suggesting 
non-redundancy of items.

On factor analysis, one factor was extracted accounting for 59% of the 
variance, demonstrating that the NDI is, by and large, unidimensional. 
This factor was labelled "physical functioning." Factor weights were 
calculated and revealed no significant differences amongst the items. As 
such, it would seem that no inter-item weighting is required. Finally, a 
strong correlation between pain score [on a visual analog scale [VAS]] and 
NDI scores was found [R = 0.70].

Knaap et al. (15) reported on 46 subjects with neck pain. Test-retest 
reliability was high [ICC = 0.91, P < 0.001] as was internal consistency 
[Cronbach's alpha = 0.81]. As with the original report, no effect of age or 
gender was found.

Wallace et al. (16) used the NDI as an outcome measure in an uncon 
trolled study of 38 subjects with neck pain treated with spinal manipula 
tion. The NDI scores were reduced from a mean of 19.3 ± 11.1 to 7.95 ± 
5.76 [P < 0.0001]. The overall percentage change in NDI scores [over a 12 
week period] was 58.8% which was nearly identical to the reduction in 
VAS pain scores [56%].

In recent unpublished work in our clinic (Vernon et al. unpublished) a 
high correlation has been observed between NDI scores in whiplash pa 
tients and scores on a new instrument-the Disability Rating Index (17). 
This finding further strengthens the concurrent validity of the NDI.
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Vernon et al. (18) have recently reported on the NDI and the Oswestry 
Index in a sample of patients undergoing physical rehabilitation for work- 
related or motor-vehicle accident-related neck or back pain. A strong 
correlation R = 0.67, P = 0.018 was observed between change in disability 
index scores [NDI = 20] and a measure of patient satisfaction with the 
outcome of care [the Outcomes Satisfaction Index] (19).

CONCLUSION

Psychometric studies of the NDI have confirmed that it possesses high 
test-retest reliability, high internal consistency, a single-factor structure 
with only moderately high inter-item correlations making each item clini 
cally and statistically useful. Clinical studies have confirmed good concur 
rent validity and good responsiveness. The NDI is a useful instrument for 
clinicians and researchers alike to employ in studies of whiplash-injured 
patients.
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While damage or inflammation of deep craniofacial tissues such as the 
temporomandibular joint (TMJ) and masticatory muscles, as well as abnormal 
muscular activity, are often considered important in the pathophysiology of 
temporomandibular disorders (TMDs) and related craniofacial pain condi 
tions, the pathogenesis, diagnosis, and treatment of these deep pain conditions 
are still controversial. Furthermore, the central neural mechanisms underlying 
deep craniofacial pain are poorly understood. This chapter outlines our recent 
findings pointing to a crucial role played by subnucleus caudalis of the brain 
stem trigeminal (V) spinal tract nucleus (also known as the medullary dorsal 
horn) in the relay and modulation of nociceptive input from deep craniofacial 
tissues.

METHODS

All experimental work involving animals was approved by the Animal 
Care Committee (University of Toronto) and conformed to the regulations of 
the Canadian Council on Animal Care and the Ontario Animals for Research 
Act The studies involved a series of electromyographic (EMG) or single- 
neuron recording experiments in anesthetized rats (Yu et al. 1995; also see

497
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Hu et al. 1994). Briefly, rats were prepared under surgical anesthesia and then 
anesthetized with a mixture of 1/3 O2, 2/3 NiO, and 0.5-0.8% halothane to 
achieve a stable plane of light anesthesia; noxious pressure applied to the 
hindpaw induced a slight flexion reflex response of the hindlimb. In the EMG 
experiments, we recorded EMG activity with bipolar electrodes inserted into 
the ipsilateral and contralateral anterior digastric and masseter muscles. The 
EMG activity of each muscle was amplified (gain: 1000-5000x; bandwidth 
30-3000 Hz) and displayed on oscilloscopes, and also recorded directly into a 
computer system (CED I401/Spike2 system, Cambridge). In one series of 
EMG experiments, the small-fiber excitant and inflammatory irritant mustard 
oil (MO, 20%, 20 ul in mineral oil) or its vehicle mineral oil was injected into 
the ipsilateral TMJ region via a preimplanted needle according to a predeter 
mined schedule (Yu et al. 1995), Lesions of subnucleus caudalis were made 
surgically or with ibotenic acid injections prior to MO injection to determine 
if MO evoked a nociceptive reflex that could be interrupted by lesioning of 
certain regions of the subnucleus caudalis. In another series, either electrical 
microstiinulation (1-ms duration train of three 50-ms cathodal pulses; < 1 mA; 
train frequency 0.3 Hz) via a microelectrode or microinjection of glutamate 
(0.5 M in saline, 40 nl) introduced into various loci within the subnucleus 
caudalis and upper cervical dorsal horn was used to see if stimulation of a 
specific region within caudalis could also evoke EMG activity. In a third 
series, we injected neurokinin-receptor antagonists (NK-1 antagonist, CP- 
99,994, Pfizer, and NK-2 antagonist, MEN-10,376, RBI) intraventricularly 
(i.c.v.) five to 10 minutes prior to MO injection into the TMJ to see if neuro- 
kinin-related neuropeptides are involved in modulating the MO-evoked EMG 
activity. In the fourth series, we applied opioid receptor antagonists (naloxone 
hydrochloride or CTOP, D-Phe-Cys-Tyr-D-Tyr-Om-Thr-Pen-Thr-NH2, RBI) 
either systemically or intrathecally (via a cannula placed directly over the 
subnucleus caudalis) 30 minutes after the initial EMG activity evoked by MO 
had subsided, to see if the MO-evoked EMG activity was modulated by an 
opioid mechanism. Ten minutes before the conclusion of each of these physi 
ological experiments, Evans blue dye (5 rag/kg) was injected systemically to 
confirm the TMJ injection site at postmortem by the visual examination of 
MO-induced plasma extravasation of Evans blue dye bound to plasma protein 
(Haas et al. 1992).

As the baseline EMG data revealed no significant variation in EMG 
activity of each muscle before the treatment (see Yu et al. 1995), we pooled 
all prestimulation/injection data points for each muscle in each animal to 
produce a mean value that represented the prestimulation/injection level of 
EMG activity for each muscle in each animal. AH poststimulation/injection 
data points were normalized relative to this mean value and expressed as a
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percentage value of the mean prestimulation/injection level of EMG activity. 
Changes in EMG activity after the stimulation/injection of either mineral oil 
or MO were regarded as an increase if one or more EMG data points rose two 
standard deviations above this mean baseline level.

In some anesthetized and paralyzed rats, single-neuron recordings were 
made in subnucleus caudalis to determine if MO application to craniofacial 
tissues influenced caudalis neuronal properties and whether naloxone or the 
NMDA antagonist MK-801 modulated this influence; the methods for neu 
ronal recording and classification have been previously described in detail 
(see Hu 1990; Yu et al. 1993). In another group of anesthetized rats, we 
examined the expression of the immediate early gene, c-fos, within subnucleus 
caudalis following TMJ stimulation (see Hathaway et al. 1995).

RESULTS AND DISCUSSION

NEURAL PATHWAY FOR TRIGEMINAL NOaCEPTTVE 
REFLEX ACTIVITY

Subnucleus caudalis contains nociceptive neurons (e.g., Price et al. 1976; 
Hu 1990), some of which can be activated by electrical and algesic chemical 
stimulation of the TMJ and other deep tissues; many of these neurons can be 
antidromically activated from posterior thalamus, which indicates their in 
volvement in ascending nociceptive pathways (Amano et al. 1986; Broton et 
al. 1988; Sessle et al. 1993). The long latency and high threshold of the 
neuronal responses evoked by peripheral stimulation indicate inputs from small- 
diameter afferents. Indeed, an abundance of small-diameter afferents exists in 
nerves supplying the TMJ and masticatory muscles, and many of these affer 
ents project to subnucleus caudalis (see Shigenaga et al. 1988; Sessle and Hu 
1991). Most of the neurons activated by electrical stimulation of TMJ or 
masticatory muscle afferents can also be excited by noxious mechanical or 
chemical stimulation of masticatory muscle, TMJ, and skin. Caudalis neuronal 
activity (Hu et al. 1994; Tsai, Sessle and Hu, unpublished data) and c-fos 
expression (Hathaway et al. 1995) in lamina I and V caudalis neurons can be 
produced by MO injection into the TMJ region, both in the posterior part of 
subnucleus caudalis and Cl dorsal horn, and more rostrally at the caudalis/ 
posterior subnucleus interpolaris transition zone. Furthermore, Shigenaga et 
al. (1988) have indicated that the central terminals of major craniofacial 
muscle afferents, such as those in masseter and anterior digastric nerves, are 
mainly distributed in the posterior two-thirds of subnucleus caudalis and 
upper cervical dorsal horn.

The injection of MO into deep craniofacial tissues such as the TMJ and
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masticatory musculature can also lower the threshold for neuronal activation 
by peripheral afferent inputs and produce an expansion of the deep and the 
cutaneous components of the mechanoreceptive field (RF) of caudalis noci- 
ceptive neurons receiving both superficial and deep craniofacial nociceptive 
inputs (Hu et al. 1992; Yu et al. 1993; Hu et al. 1994). In contrast, the appli 
cation of MO to facial skin may be effective in inducing analogous changes in 
the cutaneous but not the deep RF properties of these neurons. These 
neuroplastic changes appear to reflect a "central sensitization" process akin to 
that observed in spinal nociceptive pathways (see Woolf 1992; Coderre et al. 
1993; Willis 1993; Dubner 1995). Moreover, we have provided the first 
demonstration that these MO-induced neuroplastic changes in V nociceptive 
neurons are associated with an increase in EMG activity in the rat digastric 
and masseter muscles (Hu et al. 1994; Yu et al. 1995). The increase in jaw 
muscle EMG activity can be evoked, for example, by MO application to the 
TMJ region and has a latency of a few seconds and a duration of three to 20 
minutes or more; it can be blocked by prior local anesthesia of the TMJ 
region, which indicates the reflex basis for the EMG activity. Also in adult 
rats in which over 80% of C-fiber afferents were depleted by neonatal treat 
ment with capsaicin (50 mg/kg), MO injection into the TMJ tissues failed to 
evoke EMG activities in any of the jaw muscles (unpublished results, Tsai, 
Sessle, and Hu), which demonstrates the importance of C fibers in mediating 
the MO-evoked EMG activities.

Although previous studies have indicated that critical relays in many 
craniofacial reflexes are located in rostral elements of the V brain stem com 
plex such as subnucleus oralis and the surrounding reticular formation (see 
Sumino 1971; Dubner et al. 1978; Donga and Lund 1991), the above findings 
indicate that caudalis is most likely involved as a critical relay in jaw nocicep 
tive reflexes and in ascending pathways that transmit nociceptive information 
from deep craniofacial tissues. To further study the apparent involvement of 
subnucleus caudalis in these reflex effects induced by MO, we surgically 
transected caudalis and V spinal tract at the obex (n = 8) or made large 
ibotenic acid injections (0.5%, 2 injections, 2.5 mg in 0.5 ml, n = 8) into the 
left caudalis to destroy selectively caudalis neurons. Both manipulations were 
designed to see if the surgical or chemical lesion could block the MO/TMJ- 
induced EMG activity (Tsai et al. 1994). After a four- to six-hour recovery 
period and demonstration of normal physiological conditions, bom manipula 
tions were found to be associated with significantly reduced MO-evoked ipsi- 
lateral digastric and masseter muscle activities (but normal contralateral EMG 
activities when MO was injected into contralateral TMJ region) compared to 
the evoked responses seen in control rats. Four additional control groups in 
which lesions were made elsewhere in the medulla/spinal cord (to rule out that
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the surgical preparation itself could not account for the lesion effects) had 
normal MO-induced EMG activity. We also have used a more localized ibotenic 
acid injection (20 nl, 0.5%, n = 12) to produce a lesion (diameter about 600 
urn) and this also could block the MO-induced EMG increase (Tsai et al. 
1996b). The anterior/posterior location of the effective lesions within caudalis 
corresponded to the posterior peak distribution of MO/TMJ evoked yew-like 
immunoreactive cells (see above) and to the most effective micro-stimulation 
loci (see below).

We also tested whether microstimulation within caudalis can produce 
excitatory effects on digastric and masseter muscles (Tsai et al. 1995). In 16 
rats anesthetized with halothane, electrical microstimulation introduced into 
the posterior brain stem at six rostrocaudal planes (0.5 mm rostral, and 1.0, 
2.5, 4.0, 5.5 and 7.0 mm caudal to obex, i.e., from posterior pole of sub- 
nucleus mterpolaris to C2 dorsal hom) was delivered at different depths within 
medial and lateral caudalis and adjacent reticular formation. EMG activity in 
both ipsilateral digastric and masseter muscles (but not contralateral muscles) 
could be readily evoked in all animals, with the lowest threshold sites (mean ± 
SD, 153 ± 63 uA for digastric and 157 ± 59 uA for masseter) being in 
superficial loci within the posterior caudalis (i.e., 4 mm caudal to obex). The 
threshold for evoking EMG activity in both muscles gradually decreased from 
rostral to caudal planes and was significantly lower in the 4-mm caudal plane 
of caudalis than in the rostral planes; further caudal advancement to the C2 
level (7 mm caudal to obex) also caused the threshold to increase dramati 
cally. The shortest EMG latency (at three times threshold stimulation) was 
also significantly lower with microstimulation at the 4-mm caudal plane (4.4 
± 0.8 ms for digastric and 4.8 ± 0.9 ms for masseter) than at the most rostral 
planes (7.2 ± 2.7 ms for digastric and 8.3 ± 3.3 ms for masseter). Similar 
excitatory effects were found after microinjection of the cell-excitant glutamate 
into the posterior caudalis region, which indicates that neurons and not fibers 
of passage were the critical elements. The evoked EMG activity was limited 
to ipsilateral digastric and masseter muscles with a latency of 4.2 ± 2.8 s and 
duration of 8.5 ± 5.9 min (Tsai et al. 1996a). These findings indicate that 
neurons in the posterior caudalis may produce excitatory effects on both jaw- 
opening and jaw-closing muscles, at latencies suggesting multisynaptic or 
slow conducting paths from caudalis to digastric and masseter motoneurons. 
Together with the lesioning data and earlier documentation of inputs to caudalis 
from deep craniofacial tissues (see above) and for direct or indirect projec 
tions from caudalis to the V motor nucleus (see Dubner et al. 1978; Mizuno et 
al. 1983; Jacquin et al. 1990; Yoshida et al. 1994), the findings support the 
view that subnucleus caudalis is a critical relay in craniofacial nociceptive 
reflexes evoked by deep noxious stimulation.
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NEUROCHEMICAL MODULATION

At the spinal level, stimulation of nociceptive afferent?, particularly C 
flbers, induces the central sensitization process mentioned above; excitatory 
amino acids (EAA), including NMDA-receptor mechanisms as well as 
tachykinins appear to contribute significantly to this central neuroplasticity 
(Woolf and Thompson 1991; Dubner and Ruda 1992; Urban et al. 1994). It 
has been proposed that long-term changes in spinal neurons involve a combi 
nation of increased peripheral drive, increased central neuron excitability, and 
altered intersegmental or descending controls from higher brain regions such 
as the rostral ventromedial medulla (including nucleus raphe magnus) pro 
voked by the initial injury (Coderre et al. 1993; Ren and Dubner 1995). We 
have recently examined the neurochemical mechanisms underlying V central 
sensitization by testing for the involvement of EAA and neurokinin mecha 
nisms in the central excitatory effects of MO. In related experiments, we also 
tested for the involvement of a central opioid-related modulatory process in 
duced by the afferent barrage evoked by MO injection into the TMJ region.

We documented the involvement of NMDA receptor mechanisms in our 
MO/TMJ/EMG model: the NMDA-receptor antagonist MK-801 injected sys- 
temically (0.5 mg/kg, i.v., n = 5) in the third ventricle (i.c.v., 0.1 mg/kg, 
n = 5) or locally into the TMJ region (0.1 mg/kg, n = 5) five minutes before 
the MO injection into the TMJ region can significantly block EMG activity 
(Yu et al. 1996). Interestingly, the i.c.v. injection blocked the masseter but not 
the digastric muscle activity, whereas injection of MK-801 systemically and 
locally blocked MO-induced EMG activity increases in both muscles. This 
finding suggests that NMDA-receptor mechanisms may be differentially in 
volved in the responses of the jaw-opening and jaw-closing muscles to nox 
ious stimuli such as MO. In a single-neuron recording pilot study (Yu, Sessle 
and Hu, unpublished data), we tested five nociceptive neurons receiving cuta 
neous and deep convergent afferent inputs with MK-801 (0.5 mg/kg, i.v.) 
delivered five to 10 minutes prior to MO injection into the tongue muscle; 
MO-801 blocked the cutaneous RF expansion that commonly occurred after 
MO injection in three of five cases and deep RF expansion in five of five 
cases. These EMG findings and neuronal data point to the involvement of 
both peripheral and central NMDA-receptor mechanisms in the relay of 
craniofacial deep nociceptive inputs through subnucleus caudalis.

Recently, we have examined the involvement of neurokinin receptor mecha 
nisms in the MO-evoked EMG activity (Bakke et al. 1996). The initial EMG 
activity increase was not affected by prior administration (i.c.v., 50 nM, 
20 |il, n = 7) of the NK-1 (substance-P) receptor antagonist CP-99,994. 
However, the NK-1 antagonist significantly reduced the EMG response to a 
second MO injection into the contralateral TMJ region. With prior adminis-
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tration of the NK-2 receptor (neurokinin A) antagonist MEN-10,376 (i.c.v. 1 
nM, 20 ul, n = 7), the EMG responses to the first and second MO injections 
did not differ significantly but the duration and magnitude of EMG activity 
was significantly reduced in ipsilateral and contralateral muscles compared 
with the vehicle control group (Bakke et al. 19%). Together with our MK-801 
data (see above), these results suggest that MO may evoke two types of excit 
atory inputs, an initial one involving EAA but not substance P release and a 
later one involving in particular the central release of EAA and neurokinin A.

We have previously documented the involvement of central opioid mecha 
nisms in the MO-induced neuroplastic changes in caudalis nociceptive neu 
rons and associated EMG activity: when systemic (i.v.) or intrathecal (i.t.) 
naloxone was administered 30 minutes after the MO injection, it induced a 
second EMG activity increase ("rekindling") of the MO-evoked EMG activity 
that had returned to baseline level by this time (Yu et al. 1994; Seo et al. 
1995). This rekindling was dependent on the prior occurrence of the MO- 
induced EMG activity because naloxone administration 30 minutes after 
vehicle (mineral oil) injection into TMJ tissue (which itself evoked no EMG 
activity) resulted in no rekindling effect. Naloxone administration five to 10 
minutes prior to the MO injection also significantly enhanced the MO-evoked 
EMG activity. Thus, as we have suggested (Hu et al. 1994; Yu et al. 1994), a 
central opioid modulatory influence on EMG activity appears to be recruited 
by the MO application to the TMJ region and serves to limit the activity 
evoked by the inflammatory irritant. Our data also support the suggestion that 
this opioid suppressive mechanism may be a centrally based process and not 
involve sites in the periphery because the quaternary opioid antagonist 
methylnaloxone (i.v.), which is reported (Schroeder et al. 1991) not to cross 
the blood-brain barrier, was not effective in inducing rekindling.

We have recently demonstrated (Seo et al. 1995) a dose-response depen 
dent process in the naloxone-induced rekindling effect for both i.v. (0.65-2.6 
rag/kg, n = 5 each group) or i.t. applications (1-30 ug, n = 5 each group) and 
rekindling of both ipsilateral and contralateral muscle activities. Furthermore, 
this naloxone-induced rekindling effect may involve the activation of the mu- 
opiate receptor subtype as we have recently demonstrated similar rekindling 
effects with CTOP (i.t., 0.06-0.18 ug, n = 7 each group), a peptide and potent 
specific mu-receptor subtype antagonist (Tambeli et al. 1997). Given that 
CTOP (i.t.) likely remains locally in the caudalis region because of its hydro- 
philic nature (Xu et al. 1992), the target site of the MO-induced release of 
endogenous opioids may be within subnucleus caudalis. Moreover, using single- 
neuron recordings, we have also found that naloxone administered (i.v., 1.3 
mg/kg) 30 minutes after MO was injected into the tongue muscle and after the 
initial RF expansion had subsided, could induce a second RF expansion in
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three of five V caudalis nociceptive neurons tested; 30 minutes after the 
naloxone injection, RF size had returned to its original dimensions (Hu et al. 
1994). These EMG findings and neuronal data clearly point to the likely 
involvement of central opioid mechanisms in a modulatory process related to 
central sensitization.

CONCLUSIONS

Our findings point to the critical involvement of subnucleus caudalis not 
only in the relay of deep nociception to higher brain centers but also to its 
crucial interaeuronal role in jaw reflex responses to deep noxious stimuli. 
TMJ and muscle inputs to subnucleus caudalis evoke excitatory responses in 
nociceptive neurons and associated reflex EMG activity in both jaw-opening 
and jaw-closing muscles. Disruption of caudalis, especially its posterior part, 
by surgical or chemical lesions can block the evoked EMG activity whereas 
chemical or electrical microstimulation in the posterior caudalis can evoke 
EMG response patterns, consistent with a role for caudalis as a critical relay 
in jaw nociceptive reflexes. Thus, it appears that physiological processes in 
volving deep nociceptive inputs may activate neurons in subnucleus caudalis, 
which, through their connections with brainstem reflex centers, can result in a 
cocontraction of agonist and antagonist muscles that can serve to limit move 
ment in pathophysiological conditions affecting the jaw musculature. Further 
more, the neuroplastic changes in caudalis nociceptive neurons by injection of 
MO into deep craniofaciai tissues point also to the occurrence of a central 
sensitization process that accompanies the MO-evoked EMG activity. Neuro- 
chemical mechanisms involving NMDA, neurokinins, and opioids appear to 
modulate these neuroplastic effects in caudalis and the associated neuro- 
muscular changes. These data support the view that the posterior subnucleus 
caudalis is a crucial relay of nociceptive information from deep craniofaciai 
tissues and is critically involved in the expression of nociceptive reflexes and 
their modulation.
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Opioid Involvement in Electromyographic (EMG) Responses
Induced by Injection of Inflammatory Irritant

into Deep Neck Tissues
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Abstract Previously, we have demonstrated (Hu et al., 1993) that injection of the small- 
fiber excitant and inflammatory irritant mustard oil (MO) into deep paraspinal tissues 
surrounding C^-Cj vertebrae can evoke a sustained and reversible increase of electromyo- 
graphic (EMG) activity of neck and jaw muscles, and can also produce an acute inflamma 
tory response. This increased EMG activity lasts up to 20 min; within 30 min following 
MO injection, the activity returns to preinjection levels. The aim of our present study 
was to determine whether an opioid suppressive mechanism may be involved in limiting 
the increased EMG activity, despite the presence of an ongoing inflammatory response. 
Three doses (0.6 mg/kg, 1.2 mg/kg, and 2.5 mg/kg) of the opioid antagonist naloxone, 
along with vehicle (saline), were administered intravenously to determine whether nalox 
one is capable of inducing a significant recurrence ("rekindling" effect) of EMG activity. 
A dose-dependent process in the naloxone-induced rekindling effect was demonstrated 
for the area under the curve of rectified and integrated EMG activity. At the highest dose 
(2.5 mg/kg), the relative area of naloxone-evoked EMG activity increases reached 83% 
of the original MO-induced EMG activity level. These results suggest that a central opioid 
suppressive mechanism is activated by the MO-induced small-afferent barrage, and that 
this may limit the duration and magnitude of the evoked EMG changes.

Key words endogenous opioids, naloxone, neck, electromyography, inflammatory 
irritant

Our recent studies in rats have demonstrated that injection 
of the small-fiber excitant and inflammatory irritant mustard 
oil (MO; Jancso" et al., 1967; Woolf and Wall, 1986; Hand- 
werker and Reeh, 1991) into deep paraspinal cervical tissues 
evokes a sustained and reversible increase in electromyo- 
graphic (EMG) activity in neck and/or jaw muscles, and 
also produces an acute inflammatory response characterized 
by plasma extravasation (Hu et al., 1993). Similar studies 
in which MO was injected into the temporomandibular joint 
(TMJ) region have also documented a sustained and revers 
ible increase in EMG activity in jaw muscles (Yu et al., 
1994, 1995). The increased EMG activity usually lasts up 
to 20 min, although the plasma extravasation lasts longer 
than 4 hr (Haas et al., 1992; Hu et al., 1993; Yu et al.,

!• To whom all correspondence should be addressed, at Faculty of Den 
tistry, University of Toronto, 124 Edward Street, Toronto, Ontario M5G 
KM, Canada; e-mail: jhu@dental.utoromo.ca.

1994, 1995). These EMG activity increases may have a 
reflex basis, since prior injection of a local anesthetic into 
the TMJ blocks increased EMG activity (Yu et al., 1995). 
These findings suggest that trauma or noxious stimulation 
of deep tissues may produce a sustained excitation of several 
neck/masticatory muscles, which may serve to protect these 
regions from potentially damaging movements (Sessle and 
Hu, 1991). In addition, activation of C fibers by electrical 
stimulation or by application of irritants such as MO or 
formalin is particularly effective in inducing these trigeminal 
(V) brainstem neuronal changes (Hu et al., 1992, 1994; Yu 
et al., 1993; Raboisson et al,, 1995). Such reflex effects 
have also been implicated in neck pain conditions and may 
have their basis in the "central sensitization" of central noci- 
ceptive neurons (Yu et al., 1995; see also Sessle and Hu, 
1991; Hu et al., 1994). These nociceptive neurons may 
serve as reflex interneurons in jaw and neck motor pathways 
(Abrahams and Richmond, 1988; Hu et al., 1992; Yu et 
al., 1993;Tsaiet al., 1994).
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Subsequent work has shown that once the EMG activity 
returns to baseline level, and naloxone is administered (i.v.) 
30 min after the MO injection into the TMJ, a recurrence 
or "rekindling" of the MO-evoked EMG activity is induced 
(Yu et al., 1994). This rekindling is dependent on the prior 
occurrence of MO-induced EMG activity, since naloxone 
administration 30 min after injection of a vehicle (mineral 
oil) into TMJ or muscle tissue (which itself evokes no EMG 
activity) does not demonstrate this rekindling effect. This 
opioid suppressive mechanism associated with EMG in 
creases induced by MO injected into the rat TMJ region 
(Yu et al., 1994) may be a centrally based process and 
may not involve sites in the periphery, since the quaternary 
opioid antagonist methylnaloxone (i.v.), which is reported 
(Schroeder et al., 1991) not to cross the blood - brain barrier, 
is ineffective in inducing rekindling. The present study was 
initiated to determine whether similar opioid mechanisms 
may also be involved in limiting the increased EMG activity 
found in the neck region following injection of MO into the 
paraspinal tissues. Becaue endogenous opioids have been 
implicated in the modulation (limiting) of central and periph 
eral nociceptive transmission associated with injury or in 
flammation of peripheral tissues (Besson and Chaouch, 
1987; Ramabadran and Bansinath, 1990; Dubner and Ruda, 
1992; Hargreaves and Joris, 1993; Stein, 1993), the opiate 
antagonist naloxone was used to test for the possible involve 
ment of endogenous opioids in modulating the EMG re 
sponse evoked by the injection of MO into the paraspinal 
(neck) region.

Some of these data have been briefly presented in ab 
stract form (Hu et al., 1995).

MATERIALS AND METHODS

All procedures carried out in this study were approved by 
the University of Toronto Animal Care Committee in accor 
dance with the regulations of the Ontario Animal Research 
Act. The study was conducted on 27 male Sprague-Dawley 
rats (250-380 g) and involved methods similar to those 
previously described in detail (Hu et al., 1993; Yu et al., 
1994). Thus, only a brief description follows. Under general 
anesthesia (1/3 O2 , 2/3 N2O, and 2-3% halothane), a can- 
nula consisting of a 30-gauge needle connected to a 20-ml 
Hamilton syringe with polyethylene tubing for injection was 
placed in the paraspinal tissue near the C,-C2 vertebrae, 
passed through the left trapezius and deep neck muscle, and 
then fixed in place. A special head connector (see Hu et 
al., 1993) was cemented onto the skull with two small jewel 
screws and dental cement. This head connector apparatus 
functioned to stabilize the head without the use of stereotaxic 
instruments, thereby eliminating any possible noxious input 
induced by the tooth or ear bars of the stereotaxic equipment. 
The head and neck positions were adjusted especially care 
fully, to insure that minimal EMG activity would be elicited

from any of the neck muscles because of postural variation. 
During EMG recordings (see below), the halothane concen 
tration was maintained at 0.6-0.8% so that when noxious 
pressure was applied to the hindpaw, it would induce only 
a slight flexion reflex of the hindlimb. Heart rate, percentage 
of expired CO2 , and body core temperature were continu 
ously monitored and maintained at 330-430/min, 4-5%, 
and 37-37.5°C, respectively. These are the same physiolog 
ical parameters maintained in a similar procedure in which 
a C-fiber-related reflex was studied in the hindpaws of simi 
larly anesthetized rats (Falinower et al., 1994; Guirimand 
etal., 1994).

The animals were divided into four groups. In each 
group, EMG activity levels were first recorded for 20 min 
before MO injection to establish a baseline. MO (20% allyli- 
sothiocyanate [in 20 ml mineral oil] BDH, Poole) was then 
injected into the cervical paraspinal region of the Cj-Cj 
vertebrae region via the cannula-needle system described 
above, followed 30 min later by the administration of either 
saline (vehicle for naloxone, i.v., group 1, n = 6) or the 
opiate antagonist naloxone (groups 2-4). After the saline/ 
naloxone administration, the EMG activity was continu 
ously monitored for another 30 min. The animals in groups 
2, 3, and 4 (n = 7 for each group) were tested using three 
different doses of naloxone (0.6, 1.2, and 2.5 mg/kg, i.v., 
respectively). Pairs of bipolar EMG electrodes (36- to 40- 
gauge, single-stranded, Teflon-coated stainless steel wire; 
interpolar distance, 0.5 cm; exposed tips, 0.5 mm) were 
then inserted through the intact skin into the masseter and 
trapezius muscles on the side ipsilateral (left) to the injection 
site (see below) and bilaterally into the deep neck muscles 
(rectus capitis posterior). Electrode locations were checked 
by dissection after each experiment, and confirmed in all 
the target muscles mentioned above. From 2 to 3 hr after 
the initial anesthesia induction, the resting EMG activity in 
these muscles was monitored before, during, and after the 
injection of MO into the deep paraspinal tissues of the left 
side of the neck, followed by intravenous injection of saline 
or naloxone. The MO was injected via a dorsal approach, 
1.5 cm behind the occipital ridge and 5 cm lateral to the 
midline (Hu et al., 1993). The injection site was I cm below 
the skin surface, within the paraspinal tissues around the 
C]-C2 vertebrae.

Before the MO injection, the EMG activity of each 
muscle was amplified for 20min. EMG activity was continu 
ously recorded 30 min after MO injection (gain, x 1000- 
5000; bandwidth, 30-3000 Hz) and displayed on oscillo 
scopes, and also recorded on a computer system (see below). 
Naloxone or saline was injected when the EMG activity 
returned to baseline level, and then an additional 30 min of 
EMG recording was carried out. The EMG data were re 
corded directly into the computer via an analog-to-digital 
converting interface (1401plus, CED, Cambridge) and were 
processed off-line with the Spike2 program (CED, Cam-
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bridge). The EMG signals were rectified and integrated. 
Since the increase in EMG activity induced by the injection 
of MO lasted up to 20-30 min (see "Results"), the EMG 
activity was rectified and integrated after every 1-min block 
to allow the area under the curve of any EMG response to 
be calculated. During the pre-MO-injection period of 20 
min, the area under the curve of EMG activity in each 
minute was converted into twenty 1-min block data points, 
and the mean and standard deviation (SD) were expressed. 
Increases in EMG activity were determined by a change 
above the baseline level if one or more EMG data points 
rose 2 SD above this mean value. All data points were 
normalized relative to this mean value and expressed as a 
percentage of the mean baseline level of EMG activity; the 
values are reported here as mean ± SD. In order to avoid 
the intrinsic property differences existing between muscles, 
we also normalized the rekindling effect according to each 
muscle's own baseline (i.e., its own original MO-induced 
EMG activity increase) as 100%. The time period from the 
beginning of the injection to the increase in EMG activity 
was designated as the latency of the response, and the time 
period from the increase in EMG activity to recovery to the 
baseline level of EMG activity was designated as the dura 
tion of the response.

There was no significant variation in the EMG activity 
of each muscle before vehicle injection in all rats injected 
with MO (Wilcoxon test, p > 0.05). As such, all preinjec- 
tion data points for each muscle were pooled. In order to 
assess the effect of naloxone, an a priori Fisher's exact 
probability test between the saline group and one of the 
three naloxone groups was used. The Wilcoxon test was 
used for statistical comparisons between the mean value 
representing the preinjection level of EMG activity (see 
above) and any data point of the postinjection periods. In 
order to determine the naloxone effect on other measure 
ments (i.e., duration, latency, and area under the curve), 
an a priori Dunnett's test between the saline group and one 
of the three naloxone groups was used after the analysis of 
variance (ANOVA; F test). If the homogeneity test failed 
(p < 0.01; Winer, 1962), a Kruskal-Wallis H test was 
substituted for further analysis. If the F or H value was 
significant, the likelihood of a slope for the dose-response 
curve's being zero would be low; thus the dose-response 
relationship was established. Dunnett's test followed the F 
orH test between the saline (vehicle control) group and one 
of the three naloxone groups. Values were expressed as 
mean ± SD and p < 0.05 (two-tailed) was regarded as 
significant.

Previous studies in our laboratories (Haas et ah, 1992) 
showed that when MO was injected into deep craniofacial 
tissues, visual localization of Evans blue dye conjugated 
with extravased plasma protein correlated well with the 
spectrophotometric detection of Evans blue dye, as well 
as with the presence of other histological parameters of

inflammation (such as the presence of polymorphonuclear 
leucocytes). Therefore, at the end of each experiment in the 
present study, Evans blue (0.2 ml, 1%) was injected through 
a catheter inserted into the right external jugular vein 70 
min after injection of MO. The animal was given a lethal 
injection (T61, Hoechst, Montreal) 20 min later. The MO 
injection site was visually localized according to the appear 
ance of extravasated dye, and was then outlined on a stan 
dardized drawing of the neck region of the rat.

RESULTS

The Effects of MO Injections on EMG Activity

As in our previously published results (Hu et al., 1993), 
MO injected into the paraspinal region produced an increase 
in EMG activity in all the muscles examined in all four 
groups (the saline group plus the three different naloxone 
dose groups). The latency of this MO-induced EMG re 
sponse was very short (<l min; see Fig. 1 and Hu et al., 
1993), and thus the data were not analyzed further and are 
not presented in Table 1. In order to simplify the graphic 
presentation, only the saline group and the 2.5-mg/kg nalox 
one group are presented in Figure 1 (the 0.6- and 1.2-mg/ 
kg groups are not shown). Table 1 shows that MO-induced 
EMG responses were similar (p > 0.05) for the incidences 
(Fisher's exact probability test), areas (ANOVA), and dura 
tions (ANOVA) in all four muscles examined. Thus, we 
have replicated our previously published results and have 
provided an equal basis for naloxone treatment (see below). 
The MO injection site was visually localized according to 
the appearance of extravasated Evans blue dye and was 
found within the region of the C { -C2 paraspinal tissues in 
all rats (Hu et al., 1993). Also note that the masseter EMG 
response pattern was generally smaller than those observed 
in the neck (left and right deep neck and trapezius) muscles.

The Effects of Naloxone Injection on EMG Activity

The saline injection group did not produce significant EMG 
increases (p > 0.05, Wilcoxon test) 30 min after the MO 
injection into the paraspinal region. In contrast, the opiate 
antagonist naloxone at various doses produced significant 
increases in the incidence of the recurrence of EMG activity 
(Table 2; Fisher exact probability test between the saline 
group and all three naloxone groups within the same mus 
cle). Similarly, latency data showed that all naloxone groups 
were significantly different from the saline group in all four 
muscles (Kruskal-Wallis H tests). With respect to area un 
der the curve, naloxone (0.6 mg/kg, 1.2 mg/kg, 2.5 mg/ 
kg) administered (i.v.) 30 min after MO injection produced 
dose-dependent EMG activity increases in all four muscles 
(the data are presented in Table 2 and Fig. 2). For area 
measurement, the 1.2-mg/kg group (only masseter muscle)
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EMG CHANGES IN NECK AND JAW MUSCLE
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FIGURE 1 . The effects of MO injection into the left deep neck region, and the effects of naloxone, oa EMG activity. For clarity, the 
data from the 0.6-mg/kg and 1.2-mg/kg naloxone groups are not shown; the data from the saline and 2.5-mg/kg groups are shown in 
A and B, respectively. Vertical bars represent SDs. Asterisks represent the significant differences (Wilcoxon test, p < 0.05). Note that 
only significant data points are shown in the 2.5-mg/kg naloxone group. MO-induced EMG activity was higher in amplitude but shorter 
in duration, whereas naloxone- induced EMG activity was lower in amplitude and more prolonged in duration. Filled triangles represent 
the data from the saline (vehicle) group; filled circles represent the data from the 2.5-mg/kg naloxone group.

and the 2.5-mg/kg group (except the right deep neck muscle) 
were significantly different from the saline group. Even 
more interesting, the relative ratio of the rekindling effect 
related to the original MO-induced EMG activity (as 100% 
of the area) was a dose-dependent function. When all four 
muscle observations were averaged into a single mean, these 
mean relative ratios were 3.3% (saline group), 18% (0.6- 
mg/kg naloxone group), 37% (1.2-mg/kg naloxone group), 
and 83% (2.5-mg/kg naloxone group), and the pattern of 
these four data points fit a monotonic function (see Fig. 2). 
Like the area measure, the duration measure showed that 
both the 1.2- and the 2.5-mg/kg groups were significantly 
different from the saline group. For these measurements of 
incidence, latency, and duration, no clear demonstration of 
dose-response function was found. As noted earlier, the 
0.6- and 1.2-mg/kg groups are not shown in Figure 1 to 
simplify the presentation, but the detailed properties are 
described in Table 2. However, Figure 1 clearly demon 
strates the time course and magnitude of this naloxone rekin

dling effect. As stated above, the averaged magnitude of 
this effect reached a maximum of 83% of the original MO- 
induced muscular electrical activity level. However, the nal- 
oxone-induced effect was rather a slow process (6-15 min 
to reach 2 5D), had a prolonged time course, and had lower 
peak electrical activity levels (see example in Fig. 1) than 
the original MO-induced EMG activity.

DISCUSSION

In addition to replicating our previously published results 
concerning MO-induced EMG activity increase in the neck 
region (Hu et al., 1993), our present study demonstrates a 
dose-dependent process in the naloxone-induced neck "re 
kindling" EMG effects, suggesting that an opioid receptor 
mechanism may be involved. Both ipsilateral and contralat- 
eral neck muscle activities were rekindled by intravenous 
naloxone. At the highest naloxone dose of 2.5 mg/kg, the 
relative area under the curve of naloxone-produced recur-
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TABLE 1. The Effects of MO Injections on EMG Activity

L. masseter L. deep neck R. deep neck L. trapezius

Saline (n = 6)
Incidence (%)
Area (mV/sec)
Duration (min)

0.6 mg/kg naloxone (n = 7)
Incidence (%)
Area (mV/sec)
Duration (min)

1.2 mg/kg naloxone (n = 7)
Incidence (%)
Area (mV/sec)
Duration (min)

2.5 mg/kg naloxone {n - 7)
Incidence (%)
Area (mV/sec)
Duration (min)

83%
13.8 ± 8.4
12.2 ± 11.3

57%
2.1 ± 2.3

13.3 i 13.0

100%
9.8 ± 7.6

20.4 ±9.3

100%
3.4 ± 3.9

16.6 i 10.0

100%
14.7 ± 8.7
15.7 ± 12.9

100%
15.5 ± 14.4
22.3 ± 7.7

100%
16.4 ± 8.2
20.4 ± 9.5

100%
31.9 ± 19.7
20.3 ± 8.4

100%
14.8 ± 6.8
12.2 ± 8.7

100%
16.8 ± 19.1
23.7 ± 7.5

86%
22.5 ± 7.7
18.7 ± 11.4

86%
13.8 ± 17.8
12.7 ± 10.56

100%
16.7 ± 14.7
16.7 ± 11.9

100%
13.1 ± 13.6
17.1 ± 6.6

100%
23.7 ± 7.5
21.7 ± 5.9

86%
24.1 ± 20.0
20.0 ± 10.0

Note. No comparison between measurements in any muscle was significantly different. All incidence measurements 
were tested with Fisher's exact probability test. The area and duration measurements were tested with Dunnett's 
test after the ANOVA test, except the area of the left masseter, for which the Kruskal-Wallis H test was used 
instead of the ANOVA test, and p = 0.045 (not significant, two-tailed).

TABLE 2. The Effects of Naloxone Injections on EMO Activity

L. masseter L. deep neck R. deep neck L. trapezius

Saline (a = 6)
Incidence (%)
Area (mV/sec)

Relative ratio"
Latency (min)*
Duration (min)

0.6 mg/kg naloxone (n = 7)
Incidence (%)
Area (mV/sec)

Relative ratio
Latency (min)
Duration (min)

1.2 mg/kg naloxone (n = 7)
Incidence (%)
Area (mV/sec)

Relative ratio
Latency (min)
Duration (min)

2.5 mg/kg naloxone (n = 1)
Incidence (%)
Area (mV/sec)

Relative ratio
Latency (min)
Duration (min)

0%
0.24 ± 0.4

1.7%
—
0

86%*
0.68 ± 0.61

32%
16.7 ± 5.5
6.1 ± 3.2

71%*
2.1 ± 2.0

21%
13.3 ± 2.4
10.4 ± 8.5

86%*
4.4 ± 6.4*
129%

15.6 ± 4.9
9.7 ± 6.3*

0%
0.48 ± 0.67

3.3%
—
0

86%*
4.8 ± 5.0

5.2%
8.0 ± 4.4
9.5 ± 7.2

86%*
5.6 ± 6.4

34%
6.6 ± 4.2

18.4 ± 8.2

100%*
14.8 ± 13.3*

46%
10.3 ± 4.4
16.7 ± 7.2*

0%
0.42 ± 0.37

2.8%
—
0

86%*
5.0 ± 7.9
29%

7.4 ± 4.3
8.2 ± 6.8

86%*
7.6 ± 17.8

• 39%
8.7 ± 4.3

15.1 ± 5.9

86%*
10.7 ± 13.7*

78%
12.3 ± 5.4
14.6 ± 8.8*

0%
0.6 ± 0.52

3.6%
—
0

71%*
0.8 ± 0.7

6%
12.6 ± 1.5
13.0 ± 5.5

100%*
12.6 ± 1.5

53%
9.9 ± 4.5

14.4 ± 6.7

100%*
18.8 ± 24.4*

78%
9.7 ± 3.9

14.7 ± 7.9*

Note. All significance levels (p < 0.05, two-tailed) were calculated by a priori test between the saline group and 
one of the three naloxone groups. Incidences were tested with Fisher's test. Latency data were not tested for 
significance, because the saline group did not have a latency value. Duration data were tested with F test. The 
areas of the masseter, right deep neck, and trapezius muscles were tested with H test, whereas the area of the left 
deep neck muscle was tested with F test.
• Latency for the saline group could not be estimated, and a cutoff value (30 min) was used for consequent 
calculation because no data point was found to be significant.
* "Relative ratio" is the area value of the naloxone-induced EMG activity versus the original MO-induced EMG 
activity for each of the individual muscles. See "Methods" for details.
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FIGURE 2. Relative ratio of EMG activity provoked by naloxone 
injection to the original EMG activity provoked by MO injection. 
Data from four different muscles are presented as points with 
assigned symbols shown in the key, and the average value from 
these four muscles is presented as the line.

rence of the EMG activity changes reached 83% of the 
original MO-induced EMG activity level, and was more 
prolonged in duration and much lower in amplitude. The 
MO-induced EMG activity increase is consistent with the 
concept of "central sensitization" (Dubner and Ruda, 1992; 
Woolf, 1992; Hu, 1993; Hu et al., 1994), and the ability 
of the opiate antagonist naloxone to rekindle this EMG in 
crease is consistent with our other findings in TMJ tissues 
(Yu et al., 1994), showing the involvement of endogenous 
opioids in modulatory mechanisms underlying central sensi 
tization. The rationale and the development of this neck- 
MO-EMG model, pertaining to the appropriate control 
groups, technical considerations, long-term EMG recording 
stability, EMG recording techniques, and associated anal 
yses, are similar to those outlined in our previous paper (Hu 
et al., 1993) and so need not be repeated. This discussion 
is limited only to those points relevant to naloxone-induced 
rekindling effects.

Naloxone is a well-documented nonselective opiate an 
tagonist to all three types of opioid receptor subtypes; how 
ever, it has been suggested that naloxone acts mainly on the 
mu receptor subtype (see Jaffe and Martin, 1990). Naloxone 
has been shown to antagonize modulatory effects on V and 
spinal nociceptive neurons and associated reflexes (see Bes- 
son and Chaouch, 1987; Sessle, 1987; Ramabadran and 
Bansinath, 1990; Hu, 1993). Our present findings cannot 
resolve which of these opioid receptor subtypes is involved

in this rekindling effect. Moreover, Guirimand et al. (1994) 
have demonstrated that opiate antagonists, including nalox 
one and mu, delta, and kappa subtypes, could antagonize 
the suppressive effects caused by the intrathecal injection 
of morphine to the C-fiber evoked by electrical stimulation. 
Our model and Guirimand et al.'s model relate to C-fiber- 
evoked reflexes, but there are two important differences: 
(1) In their model rats received an exogenous opiate agonist 
(morphine) by intrathecal application, whereas in our model 
an endogenous opioid (or opioids) was triggered and re 
leased by MO application. (2) Our EMG recordings were 
provoked by a single MO application, whereas the C-fiber 
reflex was evoked by repeated electrical stimuli at'C-fiber 
strength. Nonetheless, their results suggest the possibility 
that all three opioid receptor subtypes may be involved in 
our neck-MO—EMG model.

The time course (latency and duration) of the rekindling 
effect is consistent with the effects of naloxone in antagoniz 
ing these modulatory effects (including periaqueductal grey 
[PAG] or nucleus raphe magnus [NRM] stimulation-induced 
analgesia) and to neuronal and reflex responses to noxious 
stimuli in the V system (Sessle et al., 1981; Yu et al., 
1991). Administration of naloxone alone has been shown 
to enhance spinal motor reflexes induced by electrical stimu 
lation (e.g., Goldfarb and Hu, 1976; Catley et al., 1983). 
However, we have preliminary data to indicate that the 
action site for this naloxone-induced rekindling effect is 
most likely involved with sensory second-order nociceptive 
neurons in subnucleus caudalis or cervical dorsal horn; there 
fore, naloxone is unlikely to act on the motor neurons. In 
a pilot study using single V subnucleus caudalis neuron 
recordings (Hu et al., 1994), we found that naloxone admin 
istered (i.v.) 30 min after MO was injected into the tongue 
muscle after the initial receptive field (RF) expansion had 
subsided could induce a second RF expansion in three of five 
caudalis nociceptive neurons tested; 30 min after naloxone 
injection, RF size had recovered to its original dimensions. 
These EMG findings plus our pilot neuronal data point 
clearly to the probable involvement of central opioid mecha 
nisms in the central sensitization process.

A previous study (Yu et al., 1994) found that naloxone 
did not produce any rekindling effects after MO injection 
into the TMJ region; thus, the EMG increase was dependent 
on the previous occurrence of MO-induced effects. These 
findings suggest that an opioid mechanism is triggered by 
the MO injection and attenuates the EMG activity, which 
can then be rekindled by naloxone. Our present study used 
a dose-response approach, as opposed to the use of a single 
dose (1.3 mg/kg) of naloxone in the previous study (Yu et 
al., 1994). However, our present study did not use the 
peripherally acting opiate antagonist methylnaloxone (Yu et 
al., 1994) to rule out the peripheral opioid activity. Never 
theless, in conjunction with our previous TMJ study (Yu et 
al., 1994), the evidence suggests that the rekindling of the
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EMG activity induced by naloxone may be produced by an 
antagonism of an inhibitory effect of central origin. Both 
the central sensitization process and the opioid modulatory 
mechanism may play important roles in the clinical situation 
relating to pain and dysfunction in the neck region. Previ 
ously, we suggested (Yu et al., 1994; see also Hu et al., 
1994) that the central opioid modulatory influence on EMG 
activity appears to be recruited by the MO application to 
the TMJ region, and that it serves to limit the activity evoked 
by the inflammatory irritant. Local and/or descending modu 
lation could underlie the opioid-related rekindling effects 
that the present study has discovered; however, the exact 
origin and the loci of this endogenous opioid remain to be 
elucidated. The intricate organization and the variety of 
inputs from neck tissues and interconnections of cervical 
dorsal horn (Smith et al., 1991; Abrahams et al., 1993) as 
well as V subnucleus caudalis (Sessle et al., 1986; Sessle 
and Hu, 1991) provide the basis for numerous central inter 
actions between the various inputs derived from peripheral 
tissues (e.g., segmental inhibition) or from intrinsic brain 
regions (e.g., descending inhibition from the PAG, NRM, 
and other brain centers). These modulatory processes in 
volve a variety of endogenous neurochemical substances, 
including an endogenous opioid, that may involve presyn- 
aptic or postsynaptic regulatory processes (Fields and Bas- 
baum, 1994; Yaksh and Malmberg, 1994).

Extensive sensory and reflex studies have been per 
formed in the V system, but few studies have been con 
ducted in the neck region (see Abrahams et al., 1993). The 
present study, in addition to our previous studies of MO- 
induced EMG activity increase in the neck muscles, furthers 
our understanding of nociceptive processes and reflex path 
ways in the neck region. In conclusion, the neck system 
may operate with neural processes similar to those found in 
the V (and the limb) system, including central sensitization 
and opioid modulatory mechanisms.
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The purpose of this study was to assess intra- and inter-examiner reliability of 
the manual modified sphygmomanometer dynamometer (MSD) for use in 
manual muscle testing of neck muscles. A secondary objective was to provide a 
preliminary determination for both genders of the normative range of values or 
neck muscle strength with this device. A convenience sample of 40 
asymptomatic volunteer subjects, consisting of 20 males and 20 females, selected 
from the Canadian Memorial Chiropractic College, Toronto, Ontario, student 
and staff population, was obtained, ranging in age from 26-30 years. Each 
examiner conducted two trials of isometric, subject-initiated neck muscle 
strength testing in four cervical ranges of motion (flexion, extension, and right 
and left lateral bending) with a 35-s rest interval between trials. Data were 
analysed descriptively for each test for both genders. Coefficients of variation 
were calculated. The unpaired /-test was used to determine any differences 
between male and female neck muscle strengths. The Intra-class Correk :ion 
Coefficient (ICC) was used to determine intra- and inter-examiner reliability. The 
ICCs greater than 0-70 were considered to be clinically significant fo- reliability. 
A normative database was calculated for all four tests for each gendt r showing 
generally acceptable coefficients of variation. Side-to-side (right-to-lefr) 
differences and flexion/extension ratios were consistent with previously reported 
values in normal subjects. Values for males were substantially greater than for 
females on all tests. The ICCs for intra-examiner reliability ranged from 0-81 to 
0-98, while these ranged from 0-65 to 0-86 for inter-examiner reliability. A first 
approximation of a normative database is presented which conforms to expected 
findings such as lower values for flexion as compared to extension and limited 
side-to-side differences. Strength values for males appear to be significantly 
greater than for females. With minor exceptions for some male subjects, the 
manual MSD appears to be an instrument which can be employed consistently 
between and among examiners in testing the strength of neck muscles in normal 
subjects. The manual MSD is offered as a potentially useful tool in the 
quantitative assessment of neck function.

CormjwafeiKr: H. T. Vimm DC ICCStCl Canailinn Minimal Chinpractk College. 1900 Bayvitu.- Ai'cmu, Tororta. Ontario. Cana.ii MjG JEf
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Introduction

Manual muscle testing has proved useful in the clinical 
setting for determining the strengths of various muscles, 
the limitations and level of sincerity of patients, and the 
prognosis and progress of treatment programmes 
(Iddings el al 1961; Kendall & McCreary 19S2; Marino 
et al. 1982; Wadsworth et al. 19S7; Hsieh & Phillips 
1990). This type of testing is not entirely objective and 
relies on such factors as the skill of the tester, strength of 
the tester and the testing procedure itself (Beasley 1956; 
Nicholas el al. 1978; Wikholm & Bohannon 1991). For 
these reasons, obtaining an accurate quantitative measure 
of muscle strength is challenging to the clinician and 
researcher alike.

When considering the cervical spine in particular, 
any weakness in neck muscle strength may be important 
in revealing clinically significant information on neck, 
shoulder and arm disorders (Defreitas & Vitti 19SO, Bull 
el al. 1984; Harms-Ringdahl & Schuldt 19S8; Schuldt & 
Harms-Ringdahl 198Sa,b). It has been shown that specific 
cervical muscles predominate in specific actions of neck 
motions, thereby making it possible to test fairly specific 
muscles in the neck (Defreitas & Vitti 1950; Bull et nl. 
19S4; Harms-Ringdahl & Schuldt 19S8; Schuldt & Harms- 
Ringdahl 1988a,b). It has also been shown that certain 
occupational conditions can result in fatigue and weak 
ness of various muscles around the neck and shoulders 
(Hagberg 1984; Harms-Ringdahl & Schuldt 1990; 
Viikara-Juntura el al. 1994), thereby leading to pain 
complaints in these areas.

Several instruments, including strain gauges (Kenney 
1965; Bohannon 1987; Triano & Schultz 1987; Schuldt 
& Harms-Ringdahl 1988a,b), hand-held dynamometers 
(Edwards & McDonnel 1974; Hyde el al. 19S3; Bohannon 
1986; Bohannon & Andrews 1987) and modified 
sphygmomanometer dynamometers (MSDs) (Helewa 
et al. 1981; Isherwood et al. 1983; Helewa et al. 1986; 
Bohannon & Lusardi 1991; Vernon et nl. 1992; Perossa et 
al. 1996) have been studied, with high levels of reliability 
being reported. Vernon et al. (1992) studied the use of a 
wall-mounted MSD in neck strength testing and reported 
high reliability for all ranges. A preliminary normative 
data base was also reported. Vernon et al. (1992) found 
that flexion strength was typically 60% of extension 
strength and side-to-side differences were less than 10%. 
Symptomatic subjects showed some clinically important 
differences from the normal subjects; namely, greatly 
reduced strength values and a greatly reduced flexion/ 
extension ratio. Vemon el al. (1992) concluded that 
chronic neck pain may be associated with reduced neck

flexor muscle strength. Bussieres (1??-^ reviewed a 
variety of assessment procedures for the cervical spine. 
The data on strength testing in this review is essentially 
in agreement with the findings of Vernon t-.' ii/. ili1^!.

Several studies have been published on various kind* 
of MSDs have shown these instruments to be reliable 
when testing the strength of neck (Vernon c'.1 ,;.'. hV: 
hip (Perossa et al. 1996), shoulder (Helewa rr ,;:. ]o<i. 
19S6) and elbow (Bohannon & Lusardi 1??!' musA's. 
The device used in this study is a manual MSD. This 
device may provide several advantages over other insrn:- 
ments used for quantitative muscle strength testing. Firs! 
it is a practical device that neither requires any noun:::-.,; 
apparatus nor complicated set-up. Secondly, ii Is inexpen 
sive and portable, and thus, can be used very er'rec::\e'y 
in a clinical setting. Thirdly, it is comfortable to tho 
patient and the examiner, thereby maxiniiz::-.^ <;:b!t.v:' 
compliance.

Since no studies have measured neck muscle sirer^rh 
using the manual MSD, the present authors iniri.ireci ;h;s 
study in asymptomatic male and female subjects !.vhvei-:i 
the ages of 25 and 30 years. The objectives of ::v siii.iy 
were: (1) to establish a preliminary normative eij:.*. iv..< 
for neck muscle strengths in normal subjects: 2 :o :-•>: 
the hypothesis that males would provide hkihe: -::v.-^;:i 
values than female subjects in any tested me::.'."- .vv ,: 
to determine the level of intra- and in:er-c::.-:::::\:' 
reliability of manual muscle testing using the :-..v •.;;.! 
MSD, with clinically significant reliability indie:?:.\: :•;. :•:'.' 
Intra-class Correlation Coefficient (ICC) greater:!.;:; v.1 V.

Materials and methods

Subjects
A total of 40 subjects between the ages of 25 anO. A1 
years participated in the study. Out of this groii". -••? 
were male and 20 were female. The subjects v.cri; 
verbally screened for any cervical spine pathology. >::cr. 
as any known congenital anomaly, history of fracture or 
history of surgery. Other inclusion criteria consisted or: 
no active profile of headaches, (greater than one per 
week), no neck pain within the past 6 months and no 
known history of hypertension. Each volunteer was given 
a written informed consent form to sign prior to testing.

Examiners

Two graduating chiropractors served as the examiner;. 
The examiners practised the testing procedure for several
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Figure I. The manual modified sphygmomanometer dynamometer devised by Dr A. Schulte.

hours prior to the study in order to standardize the 
method of testing.

Instrument

The test instrument used in this study was the manual 
MSD devised by Dr A. Schulte (see Fig. I). The device 
was created by altering the position of the air tube and 
meter on a standard sphygmomanometer to a fixed 
position on the front of the cuff. The length of the cuff 
was also shortened so as to produce a ring of material 
suitable for the size of a single hand. To begin testing, the 
cuff was pumped to 20 mmHg as a starting point so that 
the bladder became inflated. The inflated cuff was then 
held in the tester's right hand while the left hand 
stabilized the subject being tested.

Test protocol

The subject was seated comfortably in a chair with a high 
seat-back in order to stabilize their trunk. The hands were 
held comfortably in the lap in order to reduce any

attempted addition of resistance from the arms and trunk. 
No other stabilization or isolation was provided. The 
subject was instructed to gradually push to maximum 
contraction against the inflated bladder, a method known 
as the patient-initiated method (Hsieh & Phillips 1990 i. 
The pressure exerted against the cuff, which is a measure 
of the peak force output of the muscle groups being 
tested, xvas measured on the cuff dial. A one-way valve at 
the air tube ensured that the needle position was main 
tained so that an accurate measurement could be taken. 

Manual muscle testing was performed on the neck 
muscles in flexion, extension, and right and left lateral 
bending. Each subject was instructed on how to perform 
the test and was given one practice trial in neck extension 
to familiarize him or herself with the test procedure. 
Examiner 1 measured all four neck strengths with a 35-s 
rest period between duplicate measurements. Examiner 2 
repeated the above procedure on the same subject 
immediately after Examiner 1. The order of the motions 
tested was randomly altered between examiners. An 
assistant read and recorded the values obtained from the 
meter.
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Figure 2. The procedure for testing neck flexion.

The patient-initiated method was utilized which 
involves the patient initiating maximal exertion against 
the device gradually while the tester resists any motion in 
the opposite direction of the force.

The procedure for neck flexion involved seating the 
subject with the head in slight extension so that the head 
was held in a neutral position once contraction began (see 
Fig. 2). The tester placed the partially inflated bladder 
on her right hand and ensured a starting pressure of 
20 mmHg. The tester stood at the subject's right 
shoulder and stabilized it with her left hand while the 
cuffed right hand was place on the subject's forehead. To 
start the test, the subject was given a verbal command 
to gradually exert maximum flexion of the neck until told 
to stop. The tester resisted forward flexion of the neck for 
approximately 5 s, at which time the subject was told to 
relax and the measurement was recorded.

Similarly, procedures for neck extension, and right and 
left lateral bending were performed by the first examiner 
(see Figs 3 & 4). A minimum 35-s rest was given before 
the second examiner measured the randomly ordered 
neck ranges of resisted motion. Measurements were

recorded on the data sheet for each trial for each 
examiner.

Dnia analysis

The data were first analysed descriptively \vith nic.us 
and standard deviations for each combination of strength 
test and gender. Coefficients of variations were calculated 
to determine the distribution of each data set. The 
unpaired f-test \vas used to determine any significant 
difference in male versus female neck muscle strength 
levels with the level of significance being set at 0-05. The 
ICC (Bartko 1966) was used to determine intra- and 
inter-examiner reliability with clinical significance 5et at 
ICC greater than 0-70.

Results

Table 1 displays the means and standard deviations tor 
each combination of movement for both genders li; = SO 
measurements per gender). This table also displays th« 
f-test values for male versus female measures, all of ivhicn 
are highly significantly different. The coefficients 0"
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Figure 3. The procedure for testing neck extension.

variation for this data set are as follows: flexion, 21% 
(males) and 21% (females); extension, 18% (males) and 
20% (females); right lateral bending, 23% (males) and 18% 
(females); and left lateral bending, 24% (males) and 19% 
(females). The ratio between the mean flexion and exten 
sion values was 80% for males and 74% for females.

The ICCs for intra-examiner reliability are shown in 
Table 2 and range from 0-808 to 0-975. Table 3 displays 
the ICCs for inter-examiner reliability, which range from 
0-654 to 0-742 for males and 0-738 to 0-858 in females 
(n=40 measurements for each ICC per gender).

Discussion

A variety of devices have been designed in order to 
assess muscle strength by manual testing (Bussieres 
1994). This study of the manual MSD was conducted in 
order to provide preliminary determination of the normal 
ranges of neck strengths in both male and female 
subjects, and to determine the intra- and inter-examiner 
reliability of the procedures. The relative values obtained 
for individual strength measures in this study compare

favourably to those published previously with a v.al!- 
mounted MSD (Vernon et til. 1992). Values for ail tests 
were found to be higher for males than tor females (Foust 
ft al. 1973; Vernon et al. 1992; Perossa et nl. 1996). The 
differences between side-to-side tests in lateral bending 
were well below the 10% level in both males (5%) and 
females (4%). This is in agreement with Vernon et a/.'s 
(1992) finding with the wall-mounted MSD, and with the 
findings of Levoska et nl. (1992) and Franko & Herzog 
(1987).

The issue regarding the comparison of flexion versus 
extension strengths is somewhat controversial. Several 
authors (Foust et al. 1973, as reported in Bussieres 1994: 
Franko & Herzog 1987; Levoska et al. 1992; Vernon et nl. 
1992) found extension strength to be higher than that of 
flexion, at least in normal subjects. In the first three of 
these reports, a flexion/extension ratio of 0-6/1-0 was 
obtained on average. However, Petrofsky & Phillips 
(1982) found the opposite. In the present study, flexion 
strengths in both males and females were found to be 
lower than those of extension by 80% and 74%, respect 
ively. It appears that manual as opposed to wall-mounted

• 1996 European Chiropractors' Union, Earfftm Journal of Chiropractic. 44, 41-19 43



H. T. Vemon et al.

Figure 4. The procedure for testing right and left lateral bending.

Table 1. Summary of means and standard deviations in (SD) in 
mmHG for males and females, and /-test values for males 
versus females

Male

Movement

Right lateral bend 
Left lateral bend
Extension
Flexion

Mean

141-3 
133-7
169-4
134-7

SD

32-3 
31-7
30-7
27-8

Female

Mean

100-4 
104-1
127-8

95-1

SD

18-2 
20-1
25-5
19-9

West3

7-383* 
4-635*
6-723*
7-025*

T< 0-001.
'Significance set at P<0-05.

testing with the MSD produces slightly less difference 
between flexion and extension strengths. This cannot be 
explained on the basis of any greater variability in flexion 
testing alone since the coefficients of variation were 
similar for flexion and extension in this study. These were 
also comparable to those obtained by Vemon et al. 
(1992).

For clinical purposes, Table 4 displays a set of values 
(in mmHg) ivhich represent lower r't-oft's of norma. _ 
measures derived in this young h- -.Ithy sample by" 
subtracting one standard deviation f om the mean ot each 
test value for male and females. Be :ause of the consis-- 
ency within the overall data set i.e. relatively similar 
coefficients of variation and low sidt-to-side differences], 
the present authors suggest that th 3 represents a work 
able approximation of values below which some clinically 
important \veakness may be present. It remains for a 
study in symptomatic subjects with the manual MSD to 
be done for this to be confirmed.

The ICCs for the intra-examiner reliability were found 
to be clinically and statistically significant for both male 
and female subjects. In addition, the ICCs for the inter- 
examiner reliability also show clinical and statistical 
significance for female subjects while three out of the four 
ICC values for the male subjects fall below the critical 
value of 0-70, although only marginally so. These values 
are in agreement with previous reports of high test- 
retest and inter-rater reliability of MSDs in general 
usage (Helewa et al. 1981, 1986; Isherwood et al. 1983;
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Table 2. Infra-examiner 
reliability of tested 
movements for males and 
females'

Male Female

Movement Examiner 1 Examiner 2 Examiner I Examiner 1

Right lateral bend
Left lateral bend
Extension
Flexion

0-96-3

0-937
0-907
0-914

0-SS4
OS6S
o-sos
0-S91

0-953
0975
0-945
0948

0-91

0-957
0-95

0-945

"Significance: ICOO-70.

Table 3. Inter-examiner reliability of tested movements for 
males and females"

Movement Male Female

Right lateral bend 
Left lateral bend
Extension
Flexion

0-654 
0-693
0-657
0-742

0-77 
0-558
0-738
0-768

"Significance: ICOO-70.

Table 4. Values representing lower cut-offs of normal 
measures in mmHg

Range Males (mm) Female (mm)

Flexion
Extension
Flexion/extension ratio
Right bend
Left bend

100
140
80%

100
100

75
100

75%
SO
60

Bohannon & Lusardi 1991; Perossa e\ al 1996) and 
specifically in testing neck strengths (Vernon et al. 1992; 
Bussieres 1994).

There are several limiting factors which may have 
contributed to the lack of statistical and clinical signifi 
cance of some of the results of the study. The first factor 
is the variable strength levels of the subjects and the 
testers. Wikholm & Bohannon (1991) have confirmed that 
tester strength does influence the magnitude of tested 
levels as well as the consistency of the measures 
obtained. In their work, stronger testers obtained higher 
and less consistent values than testers of average and 
more equal strength. In the present study, this problem 
mainly concerned the male volunteers who may have 
produced variable results by attempting to overpower 
the examiners. This problem was considerably minimized 
by instructing both male and female subjects to gradually

start exerting pressure against the hand-held sphygmo- 
manometer, thus allowing the tester to gain more control.

The second factor is the potential recruitment of 
additional trunk musculature during resistance of the neck 
movements (Bussieres 1994). This factor was minimized 
by utilizing a chair with a back rest, giving the volunteers 
a practice trial during which instructions were given and 
ensuring that the subject's hands remained in their lap. 
Since it was the present authors' aim to develop a test 
protocol which could be utilized simply and easily in 
clinical practice, the protocol deliberately omitted some 
of the measures necessary for the 'high-tech' strength 
testing devices, particularly those involving the need for 
a special apparatus, and stabilization of the trunk and 
shoulder in order to isolate specific muscles.

Furthermore, we have not designated the test results as 
indicative of any specific muscle group (e.g. cervical 
extensors or the scalene muscles), but rather, of a resisted 
range of motion (i.e. extension, flexion, and right and left 
lateral bending).

A third factor involves any potential errors in the 
process of obtaining and recording the actual test values. 
The MSD used in this study was a mechanical device 
with no electronic display or capture of data. As with any 
circumstances of repetitive testing, the device may have 
undergone some deterioration of precision, and the 
examiners may have made errors in reading the test 
values from the dial. However, the similarity of coef 
ficients of variation for each tested motion argues against 
a major loss of precision in this study.

Conclusion

The average values obtained in this sample of normal 
subjects represent a first approximation in determining a 
normative data base for the manual MSD and neck 
strength testing. Several features of this data base con 
form to expected findings, such as the low side-to-side 
difference in lateral flexions, the predicted ratio of flexion
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to extension and the relatively low coefficients of vari 
ation, indicating generally consistent results. The null 
hypothesis was rejected by demonstrating a significant 
difference between male and female neck strengths on all 
tests.

This study has demonstrated excellent levels of intra- 
examiner reliability for both males and females in neck 
strength testing. Acceptably high levels of reliability 
were not shown for inter-examiner measurements in all 
movements in male subjects, but were shown for female 
subjects in all tested movements. From this, it can be 
concluded that the manual MSD may prove useful in 
neck strength testing, especially when performed by the 
same examiner. Further studies involving symptomatic 
subjects will help determine the instrument's usefulness in 
monitoring patient progress in a clinical setting.
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ORIGINAL ARTICLE

Correlations among ratings of pain,
disability and impairment in chronic

whiplash-associated disorder
Howard Vernon DC FCCS

H Vernon.
Correlations among ratings of pain, disability and impairment
in chronic whiplash-associated disorder.
Pain Res Manage 1997;4(2):207-213.

OBJECTIVE: To investigate the level of correlation among pain, 
disability and physical impairment scores in chronic whiplash- 
associated disorder patients.
SUBJECTS: Adults with chronic whiplash-associated disorder 
referred for secondary independent assessment. 
METHODS: Forty-four subjects (16 males, 28 females) were in 
cluded in the sample. Self-rated pain was measured on a five-point 
verbal rating scale. Self-rated disability was measured using the 
Neck Disability Index (NDI) and the Disability Rating Index 
(DRI). Physical impairment was measured as active cervical 
ranges of motion obtained with a cap goniometer. Descriptive sta 
tistics were reported and Pearson product moment correlations 
were obtained with the P value at 0.01.
RESULTS: Mean ± SD age of the subjects was 36.4±8.7 years. 
Mean duration of complaint was 15.2±12.3 months. Mean pain score 
out of 5 was 2.5+1.2. Mean NDI and DRI scores were 23.2±9.3 out 
of 50 and 21.6+9.1 out of 48, respectively. These scores correlated 
very highly (r=0.89, P=0.0001). The average reduction of ranges 
of motion compared with published norms was approximately 
25%. The correlations among ranges of motion, NDI, DRI and 
pain scores ranged from-0.32 to-0.66 (P<0.05 to P=0.0001). Age 
and duration of complaint correlated poorly with ranges of motion. 
CONCLUSIONS: The self-ratings of pain and disability obtained 
from these chronic whiplash-associated disorder sufferers appear 
to be consistent with, and correlate reasonably well with, levels of 
physical impairment. Physical impairment ratings do not appear to 
correlate well with duration, which suggests that factors related to 
pain and physical impairment may play an important role in the de 
velopment of chronicity in whiplash-associated disorder.
Key Words: Disability evaluation. Impairment, Neckpain, Ques 
tionnaires, Whiplash injuries

Correlations parmi les eolations de la 
douleur, de 1'incapacite et de la deficience 
dans les troubles associes a 1'entorse cervicale 
chronique
OBJECTIF : Investiguer le niveau de correlation parmi les scores de la 
douleur, de 1'incapacite et de la deficience physique chez les patients 
accusant des troubles associ6s a 1'entorse cervicale chronique. 
SUJETS: Les adultes accusant des troubles associes a 1'entorse cervicale 
chronique adresses pour line deuxieme evaluation independante. 
METHODES : Quarante-quatre sujets (16 homines, 28 femmes) ont£te 
inclus dans I'echantillon. L'auto-evalualion de la douleur a^te mesuree sur 
une echelle de eolation verbals de 5 points. L'auto-evaluation de 
I'incapacite' a ete mesuree a 1'aide du Neck Disability Index (NDI) et du 
Disability Rating Index (DRI). La deficience physique a etc mesuree 
comme amplitude des inouvements cervicaux actifs obtenus a 1'aide d'un 
goniometre. Les statistiques descriptives ont ete rapportees etle coefficient 
de correlation produit-momem de Pearson a ete obtenu avec la valeur P a 
0,01.
RESULTATS : L'age moyen ± ET des sujets etait de 36,4±8,7 ans. Les 
patients se plaignaient en moyenne depuis 1S,2±12,3 mois. Le score moyen 
de la douleur sur une echelle a 5 degres etait de 2,5±1,2. Les scores moyens 
du NDI et du DRI etaient respectivement de 23,219,3/50 et de 21,6±9,1/48. 
Ces scores correJaient fortement (r=0,89, P=0,0001). La reduction 
moyenne de 1'amplitude des mouvements comparee aux normes publiees 
etait d'environ 25 %. Les correlations parmi les amplitudes des 
mouvements, le NDI, le DRI et les scores de la douleur allalent de -0.32 a 
-0,66 (P<0,05 a P=0,0001). L'age et la duree de la plainte des malades 
correlaient peu avec les amplitudes des mouvements. 
CONCLUSIONS : Les auto-evaluations de la douleur et de 1'incapacite 
obtenues chez ces patients souffrant de troubles associes a 1'entorse 
cervicale chronique semblent en accord avec les niveaux de deficience 
physique et correlent raisonnablement avec ces derniers. Par centre, les 
eolations de la deficience physique ne semblent pas bien correler avec la 
duree, ce qui permet de croire que les facteurs lie's a la douleur et la 
deTicience physique joueraiem un role dans le developpement de la 
chronicite dans les troubles associes i 1'entorse cervicale.
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Morbidity due to 'whiplash-type' injuries resulting from mo 
tor vehicle accidents continues to plague Western society 

(1-12). While the reported incidence of whiplash-related insurance 
claims appears to vary widely (12), whiplash-associated injuries 
continue to account for huge health care and social costs. Recent 
benchmark reports by Spitzer et al (12) and Barnsley et al (1) have 
crystallized the current state of the art and have concluded that re 
search into the whiplash phenomenon is sadly deficient.

The report by Spitzer and colleagues (12) particularly empha 
sizes the need for better means to assess whiplash-induced injuries. 
One of the challenges facing clinicians and researchers is the wide 
array of symptoms reported by whiplash-injured patients, which 
complicates diagnosis, classification and prognosis for this com 
plaint. This situation prompted Spilzer et al to propose the term 
'whiplash-associated disorder' to encompass the combination of so 
matic, psychological and social dysfunction associated with whip 
lash-type injuries.

In addition to their wide range of types and severity, these dys 
function symptoms have been reported to be very persistent (2,3,5, 
7,11,13-21), leading Bamsley et al (1) to conclude that between 
20% and 40% of whiplash-associated disorder sufferers will con 
tinue to report symptoms one year after injury, while at least 10% 
will have virtually permanent problems. On the other hand, Bovim 
et al (22) and Schrader et al (23) recently reported that the preva 
lence of 'Late whiplash' symptoms was nearly identical to the level 
of neck pain reported in the general population.

While the scope of symptoms experienced by sufferers of whip 
lash-associated disorder is broad, relatively few attempts have been 
made to assess the impact of these symptoms on one's ability to en 
gage in important activities of daily living. In reports on whiplash- 
associated disorder, symptom checklists are usually reported (2,6,7, 
11,15,17,21,24), and data on occupational status have been used as 
a surrogate measure of recovery (12).

In 1991, Vemon and Mior (25) and Vemon (26) developed an 
instrument designed to assess the disability associated with neck 
pain, particularly arising from whiplash-induced injuries: the Neck 
Disability Index (NDI). This instrument was designed as a substan 
tial modification of an existing, well-accepted measure for self- 
rating of disability due to low back pain (27). The original report, 
which included data on 48 subjects, 70% of whom had suffered a re 
cent whiplash-induced neck injury, provided evidence of high test- 
retest reliability (over a two day/no treatment interval), high internal 
consistency of the index's items, good concurrent validity with the 
McGill Pain Questionnaire (28) (r=0.70) and good responsivity in a 
treatment setting.

Since 1991, several reports (reviewed in 26) and one replication 
study (29) have appeared, all supporting the NDI's psychometric 
properties. Hains et al (personal communication) found, first, that 
no order effect existed in either the items or the detractors; second, 
that one factor - physical disability - accounted for 69% of vari 
ance; third, that no item weighting was necessary; and fourth, that 
the correlations between pain scores and disability scores was 0.70.

To the author's knowledge, no study exists in which a con 
dition-specific instrument for measuring neck pain-related disabil 
ity has been studied in relation to findings of pain and impairment in 
whiplash injured patients, particularly those whose conditions per 
sist to become chronic. This kind of investigation is particularly im

portant regarding whiplash-injured patients because the usual 
approach to investigating their clinical status and course has been to 
employ symptom checklists and measures of psychosocial and/or 
cognitive dysfunction. Persistence of a variety of symptoms in vari 
ous proportions of whiplash-associated disorder patients for 12 or 
more months has been reported (2,6,7,11,15,17,21,24).

What has not yet been investigated in these patients is the degree 
to which pain and self-perceived disability ratings are associated 
with levels of physical impairment. This was the aim of the present 
study, which employed one measure of current self-rated pain inten 
sity, two disability measures and the measurement of active cervical 
ranges of motion (AROM) in chronic whiplash sufferers referred for 
secondary assessment. In this study, the questions explored are: in a 
sample of chronic whiplash-associated disorder sufferers, is there a 
correlation between levels of self-reported pain and levels of self- 
reported disability?; and, is there a correlation between either or 
both of self-rated pain and disability levels and levels of objectively 
measured physical impairment? It was hypothesized that high corre 
lations would be obtained between the two different disability meas 
ures (one condition-specific, the other generic [30]) and between 
these measures and the pain intensity rating. As well, it was hy 
pothesized that there would be low correlations among range of mo 
tion measures (impairment), self-rated pain scores and self-rated 
disability measures, and moderate correlations between age and du 
ration of complaint.

Finally, the possibility that two distinct subsets of items might 
exist in the NDI - symptoms and activities - prompted an explora 
tory analysis, with moderate correlations between these subsets pre 
dicted.

PATIENTS AND METHODS
This study involved an analysis of selected cases of chronic whip 
lash-injured patients living in a large metropolitan area. The case 
material was derived from examinations of these subjects conducted 
for the purpose of third-party payer assessments and by referral 
from these sources. All cases involved claimants who had suffered 
motor vehicle accident-related injuries and were continuing to re 
ceive ongoing therapy (mainly chiropractic treatment).

Subjects were examined by using a standardized protocol that in 
cluded the following measures: demographic, clinical and acci 
dent-related data; a measure of self-rated current pain intensity 
(five-point verbal rating scale [28]); the NDI, a condition-specific 
instrument for self-rating of disability (25); the Disability Rating In 
dex (DRI), a generic instrument for self-rating of disability that is a 
recently validated 12-item measure of generic self-rated disability 
(30); and active ranges of cervical motion (see below).

Inclusion of cases in this study was based upon the following cri 
teria.

1. Primary complaint of neck pain. Other symptoms such as head 
ache and low back pain might have been present but were not the 
primary complaint.

2. Completion of at least one of the disability questionnaires. The
primary reason for incompletion of this criterion was language diffi 
culties.

Of 82 cases presenting from December 1994 to March 1996,44 
satisfied these inclusion criteria and form the case material of this
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report. Of those rejected for analysis, 21 were non-English speaking 
claimants who were unable to complete the disability question 
naires, 11 had a primary complaint of low back pain and six had in 
complete files.

Data were extracted by a research assistant. The demographic, 
clinical and accident-related variables obtained from all files com 
prised sex, age, ethnic category, English as first or second language, 
duration of complaint, occupant status in the vehicle (driver, pas 
senger or pedestrian) and mechanism of collision (rear, front or 
side).

All 44 claimants completed a single NDI (which included a six- 
point pain rating scale from 0 to 5), while 25 completed the DRI. All 
cases contained AROM measurements obtained from one trial in all 
six standard ranges for the neck using a cap goniometer (3!,32). 
AROM measurements were made in a consistent fashion, involving 
gentle manual guidance at the end range to stabilize the movement 
so that the maximum voluntary excursion could be measured accu 
rately. No end range pressure was applied, so the subject's pain was 
solely that experienced from the active movement. AROM assess 
ment has been used in several classic prognostic studies (5,7,11) 
and in one recent prognostic study (15). Good intra- and interexam- 
iner reliability has been reported for a magnetic goniometer (33-36) 
as well as for the cap-goniometer used in this study (31). In previous 
work within our group (unpublished data) interexaminer reliability 
coefficients obtained with this instrument ranged from 0.64 to 0.86.

The data were analyzed descriptively and with Pearson product 
moment correlation coefficients with P<0.01. This alpha level was 
selected to avoid accepting spurious significance given the large 
number of correlations analyzed. Correlations were conducted be 
tween the two disability instruments, and between the condition- 
specific disability instrument and each of age and duration of com 
plaint. Correlations were also conducted between the range of mo 
tion data and both disability instruments, pain scores, age and 
duration of complaint.

Finally, an exploratory analysis was conducted by separating the 
NDI items into two categories: symptoms (items 1, 5, 6 and 9) and 
activities (items 2, 3, 4, 7, 8 and 10). Scores of these items were 
added to form one category score out of 20 for symptoms and out of 
30 for activities. Each of these scores was then correlated with the 
range of motion data.

RESULTS
Demographic characteristics of the sample, presented in Table 1, 
show a predominance of Caucasian females in the third to fifth dec 
ades of life, with relatively lengthy durations of complaint postacci- 
dent. The majority of cases were drivers who were involved in 
rear-end collisions, although in about one-third of cases, a frontal 
collision precipitated the pain.

The mean ± SD pain intensity score was 2.48±1.09 out of 5. The 
mean ± SD of scores on the NDI and DRI are shown in Table 2. The 
correlation between the two instruments was 0.89, P=0.0001. Table 
2 also displays correlation coefficients between NDI scores and age 
and duration of complaint, neither of which was significant.

Table 3 displays data on the AROM, including the mean ± SD 
for each range as well the average reduction in AROM from pub 
lished norms (37-39). AROM results from this study were com 
pared with those obtained by Hagstrom and Carlsson (15) and with

TABLE 1
Demographic and accident-related data of the study
sample

Sex

Female 64% 

Male 36%

Age (mean ±SD) 36.4±8.7 years

Duration of complaint (mean ±5D) 15.2±12.3 months

Collision type

Rear 51% 

Front 36% 

Side 13%

Occupant status

Driver 75% 

Passenger 23% 

Pedestrian 2%

TABLE 2
Disability index scores and correlations

Mean ± SO NDI score (out of 50) 

Mean ± SD DRI score (out of 48) 

Correlation between NDI and DRI

Correlation between NDI and age

Correlation between NDI and duration of 
complaint

DRI Disability Rating Index; NDI Neck Disability Index; NS Not signifi 
cant

23.2±9.3 

21.6±9.1

r=0.89 
(P=0.001)

r=-0.22 (NS) 

r=0.17(NS)

TABLE 3 
Active cervical ranges of motion (in degrees) obtained with 
cap goniometer

Range

Extension 

Flexion 

RIB 

LIB 

RRot 

LRot

LIB Left lateral bend; 
Right rotation

Mean ± SD

48.47±18.76 

47.47±13.47 

36.72±12.37 

37.96±12.22 

48.09±17.71 

50.64±18.31

LRot Left rotation; RLB Right

% normal

69% 

79% 

82% 

84% 

69% 

72%

lateral bend; RRot

American Medical Association guides; results are outlined in Table 
4. Correlations of the AROMs with the NDI, DRI and pain scores 
are displayed in Table 5. All correlations were moderately strong 
and were highly significant, although the correlations with NDI 
scores were slightly higher.

Table 6 displays the correlations between age and duration of
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TABLE 4
Comparison 
(mean + SD)

Range

Extension

Flexion

RLB

11.8

RRot

LRot

of active cervical 
(in degrees)

Present 
study

48+19

47+13

37+12

38±12

48±18

51+18

ranges of

Hagslrom & Carlsson 
{reference IS)

Patients Controls

49+22

38+17

31+13

51+15

AMA American Medics! Association; 
rotation; RIB Right lateral bend; RRot

79112

60+9

45+6

79+7

motion values

AMA guides 
(reference 37)

60

SO

45

80

LL8 left lateral bend, LRot 
Right rotation

left

TABLE 5
Correlations of active cervical ranges of motion with the
NDI, DRI and pain scores
Range NDI DRI Pain score

Extension
Flexion

RLB

LIB
RRot
LRot

-0.58

-0.58
-0.66
-0.49*

-0.63

-0.52

-0.54

-0.52

-0.59
-0.32*

-0.54
-0.45**

-0.51

-0.59
-0.35*
-0.34*

-0.53
-0.53

AH results are significant at P=Q0001 except "P-0,05 and 
**P=0.007. OKI Disability Rating Index: LIB Left lateral bend; 
LRol Left rotation; NDI Neck Disability Index; RLB Right lateral bend; 
RRot Right rotation

TABLE 6 
Correlation of active cervical ranges of motion values with 
age and duration

Range

Extension
Flexion
RLB
LL8
RRot
LRot

Age

-0.16
-0.19
-0.32*
-0.29*

-0.12
-0.14

Duration of complaint

0.14

0.35*

0.03
0.14
0.17
0.01

A/I values were not significant except *P<0.05. LLB Left lateral bend; 
LRot Left rotation; RLB Kight lateral bend; RRot Right rotation

TABLE 7
Comparison of 
with the author

NDI items

Headache

Lifting

Recreation

Reading

Pain intensity

Work

Sleeping

Driving

Concentration

Personal care

Neck Disability Index 
's original report (25)

(NOI) item analysis

Mean + SD Rank in original 1991 study

2.9111.44

2.67+.1.42

2.63+1.29

2 59+1.05

2.48+1.09

2.41±1.22

2.37+1.42

2.34±1.27

1.98+1.34

1.00+0.98

1
2

3

4

6

7

8

5

9

10

i

complaint and the ranges of motion. These were all generally low, 
with none being found significant at P=0.01. Item analyses for the 
NDI, showing the ranking of the mean ± SD for all 10 items, are 
compared with those from the author's original report (25) in Table 
7. For the exploratory analyses, the average correlation coefficient 
for AROM/category 1 (symptoms) was 0.45, while it was 0.61 for 
AROM/category 2 (activities). The two categories were moderately 
but significantly correlated (r=0.55, P<0.05).

DISCUSSION
The link among pain, impairment and disability is likely not sym 
metrical (40-50). This phenomenon has been studied much more 
extensively in Sow back pain patients than in those with neck pain. 
In the 1980s, several instruments were developed to assess func 
tional disability relative So activities of daily living in low back pain 
sufferers including the Oswestry Low Back Pain Disability Ques 
tionnaire (OLBPDQ) (27), and the Roland-Morris Questionnaire 
(51). Others followed, including generic (as opposed to condition- 
specific) instruments for measuring pain-related disability (50,52- 
55),

Investigators have used these instruments to assess the relation 
ship among pain, impairment and disability in iow back pain, Tri- 
ano and Schultz (56) found that low back pain sufferers with

OLBPDQ scores of 13 or higher out of 50 were much more likely to 
demonstrate paraspinal muscular dysfunction, as measured by elec- 
tromyogram, and altered trunk active ranges of motion, particularly 
in forward flexion.

Waddell and Main (47) and Waddell et al (48,57) reported that 
disability levels in low back pain sufferers correlated more highly 
with psychosocial measures of distress than with measures of pain 
severity,

Gronblad et a! (58-62) reported relatively good correlations in 
chronic low back pain patients between disability scores, as meas 
ured by a condition-specific instrument, the OLBPDQ, and a ie" 
neric instrument, the Pain Disability Index (63) (r=0.83), an*1 
measures of impairment, particularly the performance of simpl* 
physical performance tests in the trunk (r=0.30 to 0.41) (62). Their 
most recent work, however, failed to demonstrate strong correla 
tions between disability ratings and trunk AROM scores,

The investigation of this relationship is in its infancy regarding 
the assessment of disability in neck pain sufferers. In Morris and 
Watt's classic report (11), it is indicated that AROM measured** 
were obtained in their sample of 61 whiplash-associated disci* 
patients, but these values were not reported. Hildingsson and Tool' 
anen (6,7) reported on the persistence of reduced AROW * 
25 months' follow-up in their sample of 93 motor vehicle
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sufferers, with between 11% and 24% showing signs of reduced 
AROM. These values were, unfortunately, not reported for the 
baseline status, nor were they correlated with any of the other vari 
ables in the study.

Wen et al (24) used functional x-ray analysis in flexion/exten 
sion to compare 105 whiplash-associated disorder cases after two 
years with age- and sex-matched controls. They reported signifi 
cantly less total flexion/extension in the whiplash-associated disor 
der group and, particularly, reduced segmental motion in the upper 
cervical spine.

Osterbauer et al (64) employed an electrogoniometer in the as 
sessment of 10 whiplash-associated disorder cases who were pro 
vided with chiropractic treatment. The pretreatment mean total 
AROM was 234°.. which is considerably reduced from the norm of 
360° (2). After a six-week treatment program, the mean total 
AROM had increased to 297°, while pain scores had reduced from 
44.1 (010.5/100 mm.

More recently, Hagstrom and Carlsson (15) measured pain, 
AROM and muscular tenderness in 30 cases of whiplash-associated 
disorder, comparing the results with those of 30 healthy controls. 
AROM values were significantly lower in the whiplash-associated 
disorder group, and AROM values correlated with pain (Visual 
Analogue Scale) scores in the whiplash-associated disorder group 
(Table 5). Our results compare very favourably with those of Hag 
strom and Carlsson, with regard to both the average AROM values 
of chronic whiplash-associated disorder cases and to the correlation 
between pain ratings and AROM. Our study, however, also demon 
strates a strong correlation between AROM and self-rated disability 
scores.

Similar to the whiplash-injured subjects in previous reports 
(2,4,7,10,11), the subjects in the present report were predominantly 
female drivers injured in rear-end collisions with lengthy durations 
of complaint, making these subjects a group of typical chronic pain 
sufferers. However, because referral to this clinical service was, in 
the first place, dependent on the needs of third-party payers, this 
sample may be somewhat skewed in relation to the chronicity and 
lack of expected recovery, issues that would prompt a referral for 
independent assessment in the first place. In this type of subject, the 
prevailing clinical wisdom suggests that a poor link might exist be 
tween their impairment status and their self-perceived disability 
status (47,48,57). As discussed below, our findings question this 
thinking.

The correlation observed in this study between the NDI and DRI 
is higher than the correlation of 0.38 reported by Salen et al (30) for 
the DRI and the OLBPDQ. Our much higher finding (r=0.89) may 
be interpreted as another confirmation of the construct validity of 
the NDI, in that it appears to measure the single factor of 'physical 
disability'. This finding suggests that researchers and clinicians can 
now choose between injury-specific or generic instruments in the 
assessment of disability due to chronic whiplash-induced injury.

The psychometric properties of the NDI were further explored 
here, with further evidence that age and now duration do not influ 
ence scores, and with evidence that the item rankings, as first re 
ported by Vemon and Mior (25), are relatively stable, even in a 
population with more chronic pain. Additionally, a novel explora 
tion has revealed only moderate levels of correlation between two 
subsets of items, which might be regarded as subfactors related to

the primary factor of physical disability, namely symptoms and ac 
tivities. This analysis suggests that these two subsets may offer 
unique information and that some subjects may endorse higher lev 
els of symptom expression compared with activity reduction, and 
vice versa.

The average reduction in active range of motion compared with 
published norms (2,4,39) was approximately 25%, with extension 
and right rotation the ranges with the highest reduction (31%). The 
reduction in extension is consistent with previous reports of the long 
term stiffness of the anterior cervical musculature (2,8,10). The bi 
lateral implication of this finding would be manifested in reduced 
extension (ie, reduced movement in the sagittal plane), while unilat 
eral anterior myofascial stiffness would result in reduced rotation 
(ipsilateral) and lateral bending (contralateral).

Neither of the bilateral measures (rotation or side bending) dem 
onstrated any significant side-to-side differences. This is consistent 
with data on neck range of motion testing in controls and sincere 
pain subjects (31 -36). Taken together, however, the range of motion 
deficits observed in these subjects constitute only a moderately se 
vere impairment level that is somewhat less than would be expected 
given the chronicity of these cases.

The degree to which current pain severity levels in chronic 
whiplash-associated disorder sufferers is associated with self-rated 
disability and objectively measured impairment is important be 
cause, as Radanov and Sturzenegger (17) and Radanov et al (18-20) 
have shown, there is a strong association among initial pain, injury 
severity ratings and the development of persistent symptoms (ie, 
chronicity). The correlations of pain and disability measures with 
impairment measures (AROM) found in this present sample are sur 
prisingly high, with the highest correlations generally observed be 
tween AROM and the NDI scores. All correlations were in the 
expected negative direction given the nature of the data used for the 
analysis; ie, lower range of motion measures were reasonably well- 
correlated with higher self-rated pain and disability scores. Because 
NDI, DRI and pain scores are all reasonably well-correlated, the fact 
that the correlations between these scores and AROM were all in 
generally the same range (0.30 to 0.60) is not surprising.

The lack of correlation between age and AROM is interesting 
given that AROM is known to reduce with advancing age (38,39). 
However, the age range of our subjects was relatively small and 
confined to the third to fifth decades, which is before the age range 
when progressive degenerative disc disease becomes significant. As 
well, the progressive, age-related reductions in AROM are gener 
ally small and continuous, making it unlikely that age accounts for 
the reductions observed in this sample.

The lack of correlation between AROM and duration is some 
what surprising, in that chronicity may be associated with progres 
sive increase in impairment. One possible explanation for this unex 
pected finding is that those whiplash-injured claimants who go on to 
experience chronic difficulties may reach a plateau of pain, impair 
ment and self-rated disability, the complex of which remains ap 
proximately static from that time onwards. Because this was not a 
prospective study, this explanation remains to be confirmed in a lon 
gitudinal study. It is, however, consistent with the follow-up data 
reported in the literature (2,6,7,11,15,17,21,24) on persistent symp 
tomatology and cognitive difficulties in the minority of whiplash- 
injured cases that go on to become chronic.
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This study has several important limitations. While the self- 
report measures were provided by the subjects themselves, and 
while all case data were extracted by a research assistant, the 
AROM values were obtained by the author in an unblinded fashion. 
Bias may have been introduced here. Future studies should employ 
an independent examiner for this or any other physical impairment 
measures. A case-control design that blinds the examiner as to sub 
ject status would be ideal.

Second, the study sample may have been skewed by factors re 
lated to the referral for assessment Not all chronic whiplash- 
associated disorder cases are necessarily chosen for assessment re 
ferral. Factors acting to facilitate referral, such as case management 
issues, litigation status and dispute with the insurer, may have cre 
ated a selection bias that then influenced the measures obtained in 
the study. However, study sample characteristics were similar to 
those of previously reported whiplash-associated disorder groups 
regarding sex, age, occupant status and collision type (2,7,9,11, 
12,14). As well, the results of the analysis of NDI scores in this sam 
ple were quite similar to those presented in the first report (25) 
whose sample comprised 75% whiplash-associated disorder suffer 
ers. Nonetheless, an ideal study would involve a prospective cohort 
assessed with these instruments on a serial basis in order to investi 
gate the evolution of the condition and the extent to which similar 
correlations between the variables reported here might exist.

CONCLUSIONS
A sample of chronic sufferers of whiplash-associated disorder has 
been investigated to explore the relationships among self-reported 
pain, disability scores and impairments as measured by reductions 
in AROM. Two instruments for measuring self-rated disability, one 
condition-specific and the other generic, correlated very well with 
each other and with pain scores. The correlations between these two 
measures and pain scores with AROM scores were moderately 
strong and highly statistically significant AROM scores did not cor 
relate well with age and duration of complaint, which suggests that 
chronicity in whiplash-associated disorder may be more directly linked 
to loss of physical function, and that whiplash-associated disorder 
sufferers may reach a plateau of reduced function and increased 
self-ratings of pain and disability, which then remain stationary. 
These findings also suggest that treatment interventions that target 
this link may be fruitful, either by directly increasing neck range of 
motion or by reducing self-ratings of pain and disability, particu 
larly by focusing on attitudes and behaviours related to the avoid 
ance of the very movements (57) that are actively restricted.
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Chiropractic management of 
episodic tension-type headache: 
a survey of clinical specialists
Howard Vernon, DC. FCCS(Q* 
Cameron McDermaid, DC*

Tension-type headache (TTH) is a highly prevalent 
condition experienced annually by 30 -70% of the 
population. As a chief complaint, it occupies 5-8% of 
chiropractors' caseloads, but is probably more prevalent 
in multiple complaint cases. While numerous clinical 
descriptions exist in the literature of the management of 
TTH by chiropractors, and while there is a small body of 
clinical trials of the rreannent of non-migrainous 
headache by spinal manipulation, there is no systematic 
survey of the approaches to its treatment by- 
chiropractors.

The goals of this study were to determine the test- 
retest reliability of a questionnaire designed to identify 
the most commonly used treatments for TTH and to 
report on any consistent findings as a potential profile of 
typical practice approach. Hie respondents consisted of 
a group of Canadian chiropractic clinical specialists. 
Respondents were asked to complete a survey which 
consisted of a comprehensive list of chiropractic 
treatment procedures including standard manual 
manipulations and mobilisations, soft tissue therapies, 
modalities, exercises, behavioral therapies, acupuncture, 
nutrition and four "systems" techniques. The 
respondents were asked to rate their frequency of use of 
these procedures on a 4-point scale ranging from 
"always" to "never". The surveys were completed twice 
within a two day inten'al.

The response rate was 18/25 (72%). Eighty-seven 
percent (87%) of the items were rated identically on both 
surveys. All but one of the items achieved a statistically 
significant reliability coefficient. The highest rated items 
were "upper cervical manipulations", "upper cervical 
soft tissue therapy" and "neck stretching exercises". The 
items which received the lowest endorsement were:

Les cephalees de tension (CT) sont tres re'pandues et 
touchent chaque annee 30 pour cent de la population. 
Les CTmotivent a elles seules de 5 a 8 pour cent des 
consultations aupres des chiropraticiens. mais elles sont 
sans doute plus frequentes si on les considere comme 
I'un des symptomes d'une affection. Bien que la 
documentation scientifique fasse e'tat de nombreuses 
descriptions diniques de traitement des CT par des 
chiropraticiens etd'un petit nombre d'essais diniques de 
traitement des cephalees non migraineuses par des 
manipulations vertebrates, aucune enqueie syste'matique 
n 'a ete menee sur les methodes de traitement des CT par 
les chiropraticiens.

Lapresente etude avail pour objet de verifier la 
flabilite d'un questionnaire visant a degager les 
traitements les plus courants des CT et de rendre compte 
des reponses les phis frequentes pouvam aider a dresser 
leprofil d'une demarche typique. Lespersonnes 
interrogees avaient ete recrutees parmi un groupe de 
specialistes diniques canadiens en chiropratique. On 
leura demande de remplir un questionnaire presentant 
la liste exhaustive de traitements en chiropratique, a 
savoir les manipulations et les mobilisations manuelles 
courantes, les traitements des tissus mous, les 
modes de traitement, les exercices, les therapies 
comportementales, {'acupuncture, I'alimentation et les 
techniques des quatre « systemes ». Ils'agissait 
d'evaluer, de un a quatre, on de « Toujours » a 
« Jamais », la frequence d'utilisation des techniques 
mentionnees ci-dessus. Le questionnaire devait etre 
rempli deuxfois, a deux jours d'intervalle.

Le taux de reponse a ete de 18 sur 25, soil de 72 %. 
Quatre-vingt-septpour cent des reponses ont ete 
identiques les deiccfois. Toutes les questions, a

* Canadian Memorial Chiropractic College, 1900 Bay view Avenue, Toronto, Ontario M4G 3E6. 

© JCCA 1998.

J Can Chiropr Assoc 1998; 42(4)
209



Tension-type headaches

chiropractic procedures to the dorso-lumbo-pelvic spine, 
most therapy modalities and the "systems " techniques 
which were included in the survey. Years in practice 
appeared to have very little effect on the use of the 
various procedures.

With very minor exceptions, this group of respondents 
provided reliable and consistent responses which were 
also consistent with the clinical trial literature on the 
treatment of headache by spinal manipulation. We 
interpret this to indicate that the survey instrument has 
an acceptable level of reliability and validity for use in 
any larger study of field practitioners' approaches to the 
treatment ofTTH. The set of procedures endorsed by this 
group of specialists is presented as a possible set of 
"best-evidencepractices" in the chiropractic 
management of tension-type headache. 
(JCCA 1998;42(4):209-215)

KEY WORDS: chiropractic, manipulation, headache.

I'exception d'une seule, out atteint un coefficient de 
fidelite statistiquement significatif. Les traitements pour 
lesquels on a enregistre le plus de reponses sont les 
« manipulations des vertebres cervicales hautes », le 
« traitement des tissus mous de la colonne cervicale 
haute » et les « exercices d'etirement du cou », Les 
points pour lesquels on a enregistre le mdins de repony 
sont les techniques de chiropratique touchant la colonm 
dorsale, la colonne lombaire etla colonne sacrte, les 
modes de traitement (la plupart) et les techniques des 
quatre « systemes », dont il e'tait question dans I'etude. 
Le nombre d'annees d'experience semble avoir eupeu 
d'incidence sur le choixdes diverses techniques.

A quelques exceptions pres. les personnes interrogh 
ontfoumi des reponsesfiables, constantes et compatibl\ 
avec la documentation scientifique sur les essais 
cliniques portant sur le traitement des cephaleespar 
manipulations vertebrales. Nous en deduisons que le 
questionnaire est un outil qui offre un degre acceptable 
de fidelite et de validite et quipeut etre utilise pour 
des etudes de plus grande envergure sur les divers 
traitements des CTpreconiseespar les praticiens. Les 
techniques auxquelles souscrit le groupe de specialities 
sont presentees comme un ensemble possible de 
« methodes de la meilleure preuve » dans le traitement 
en chiropratique des cephalees de tension. 
(JACC 1998; 42(4):209-215)

MOTS CLES : chiropratique, manipulation, cephalee.

Introduction
Tension-type headache (TTH) is a highly prevalent condi 
tion. Annual prevalence rates reported in a Canadian popu 
lation-based survey 1 were 36% of respondents or 30% of 
the population for moderately severe headaches. A recent 
Danish survey- reported a 66% annual prevalence rate for 
any level of tension-npe headache (56% for men; 71 % for 
women).

In 1988, the International Headache Society (IHS)3 
reclassified tension or muscle contraction headache as 
"tension-type" (Category 2) and created two major 
subcategories: Episodic TTH (ETTH). in which headache 
frequency is less than 15 per month, and "Chronic" TTH 
for sufferers with more than 15 headaches per month. The 
former category b by far the most prevalent, with less than
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5% of TTH sufferers in the "chronic" category.2 In be 
headache groups, adult sufferers typically report lengl 
durations of their headache conditions. The other IHS c 
teria for TTH are listed in Table 1.

Estimates of the proportion of headache suffefl 
treated by chiropractors range from 3-9% of patients 
general practice.4 In one study,3 35% of headache patis 
in a chronic pain programme had received prior chiropfi 
tic treatment.

There is a small body of clinical trials of spinal manij 
lative therapy for non-migrainous headaches6"9 (see 
views in. 10 - 11 ) although only one study applied the! 
criteria for TTH.8 Spinal manipulative therapy (SMT)1 
pears to be more efficacious than ice treatment7 of * 
tissue therapy"5 and is equal in effectiveness to a si

J Can Chiropr Assoc 1998? *f
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Table 1 
Criteria for TTH from the IHS Classification3

Description: "Recurrent episodes of headache lasting minutes to days. The pain is typically pressing/tightening in 
quality, of mild or moderate intensity, bilateral in location and does not worsen with physical activity. Nausea is 
absent, but photophobia or phonophobia may be present".

Diagnostic Criteria:
A. At least 10 previous headache episodes fulfilling criteria B-D below. 

Number of days with such headache < 180 per year (<15 per month). 
B. Headache lasting from 30 min to 7 days. 
C. At least 2 of the following pain characteristics:

1. Pressing/tightening (non-pulsating) quality.
2. Mild or moderate intensity (may inhibit, but does not prohibit activities).
3. Bilateral location.
4. No aggravation by walking stairs or similar physical routine. 

D. Both of the following:
1. No nausea or vomiting (anorexia may occur)
2. Photophobia and phonophobia are absent, or one but not the other is present. 

E. At least one of the following:
1. History, physical and neurological examinations do not suggest any other headache diagnosis.
2. History and/or physical and/or neurological examination do suggest such disorder, but it is ruled out by 

appropriate investigations.
3. Such disorder is present, but tension-type headache does not occur for the first time in close temporal 

relation to the disorder.

course of low-dose amitriptyline therapy,8 although the 
authors of this latter study reported longer-lasting relief 
post-treatment in the group receiving chiropractic SMT.

While many articles and book chapters exist which out 
line a variety of N approaches to the conservative, non- 
pharmacologic treatment of TTH, 12' 13 no systematic 
survey of practitioners' approaches has been reported. In 
other words, there is no reliable data on which treatment 
approaches chiropractors actually use in daily practice in 
the treatment and management of TTH.

This study presents data from a relatively simple ques 
tionnaire completed by a group of chiropractic clinical 
specialists. By having practitioners complete the survey 
twice within a two-day interval, we determined the test- 
retest reliability of the instrument. This is a necessary req 
uisite for employing this survey in a larger, random sample 
of field practitioners to determine their common practices. 
This report also presents some preliminary data on the set 
of common procedures used by this specialist group

J Can Chiropr Assoc 1998; 42(4)

which, taken together, may represent a collection of "best- 
evidence" practices in the chiropractic management of 
TTH.

Methods
The questionnaire contains a list of manual and conserva 
tive therapy procedures which were gleaned from review 
ing the published clinical trials and other clinical reports 
(as reviewed above). The list and its format were reviewed 
by a group of content and methodology experts at our 
institution for face and construct validity. After incorporat 
ing their suggested revisions, the final questionnaire was 
prepared.

Respondents were asked to rate their use of each proce 
dure using a four-point scale: 3 = always, 2 = sometimes, 
1 = infrequently and 0 = never. No attempt was made to 
solicit ratings of the respondents1 perceived effectiveness 
of these procedures. A small set of demographic items was 
included as well as an item asking respondents to indicate
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whether their approach to scoring the questionnaire (and 
therefore, their management approach) was "typical of 
most chiropractors". .

The survey was mailed to a convenience sample of 25 
Fellows of the College of Chiropractic Clinical Sciences 
(CCS) (approximately half the members of this organiza 
tion). It was felt that such practitioners would be more 
inclined to respond, and would therefore better suit the 
needs of this reliability study.

The practitioners were mailed two copies of the ques 
tionnaire and asked to complete one immediately and then 
the other two days later. Aside from instructions on the 
scoring scale, respondents were instructed to consider 
their answers with respect to the treatment of "their last 
five tension-type headache patients".

Data were analyzed using SPSS for Windows. Mean 
(sd) scores of each item were produced. The paired ques 
tionnaires were analyzed for the percentage of items which 
were scored identically both times as well as for scores of

a one-rank or a two-rank difference. These differem 
were analyzed by McNemar's non-parametric Chi Sqai 
test as compared to chance findings. Spearman RanlcQ 
relation Coefficients were also calculated for each item 
was decided, a priori, that, for any item where identii 
scoring was obtained at least 85% of the time, thent 
paired answers would be pooled and cross-tabulations 1 
career length (< 10 > years) would be computed in order 
determine if the responses were truly homogeneous acre 
practice experience.

Results
The survey response rate was 18/25 or 72%. Respondenl 
mean age was 42 years (range: 30 to 60). All but one of ti 
respondents was male. The mean (sd) number of years 
practice was 16.4 (8.5), with 31 % under 10 years and 69 
ten years or over. All respondents were Fellows oft] 
CCS. 

The percentage of identical answers was 87%, whileti

Table 2 
Results for Manual and Physiotherapeutic Procedures

Procedure Mean(sd) Spearman's r

Upper* cervical SMT
Soft tissue therapy
Trigger point work
Upper cerv. mobilizations
Massage
Mid-cerv. SMT
Upper thoracic J rib SMT
Lower cervical mobilization
Modalities (any)
IFC
Ultrasound
Thoracic mobilizations
Low Volt
TMJ STT
Shoulder mobilizations
TMJ SMT
Lower dorsal SMT
Cranial STT
Sacroiliac SMT
Lumbar SMT
Scapular SMT

2.5063)
2.2 077)
1.93080)
1.75077)
1.73088)
1.56(.51)
1.27046)
1.25 (.77)

.93 (.70)

.82 (.98)

.75 (.75)

.75 (.77)

.67 (.89)

.67 (.72)

.50 (.63)

.47 (.52)

.44 (.63)

.40 (.74)

.38 (.62)

.31048)

.25 (.45)

:.74/>=::0005
J5/7 = *0005
.94/7 ='.0005
.84/7 = T Ob05
86/7 = 10005
Qt? •% ^nrw*.00 P — ,.U\A/J

.':•-?

.95/7 = .0005

.87/) = .0005

.87/7 = .0005

.9 1/7 = .0005

.72/7 -.0005

.84/7 = .0005

.82/7 = .0005

.78/> = -0005
1.0/7 = .0005
.77/7 = .0005
.64/7 = .01
.88/7 = .0005
.86/7 = .0005
.83 /? = . 0005
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percentage of one-rank and two-rank differences were 
12% and 1%, respectively. In other words, respondents 
agreed with themselves.within one ranking 97% of the 
time. None of the McNemar's tests achieved a p value 
greater than .03, indicating that all paired comparisons 
achieved agreement levels which were significantly dif 
ferent from chance.

The mean(sd) scores (ranked from highest to lowest) 
and the Spearman Correlation coefficients for each item 
are shown in Tables 2 and 3, for manual and non-manual 
procedures, respectively. The only item which achieved a 
test-retest agreement above 85% and which demonstrated 
differences related to career length on cross-tab analysis 
was "postural exercises", with 76% percent of more expe 
rienced practitioners endorsing this as compared to 19% of 
those with less than ten years' experience.

Table 4 lists additional procedures volunteered by the 
respondents which were not directly included in the sur 
vey. Forty-seven percent (47%) of respondents indicated 
that their approach to treating TTH was "typical of most 
chiropractors", while 88% indicated that there were no 
other treatment approaches which they used which were 
not included in the questionnaire.

Discussion
The 72% response rate was deemed adequate for our pur 
poses. The sample of respondents certainly differs from 
the field practitioner profile in being Clinical Specialists, 
virtually all of whom were males. Aside from the gender 
bias, this sample was preferred because the additional 
training and experience of these specialists permits the 
results of the survey to represent the "best-evidence prac 
tice" approach to the chiropractic management of TTH. As 
well, CCS members were thought to be more likely to have 
a consistent approach to treating TTH, thereby increasing 
the likelihood of highly consistent responses both within 
and between respondents. Our data bears this supposition 
out.

A review of Tables 2 and 3 reveals that most items 
achieved a very high level of test-retest reliability. No item 
with a correlation below 0.70 achieved a mean score above 
2/3, indicating that these less reliably endorsed procedures 
were employed much less frequently man those achieving 
higher levels of reliability. The items whose reliability co 
efficients were below 0.70 but which achieved an average 
endorsement between "sometimes'' and "usually" (i.e., 
between 1-2/3) were: upper thoracic and costovertebral

Table 3 
Results for Non-manual and "systems" therapies

Procedure Mean(sd) Spearman's r

Neck stretching
Shoulder stretching
Postural exercises
Neck strengthening
Self-STT
Relaxation advice
Aerobic exercise
Stress management
Psychological counsel.
Shoulder strengthening
Activator
Somatics
AK
SOT
Heel lifts
Craniosacral Therapy
Homeopathy

2.13 (.81)
1.5 (.82)
1.5 (.73)
1.3 (.58)
1.1 (.62)
1.1 (.72)
1.1 (.72)
1.0 (.57)
.75 (.68)
.56 (.63)
.38 (.62)
.38 (.50)
.19 (.54)
.13 (.34)
.06 (.25)
0
0

.88/7 = .0005

.70/7 = .003

.85/7 = .0005

.68/7 = ;o03

.53 p = .03

.66 p = .005

.83/7 = .0005

.54p = .03

.96 p = .0005

.90 p = . 0005

.99/7 = .0005

.62 p = .01

.99 p = .0005

.68 p = .004

.68 p = .004
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manipulation, stress management, advice on relaxation 
therapy, self-stretching advice and the prescription of neck 
strengthening exercise^. With these few minor exceptions, 
we consider that this survey has adequate test-retest reli 
ability for use in a larger sample of field practitioners.

The procedures which received the highest level of en 
dorsement (i.e., used at least half the time (using a cut-off 
value of 1.5/3)) were, in descending order:
• upper cervical manipulation;
• soft tissue therapy, in general;
• neck stretching exercises;
• trigger point therapy;
• upper cervical mobilization;
• massage;
« mid-cervical manipulation;
• shoulder stretches, and
• postural exercises.

It is interesting that these procedures reflect what might 
be described as a "holistic structural" approach, in that 
they combine segmental and regional manipulation, mobi 
lization and exercises to both (putatively) correct underly 
ing spinal dysfunction and to provide supportive or 
rehabilitative benefit. These procedures may be consid 
ered, and are thus offered, as a set of "best-evidence" prac 
tices endorsed by this group of Clinical Specialists. There 
were virtually no differences in the treatment approaches 
endorsed by those practitioners with less or more than ten 
years of practice experience. The one exception, i.e., the 
greater endorsement of "postural exercises" by the more 
experienced group, may reflect an even more holistic 
model in which these practitioners were trained.

These results, of course, do not imply that these proce 
dures actually have proven effectiveness, particularly in 
every case of TTH. and particularly in the case of the non- 
manipulative procedures, but that they are a set of proce 
dures deemed by specialist-level practitioners to have 
value in the management of ETTH. These findings are also 
consistent with the clinical trial literature (as reviewed 
above) and with the recommendations of a recent RAND 
consensus panel on the appropriateness of manipulation 
for cervical spine disorders, and headache in particular. 14 
This leads to our conclusion that the survey form has good 
construct validity, a conclusion which is further strength 
ened by the finding that so few respondents felt that there 
were any important additional procedures.

The set of procedures which received low endorser^ 
(mean values below 1/3) include, with one excepfj 
("psychological counseling"), additional manual therapl 
to areas which are apparently viewed by these responded 
as of much less importance in the management of TT| 
These include: manipulation of the lower dorsal, lumbj 
and sacroiliac joints as well as the temperomandibulf 
joint (TMJ); mobilizations to the shoulders and thoraci 
spine; soft tissue therapy to the cranial and TMJ areai 
specific physiotherapeutic modalities (although the usec 
any physiotherapeutic modality was endorsed at just be 
low the "sometimes" level); strengthening exercises to t| 
shoulder area; generalized approaches to somatic theraf; 
and nutrition, and four "systems" approaches to chiropraf 
tic treatment (Applied Kinesiology, Sacro-Occipital Ted 
nique, Activator Methods and Craniosacral Therapy).

The lack of endorsement of treatment procedures for t| 
TMJ area is interesting, particularly given the well-estafe 
lished sensory-motor connections between the TMJ am 
upper cervical regions15 . One could surmise that these spi 
cialists hold the opinion that sufficient benefit can be ob 
tained by directing their treatments at the upper cervira 
region alone.

Two procedures, homeopathy and craniosacral therajf 
were endorsed by none of the respondents. These resull 
might be interpreted as representative of a narrower, "now 
holistic" perspective which some may attribute to clinicl 
specialists. We prefer to interpret these results as repre1 
senting the strong evidence-based approach to practic 
adopted by most such specialists, although it should I 
noted that even some of these respondents did endorf 
some of these less commonly used practices. The procil

Table 4
Additional therapies suggested by respondents 

(# of respondents)

1. MODALITIES:
- ICE and/or HEAT (2)
-TRACnON(l)
-TENS(l)

2. OTHER TREATMENTS:
- CERVICAL PILLOW (1)
- HYPOGLYCEMIC MANAGEMENT (1)
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dures which were not included in the questionnaire and 
which were offered by the respondents are shown in Table 
4. Perhaps it was felt that these procedures could be of 
some benefit to a subset of their TTH patients. The most 
commonly cited reason for the respondent to have the view 
that their approach to treating TTH might not be fully 
representative of the typical chiropractor's approach was 
that field practitioners might "adjust more of the full 
spine". To date, such a "full spine" approach to chiroprac 
tic spinal manipulation has not been investigated in any of 
the clinical studies, so its use is strictly empirical.

Conclusion
The questionnaire used in this survey has been found to 
have an acceptable level of test-retest reliability. The pro 
cedures most highly endorsed by the respondents, them 
selves a somewhat selected group of practitioners, are 
consistent with the evidence in the literature as to which 
procedures have demonstrated effectiveness in the treat 
ment of TTH or non-vascular headache . In this respect, 
this questionnaire has been shown to have good content 
and construct validity. The questionnaire contains a suffi 
ciently wide variety of items so that its ability to capture 
the breadth of practice approaches amongst general practi 
tioners is likely very high. This would apply to those prac 
titioners who employ both standard and unconventional 
procedures such as nutritional counseling, somatic 
therapy, full-spine manipulation and "systems" tech 
niques.

At present, we offer this profile of specialist-endorsed 
procedures, particularly upper cervical manipulation and 
soft tissue therapy accompanied by a stretching exercise 
prescription, as a set of "best-evidence practices" for use 
in chiropractic practice for the treatment of tension-type 
headache.
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Systematic review of 
randomized clinical trials of 
complementary/alternative 
therapies in the treatment of 
tension-type and cervicogenic 
headache

H.Vernon, C. S. McDermaid, C. Hagino
Canadian Memorial Chiropractic College,Toronto, Canada

SUMMARY. Objectives:To conduct a systematic review of the randomized controlled 
clinical trials (RCTs) of complementary/alternative (CAM) therapies in the treatment 
of non-migrainous headache (i.e. excluding migraine, cluster and organic headaches). 
Design: Systematic review with quality scoring and evidence tables. Main outcome 
measures: Number of RCTs per therapy, quality scores, evidence tables. Results: 
Twenty-four RCTs were identified in the categories of acupuncture, spinal 
manipulation, electrotherapy, physiotherapy, homeopathy and other therapies. 
Headache categories included tension-type (under various names pre-1988), 
cervicogenic and post-traumatic. Quality scores for the RCT reports ranged from 
approximately 30 to 80 on a 100 point scale. Conclusion: RCTs for CAM therapies of 
the treatment of non-migrainous headache exist in the literature and demonstrate 
that clinical experimental studies of these forms of headache can be conducted. 
Evidence from a sub-set of high quality studies indicates that some CAM 
therapies may be useful in the treatment of these common forms of headache. 
© 1999 Harcourt Publishers Ltd

Howard Vemon
Canadian Memorial 
Chiropractic College 1900 
Bayvrew Ave Toronto, ON 
M4G 3E6 Canada

INTRODUCTION

Tension-type headache (TTH) is the most prevalent 
form of adult benign headache. Recent population- 
based studies have estimated its prevalence as 
35-40% of the adult population in Western soci 
eties.'-3 TTH contributes to a large burden of dis 
ability, resulting in lost work-days, diminished 
quality of life, and considerable health care costs to 
both governments and institutional payers. 3-4 
Individual sufferers share in these costs, because the 
predominant approach to treatment of TTH is the 
use of over-the-counter analgesic medications4 for 
symptomatic relief.

The etiology of TTH is unclear at present. Older 
models of painful cranial muscular contraction,

possibly induced by psychological tension, have 
been rejected.5"8 In 1988, the International 
Headache Society (IHS) promulgated a classifica 
tion of headaches' which did not endorse any 
particular etiological mechanism for TTH, and, as 
such, recommended changing the name of this con 
dition from 'tension headache' to the current form 
of 'tension-type headache'. The IHS classification 
includes two categories: headaches less frequently 
than 15 per month are known as episodic TTH, 
while the term chronic TTH is reserved for the small 
minority (about 3%)3-4 who suffer headache more 
frequently than every other day. The IHS-based 
definition of TTH is given in Figure 1.

Cervicogenic headache (CH) is a recently vali 
dated type of headache,9"" although its existence

Cmplcmcncr/ n><™P'«'" **«**« ( 1 1 W), 7, 142-155 © 1999 l-tarcoun Publishers Ud 142
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1) Tension-Type Headache:
A. At least 10 previous headache episodes fulfilling criteria B to D. 
B. Headache lasting from 30 minutes to 7 days. 
C. At least two of the following criteria:

i. Pressing /tightening (non-pulsatile) quality
ii. Mild or moderate intensity (may inhibit, but does not prohibit activity)
iii. Bilateral location
iv. No aggravation by walking, stairs or similar routine physical activity. 

D. Both of the following:
i. No nausea or vomitting (anorexia may occur)
ii. One of photo-or phonophobia may be present, but not both.

2) Cervicogenic Headache:

A. Pain localized to the neck and occipital region. May project to forehead, orbital region, temples,
vertex or ears.

B. Pain is precipitated or aggravated by special neck movements or sustained postures. 
C. At least one of the following:

i. Resistance to or limitation of passive neck movements
ii. Changes in neck muscle contour, texture, tone or response to active and passive stretching 

and contraction
iii. Abnormal tenderness of neck muscles. 

D. Radiological examination reveals at least one of the following:
i. Movement abnormalities in flexion/extension
ii. Abnormal posture
iii. Fractures, congenital abnormalities, bone tumours, rheumatoid arthritis or other distinct 

pathology (not spondylosis or osteochondrosis).

Fig. I Criteria for tension-type headache and cervicogenic headache from the IMS classification7

had been proposed by investigators in the manual some CAM therapies (acupuncture and physio
medicine field for many decades. 12 - 13 Nilsson, 14 apy) were regarded as control or 'pseudo-plac
using the criteria established by the 1HS', reported treatments. No primary complementary/altem
the prevalence of cervicogenic headache in a (CAM) therapies were included. It appears th
Scandinavian population to be approximately 16%. systematic review of CAM therapies
There is still some confusion in the clinical profiles non-migrainous headaches currently exists ii
of TTH and CH. The IHS-based definition of CH is literature,
given in Figure 1. Since the publication of Eisenberg's imjx

A lack of clarity also exists for the etiology of article describing the usage of CAM therapii
CH; however, by definition, it must involve pain Americans23 interest in the topic within ont
referred to the head originating from structures in medical circles has grown and the use of CAM
the cervical spine. The upper cervical spine has apies in society has increased considerably.'
been particularly implicated, principally as the therapy utilization rates in sufferers of TTI
upper cervical spinal cord and lower brain stem poorly understood. Several studies cite the pr
share a common input of pain afferent fibres from u'on of patients seeking chiropractic can
the trigeminal and upper cervical sensory headache to be approximately 3-10% of patie
systems. 13 practice.24-25

A number of systematic reviews and meta- Our group is pursuing a number of clinical si
analyses have been reported on treatments for in TTH and CH, with a particular interest in non
headache. 1 *-22 The interventions studied in these macologic therapies which have been used f«
reviews have been confined to pharmacological migrainous headaches. In the non-phannao
therapies and cognitive/behavioural therapies. The group there are two main categories of therapie:
majority of these reviews have been for treatments first of these includes psychologically-based
of migraine-type headache. Bogaards and ter ments involving cognitive or behavioural the
Kuile's recent mcta-analytic review of treatments such as biofeedback and counselling. The ««
for 'recurrent tension headache'" confined itself to these categories involves CAM therapies, tad
the following categories of intervention: phannaco- acupuncture, chiropractic, physiotherapy, ma
logical, cognitive therapy, relaxation therapy, EMG homoeopathy and others. This report will o
biofeedback therapy and combinations, although itself to this latter category.
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The goal of this report was to present an analysis 
of the randomized clinical trials of the efficacy of 
CAM treatments for non-migrainous headache. We 
have defined 'non-migrainous headache' as exclud 
ing migraine (with or without aura), cluster and any 
organic types of headache. In this study, we 
employed standardized methods for literature 
searching and evaluating the quality of the relevant 
studies.

METHODS

Literature review
A literature search was conducted of MEDLINE 
(English-language, 19.66 to mid-1998), Psyclnfo 
and CINHAL databases. The MEDLINE search 
strategy is given in Figure 2. Once these searches 
were obtained, supplementary searches of citations 
and reference lists in other systematic literature 
reviews, as well as author queries, were undertaken.

Inclusion criteria
From the total initial citation lists, a screening 
process was undertaken by the senior author to 
identify the study design as one of the following: 
clinical trial, case series, case report or letter to the 
editor. Only randomized controlled trials (RCTs) 
were retained for analysis in this report. Relevant 
RCTs were defined as prospective studies with a 
sample of adult headache sufferers in which at least 
two groups were randomly allocated to receive one 
or more interventions. Studies involving exclu 
sively migraine, cluster or organic types of 
headache were excluded. A small number of studies 
included both tension (-type) and migraine groups, 
and were included in the review. In some reports, 
older terminology such as 'muscle contraction' or 
'tension' headache was used and these studies were 
included.

Studies were included in the review if they 
reported clinical outcomes related to headache 
activity (i.e. headache index, severity, frequency, 
medication usage). Studies which reported only 
physiological outcomes (EMG measurements only, 
blood chemistry, eye function), without clinical 
measures were not included. Papers had to be pub 
lished in the English language.

Quality scoring
Data abstraction and quality reviews were indepen 
dently conducted by two reviewers (CM and CH), 
using a standardized abstraction form and a quality 
review protocol modified from van Tulder et al.26 
(further details are available from the authors on 
request). This quality review protocol was deemed 
most appropriate for our purposes as it was devised 
for reviewing clinical trials of non-medical treat 
ments for spinal pain. As such, items pertaining to

medications (dosages, side effects, monitoring via 
blood samples, etc.), which would be relevant to 
drug trials and which appear in other quality review 
schemes," 27 were excluded to prevent quality 
decrements from unfairly being applied to the CAM 
studies.

The reviewers were not blinded to the source of 
the citations. While there is evidence that a differ 
ence may exist between blinded and unblinded 
reviews, the differences demonstrate little consis 
tency in direction of bias or its magnitude.28

The reviewers included one clinician (CM) as 
well as a non-clinician methodologist (CH). The 
reviewers' scores were assessed for consistency 
with the Intraclass Correlation Coefficient. The 
standard error of the mean of the difference scores 
was calculated to determine the absolute level of 
difference between the reviewers' scores.

Evidence tables were constructed to include 
author(s), year of publication, study duration, sam 
ple size, headache type (as well as use of IHS classi 
fication) and a review of the outcome of the trial, 
specifically whether a positive or negative result 
was obtained when comparing the experimental to 
the comparative or control treatment(s). No statisti 
cal pooling was attempted.

The quality review protocol contains eighteen 
items answered by 'yes, no, don't know' scores. The 
latter two response categories were collapsed, mak 
ing the scoring dichotomous. No weighting factor 
was used. Scores, therefore, range from 0-18, and 
were converted to percentages for ease of interpre 
tation and reporting. A rating of 0-40% was deemed 
to indicate 'poor' quality; ratings of 40-60% were 
deemed 'moderately high' and ratings above 60% 
were deemed to indicate 'high' quality.

RESULTS

The MEDLINE search resulted in 444 citations. 
Three hundred and forty-nine of these were 
excluded immediately because they were irrelevant 
to our study, involved migraine headaches or 
involved studies of behavioural or cognitive-type 
treatments. Of the remaining 95 citations related to 
CAM, 73 were not RCTs, giving a total of 22 RCTs. 
The Psychlnfo and CINHAL searches revealed no 
additional RCTs. Citation searches revealed one 
additional RCT.2' One RCT30 was identified in the 
recent literature. Five additional reports did not deal 
directly with clinical outcomes but were investiga 
tions of physiological measures,31 "34 or, in one case, 
did not involve symptomatic subjects.35 They were 
excluded from the review.

The 24 studies included in this review were orga 
nized into groups according to the primary modality 
of treatment. This was straightforward for studies 
involving acupuncture, spinal manipulation and 
homeopathy. The category of 'physiotherapy' was 
less straightforward. Studies investigating electrical
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US

1 randomized controlled trial.pt.
2 controlled clinical thal.pt.
3 randomized controlled trials.sh.
4 random allocation.sh.
5 double blind method.sh.
6 single blind method,sh.
7 1 or 2 or 3 or 4 or 5 or 6
8 (animal not human).sh.
9 7 not 8

10 clinical trial.pt.
11 exp clinical trials/
12 (clin$ adj25 trial$).ti,ab.
13 ((singlSor doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab.
14 placebos, sh.
15 placebo$.ti,ab.
16 random$.ti,ab.
17 research design.sh.
18 of/10-17
19 18 not 8
20 19 not 9
21 comparative study.sh.
22 exp evaluation studies/
23 follow up studies.sh.
24 prospective studies.sh.
25 (controls or prospectiveS or volunteer$).ti,ab.
26 or/21-25
27 26 not 8
28 26 not (9 or 20)
29 9 or 20 or 28
30 exp headache/
31 headache, ti.ab.
32 headache/ci
33 30 or 31
34 33 not 32
35 exp alternative medicine/
36 exp plants, medicinal/
37 exp plant oils/
38 exp plant extracts/
39 exp formularies, homeopathic/
40 ((complementary or unconventional or folk or alternative) adj25 (med$ or ther$ or treat$ or 

	care)).ti,ab.
41 exp holistic health/
42 exp physical therapy/
43 (physical ther$ or physiother$).ti,ab.
44 exp osteopathy/or exp osteopathic medicine/
45 (chiropract$ or naruropath$ or osteopaths or homeopath$ or acupunct$).ti,ab.
46 or/35-45
47 29 and 34 and 46
48 limit 47 to english language
49 47 not 48

Fig. 2 MEDLINE search strategy

therapies alone and as the primary modality were RCTs by treatment category. The largest group
placed in the 'electrotherapy' category. Studies involved studies of acupuncture, with no o^
included in the 'physiotherapy' category, involved group having more than five distinct trials. In *«
multiple modalities, including electrotherapy in manipulation group, one of the trials was repW^
some. Table 1 gives the breakdown of number of twice, with different sample sizes. We conduct^
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Treatment # of studies

Acupuncture
Manipulation
Electrotherapy
Physiotherapy
Massage
Homeopathy
Other

Total

quality reviews on each of these reports separately.
Twenty-two of the trials involved tension 

headache subjects. Only two reports (one trial)36 '37 
involved CH. Only one study involved post-trau 
matic headache (PTTH) subjects.38 Subjects in these 
three trials received spinal manipulation as com 
pared to soft tissue therapy (for the CH trials) or ice 
therapy (in the PTTH trial).

The quality raters' scores achieved a reliability 
coefficient of 0.72 (P = 0.0015). Scores were not 
statistically significantly different from one another 
(/ = -1.5, P = 0.14) and the 95% CI of the mean dif 
ference between scores was 1.9-0.3. Given this 
level of consistency, we averaged the two raters' 
scores for a final trial quality score.

Quality reviews
Acupuncture trials
The quality scores for the eight acupuncture trials 
ranged from 44 to 69, with an average score of 58 
and a median of 61. The quality scores for the four 
high quality trials ranged from 61 to 69%. These tri 
als were published during 1979-1996. The total 
number of subjects reported in these trials is 99, 
with an average of about 25 subjects per trial. Three 
of these trials29-39'40 were sham-controlled, with an 
average treatment duration of 52.5 days. The other 
trial,41 compared acupuncture to physiotherapy. 
Tavola et al.40 reported a 'negative' outcome, in that 
the acupuncture treatment was no better than the 
placebo, while Ahonen et al.41 reported significant 
improvement in the acupuncture and physiotherapy 
groups, with no difference between the two groups. 
Two trials2939 reported a significant difference 
favouring acupuncture over sham placebo with 
regard to the frequency of headaches, but these two 
trials have a combined total of 39 subjects, thus pre 
cluding any definitive conclusions.

The quality scores for the other four trials ranged 
from 44 to 50 (moderately high quality).42^5 They 
were published from 1984 to 1991. The total num 
ber of subjects in these reports was 173, with an 
average of 43 per trial. Only one of these studies 
was sham-controlled,44 while one used a no-treat 
ment control.45 The average duration of treatment 
was 99 days. Three of these studies reported a 
positive benefit in that acupucture was shown to be

better than sham-control for frequency,44 better than 
no-treatment control45 and belter than medication.43 
On the other hand, Johansson et al.43 did not demon 
strate differences between acupuncture and an 
occlusal splint for TMJ-related tension headache 
and Carlsson et al.42 reported that subjects receiving 
physiotherapy obtained greater benefit than 
acupuncture.

In summary, (see Tables 2 and 3) the total num 
ber of TTH subjects reported in the literature receiv 
ing acupuncture is 264. The treatment durations of 
these studies range from 6 to 12 weeks. Five (63%) 
of these studies were controlled (4/5 employed 
sham controls). Two of four higher quality studies 
reported negative results, although, with the small 
sample sizes in all of these trials, the likelihood of a 
type II error is quite high. Acupuncture has been 
shown in at least one study (low quality) to be more 
beneficial than medication over a 3 month period, 
and equivalent to an occlusal splint in the treatment 
of TMJ-related tension-type headache. Acupuncture 
does not appear to be more effective than a course 
of physiotherapy.

Spinal manipulation trials
Three RCTs of spinal manipulation for TTH,30-46'47 
two for cervicogenic headache36 '37 and one for 'post- 
traumatic headache' 38 were identified. The quality 
scores ranged from 56-80%, with a mean score of 
67.5%.

Table 4 reviews these trials. No trial included an 
exclusively sham or placebo-type control group, so 
that the 'efficacy' of spinal manipulation treatment 
cannot yet be determined. With respect to determin 
ing the effectiveness of spinal manipulation, compar 
ative treatments include soft-tissue mobilization,46 
resting briefly,46 ice pack,38 amitriptyline47 and soft 
tissue therapy.30-36-37 A total of 286 subjects were 
included in these reports.

There is some inconsistency with regard to the 
diagnostic classifications used in these studies. The 
report by Hoyt et al.46 involved a single manipula 
tive session provided to nine subjects with a concur 
rent 'muscle contraction' headache (versus 13 other 
control subjects). Jensen et al.'s38 study was con 
ducted on a small group of subjects with 'post-trau 
matic headache'. Boline et al.'s47 and Bove and 
Nilsson's30 studies were the only ones to explicitly 
include 'tension-type headache' according to the 
IHS criteria.9 The former study included a 6 week 
intervention phase and a 4 week follow-up, while 
the latter study involved 4 weeks of treatments with 
no follow-up phase. Nilsson's study36-37 was con 
ducted on subjects with cervicogenic headache.

As no high quality studies exist which employed 
an exclusive placebo or sham-control group, the 
efficacy of SMT for TTH or CH cannot be deter 
mined. Four high quality studies do exist which 
compare SMT to other forms of therapy, although 
two of them have relatively small sample sires. 
Three of these studies report a benefit of SMT.
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Authors Headache 
type

Sample Study 
size duration

Treatment 
groups

Results Side 
effects

Quality 
scores

Tavola et 
al.. I99240

White et 
al.. I996 2'

Borglum- 
Jensen et 
al., 1979"

Ahonen et 
al.. 1984"

Totals
or
average

tension-type
headache
(IHS)

30 60 days

episodic 
tension-type 
headache 
(IHS)

not
specified 
(non- 
migraine)

myogenic 
headache'

10
(pilot
study)

29

45 days

60 days

22 30 days

91 48 days

(1) ACUP 
= IS
(2) SHAM 
= 15

(1) ACUP

(2) SHAM 
— 5

(1) ACUP 
= 19
(2) SHAM 
= 10

(1) ACUP 
= 12
(2) SHAM 
= 10

Pre-Post Tx 
reduction F
(1)44.3%
(2)21.4% 
NS
Pre-Post Tx 
reduction S
(1)58.3%
(2) 27.8% 
NS 
Post-TV F
(1)9/28 weeks 
HA-free
(2) 3/36 weeks 
HA-free 
Pre-Tx f:
(1)34.6(17) 
/60 days
(2)26.9(16) 
Post-TV f:
(1)25.7(17)
(2)23(15) 
P < 0.05 
Pre-Tx F:

daily
> I /week 
I/week 
<3 month 
Post-Tx F:

(I) P) 
6 5 
6 4 
0 I 
0 0

daily
> I/week 2
I/week 3
<3/month 2
NS

(I) (2) 
5 3

Not 
mentioned

69

None

None

69

64

Not 
mentioned

61

66

(n) = sample size in each treatment group; (/HS) = inclusion based on criteria of the International Headache Society 
Classification.'Treatment types:ACUP = acupuncture; SHAM = sham placebo treatment; SPLINT = occlusal splint; 
CONTR = no-treatment control; P/T = physical therapy or physiotherapy. MEDS = medication; MANIP = chiropractic 
spinal manipulation; STT = soft tissue therapy.AMIT = amrtriptyline; RELAX = relaxation therapyTENS = 
transcutaneous electrical nerve stimulation; ELEC. STIM. = electrical stimulation; LO- = low level; BIOF = biofeedback; 
ATTEN. = attention control. Outcomes Tx = treatment; HA = headache; S = severity; F = frequency; mm = millimetres 
on a visual analogue scale; severity; Global relief: mod = moderate; sev = severe; v. sev. = very severe Frequency sev = 
several, hi = high; mod = moderate; min = minimal; improv. = improvement; > = statistically significantly better than; = 
means: not statistically significantly better than. NS = not significant; * = 0.05; ** = 0.01; *** = 0.001.

In these studies SMT is more effective than ice pack 
applications and soft tissue therapy in post-trau 
matic and CH. SMT appears to be as effective as 
amitriptyline in producing short-term benefit for 
TTH; however, there may be a longer term benefit 
with SMT once the treatments are withdrawn. In 
one study, the addition of SMT to a group already 
receiving therapeutic levels of deep massage did not 
improve outcomes in TTH sufferers beyond the 
level obtained by a group receiving the massage and 
a placebo treatment. This study is the only one to 
report no additional benefit from SMT.

Electrotherapy studies
Four RCTs were obtained which investigated 
electrotherapy as the sole modality. Three studied

transcutaneous electrical nerve stimulation (TENS) 
and one used a form of 'cranial electrotherapy'. The 
latter study and two of the TENS studies48-50 were 
placebo-controlled, while the other study51 com 
pared TENS to relaxation therapy, biofeedback and 
a combination of all three treatments. The quality 
scores for these studies ranged from 39 to 61 %, with 
an average score of 50%. Only one study achieved a 
rating which would qualify it as of 'high' quality.* 
The studies by Reich51 and Solomon et aL41 
included both tension-type and migraine sufferers, 
while the studies by Airaksinen and Pontinen49 and 
Solomon and Guglielmo50 involved only tension- 
type headache. Airaksinen and Pontinen49 investi 
gated the short-term changes in pressure pato 
threshold at 'trigger points' in TTH
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Authors Headache Sa 
type si;

Hansen chronic 1 8 
and tension 
Hansen headaches 
1985"

johansson muscle 45
etal., 1991 tension
*5 headache

Carlsson et chronic 62
al.. 1990 tension-
n type HA

(IMS)

Loh et al., 'muscle 48
1 984" tension'

= 7
migraine
= 31
mixed
= 10

Total or 173
average

imple Study Treatment Results Side Quality 
te duration groups (n) effects scores

Pre-TXP:
105 days (I)ACUP (l) = 42.2 1 subject 50 
(crossover) =9 (2) = 40.7 had aggravation 

(2) SHAM Post-Ix F: of pain
= 9 (6 weeks) from

(l) = 26.4' needling
(2) = 35.2
Post-Tx F:
(12 weeks 2 )
(l) = 30.l
(2) = 30.9*

1 = primary
measure is
period
index
2 = groups
crossed-over
Pre-Tx S:

120 days (I)ACUP (1)52 mm Not 50
= 15 (2) 55 mm mentioned
(2) SPLINT (3) 50 mm
= 15 Post-Tx S:
(3) CONTR (1)27 mm*
= 15 (2) 29 mm

(3) 56 mm
NS between (1)
and (2)
Pre-Tx S:

60-90 (I)ACUP (%) (1) (2) None 50
days = 23 none 3 0

(2) P/T mild 3 3
= 29 mod. 17 29

sev. 59 58
v. sev. 17 10
Post-Tx S:
(%) (1) (2)
none 9 7
mild 9 38
mod. 39 41
sev. 35 14
v. sev. 9 0

* ***
Pre-Tx F:
(%) (') (2)
none 0 0
I-2/ months 7 0
I/week 7 7
sev/week 31 36
daily 55 58
Post-Tx F:
(%} (1) «
none 0 0
l-2/months 22 17
1 /week 26 38
sev/week 3 1 4
daily 39 31

*4 ***

( 1 ) improvement
120 days (I)ACUP level: Not 44

= 4 1 great = 9/4 1 mentioned
(2) MEDS mod = 7/41
= 36 slight = 8/4 1

none =17/41
(2) improvement
level:
great = 3/36
mod =1/36
slight = 5/36
none = 27/36
(Subjects may have
received both
Txs in series)

105 days 48

In) = sample size in each treatment group; (/HS) = inclusion based on criteria of the International Headache Society Classification.' 
Treatment types: ACUP = acupuncture; SHAM = sham placebo treatment; SPLINT = occlusal splint; CONTR = no-treatment control; 
P/T = physical therapy or physiotherapy, MEDS = medication; MANIP = chiropractic spinal manipulation, STT = soft tissue therapy, 
AMIT = amitriptyline; RELAX = relaxation therapy.TENS = transcutaneous electrical nerve stimulation; ELEC. STIM. = electrical 
stimulation; LO- = low level; BIOF = biofeedback; ATTEN. = attention control. Outcomes T* = treatment HA = headache; S = severity,
F = frequency; mm = millimetres on a visual analogue scale; severity. Global relief: mod = moderate; sev = severe; v. sev. = very severe 
Frequency: sev = several, hi - high; mod = moderate; mm - minimal, improv. = improvement; > = statistically significantly better than; - 
means: not statistically significantly better than. NS = not significant;* = 0.05; ** = 0.01;*** = 0.001.
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Authors Headache 
type

Sample 
size

Number 
ofTXs

Treatment 
groups (n)

Results Side 
effects

Quality 
scores

Hoyt et al., 
1979"

'muscle 
contraction'

22

Jensen et post 
al., 1981 traumatic
38

Nilsson cervicogenic
1995)6

19

39

Nilsson 
1997"

cervicogenic 53

Boline et 
al.. 1995
<2

tension-type
headache
(IMS)

126 12

Bove and
Nilsson.
I99830

tension-type
headache
(IMS)

75

(1)MANIP 
= 10
(2) MOB

(3) REST 
= 6

(1)MANIP 
= 10
(2) ICE 
= 9

(1)MANIP 
= 20
(2) STT 
= 19

(1)MANIP 
= 28
(2)STT 
= 25

(1)MANIP 
= 70
(2) AM IT 
= 56 
(2) +5.0

(1)MANIP 
+ STT 
= 38
(2) SHAM 
+ STT 
= 37

Post-IX S:
(1)-48%"
(2)0
(3)0

Post-fx S:
(1) -30.77 100
**

(2) + 6.7/100

Post-Tx F:
(1)-3.4 
(-59%)
(2) -2. 1 
(-45%) 
Post-Tx S:
(0-is
(-45%) 
(2) -10 
(-24%) 
Post-Tx F:
(1) -3.2* 
(-69%)
(2) -1. 6 
(-37%) 
Post-Tx S:
(0-17* 
(-36%) 
(2M.2 
(-17%) 
Post-Fx f:
(1) -3.8/28
(2) -4.0/28 
Follow-up F:
(1)-I.O"
(2)82.1% 
Post-Tx S:

Not 
mentioned

56

Not 60 
mentioned

Not 64 
mentioned

Not 
mentioned

72

(2) -1. 8/20" 
Follow-up S:
(1) -.5"
(2) +2.0 
Post-Tx f:
(1) -1.5 hours
(2) -1. 9 hours 
Post-Tx S:
(1) No 
change
(2) No 
change

(1)4.3%
neck
stiffness
(2)82.1% 
dry mouth, 
drowsy, or 
weight 
gain

Not 
mentioned

75

80

Total or 
average 286

(n) - sample size in each treatment group; (/HS) = inclusion based on criteria of the International Headache Society 
Classification.'Treatment types:ACUP = acupuncture; SHAM = sham placebo treatment; SPLINT = occlusal splint; 
CONTR = no-treatment control; P/T = physical therapy or physiotherapy; MEDS = medication; MANIP = chiropractic 
spinal manipulation; STT = soft tissue therapy.AMIT = amitriptyline; RELAX = relaxation therapy;TENS = 
transcutaneous electrical nerve stimulation; ELEC. STIM. = electrical stimulation; LO- = low level; BIOF = biofeedback; 
ATTEN. = attention control. Outcomes Tx = treatment HA = headache; S = severity; F = frequency, mm = millimetres 
on a visual analogue scale; severity: Global relief: mod = moderate; sev = severe; v. sev. = very severe Frequency: 
sev = several, hi = high; mod = moderate; m/n = minimal; improv. = improvement; > = statistically significantly better 
than; = means: not statistically significantly better than. NS = not significant; * = 0.05; ** = 0.01; *** = 0.001.

(presumably as a measure of pain relief for concur 
rent headache), while the other three studies investi 
gated the prophylactic benefit of a series or 
programme of treatments. A total of 507 tension 
headache subjects were included in these four stud 
ies (see Table 5).

At least one high quality RCT and two others of 
moderately high quality demonstrate that elec 
trotherapy is more efficacious than placebo in the 
treatment of TTH. One moderately high quality 
study demonstrated that TENS is at least as effec 
tive as other cognitive/behavioural therapies in
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Authors Headache Sample Study Treatment Results Side

tyP6 size duration groups (n) effects

Post-Tx S:
,00051 mUSC ' e 33 ' "least 15 (1) RELAX (At Not
1989 contraction weeks TX. (2) TENS discharge) mentioned

headache 36 months (3) BIOF (1)- 1.5/5
follow-up (4) COMB (2) -2. 1 /5

(migraine /j\ _2 4/5 *«*
also included /4\ _2 1 75
but not pos(.-rx F.

analvzed (At discharge)
here) (1) -20 hours

(2) -22 hours
(3) -30 hour ***
(4) -22 hours
Post-Tx S:

Solomonet tension !00 6- 10 weeks (1) CRANIAL (l)-2.l (1)10.5%
aj., 1989 headache ELEC. STIM (35%)' (2)12.7%

Quality
scores

44

61

= 50 (2) - 1 .2 most frequency
( 1 8%) = irritation at

(2) SHAM Global relief. electrode
= 50 (%) site

(0(2)
hi 124
mod 24 1 2
min 26 20
none 38 63

Pre-Post
Airaksinen chronic 14 1 week, (I)ELEC. Pressure Not
and tension (self- 2 sessions STIM. Thresholds: mentioned
Pontinen. headache control) (kgs)
1992" =14 (Opre =

(2) SHAM 2.83(0.16)
= 14 post =

3.46(0.21)
(2) pre =
3.34 (0.2)
post =
3.48(2.1)
Percent

Solomon migraine 62 one (1) ACTIVE showing Not
and =21 treatment TENS clinically mentioned
Guglielmo. muscle = 18 significant

1 985s0 contraction (2) LO- improvement
= 33 TENS (Muscle
combined = 18 contraction
= 8 (3) SHAM headache)

= 22 (l) = 55%
(2)&(3)= 10%

Total or 507
Average

(n) = sample size in each treatment group; (/HS) = inclusion based on criteria of the International Headache
Classification.'Treatmenttypes:ACUP = acupuncture; SHAM = sham placebo treatment; SPLINT = occlusal

39

56

SO

Society
splint;

CONTR = no-treatment control; P/T = physical therapy or physiotherapy; MEDS = medication; MANIP = chiropractic
spinal manipulation; STT = soft tissue therapy; AMIT = amitriptyline; RELAX = relaxation therapy; TENS =
transcutaneous electrical nerve stimulation; ELEC. STIM. = elearical stimulation; LO- = low level; BIOF = biofeedback;
ATTEN. = attention control. Outcomes Tx = treatment HA = headache; S = severity, f = frequency; mm = millimetres
on a visual analogue scale; severity: Global relief, mod = moderate; sev = severe; v. sev. = very severe Frequency:
sey, = several, hi = high; mod = moderate; mm = minimal; improv. = improvement; S = statistically significantly better
than; = means: not statistically significantly better than. NS = not significant; * = 0.05; ** = 0.0 1 ; *** = 0.00 1 .

reducing headache activity, although patient vari 
ables such as the duration of headache complaint 
and the number of treatments rendered have an 
impact on individual patient response.

Physiotherapy trials
Three RCTs were identified involving multi- 
modality physiotherapy treatment programmes. The

quality scores for these trials ranged from 33 to 58% 
(low-to-moderately-high quality). The study with 
the highest rating (Carlsson et al.52) compared phys 
iotherapy treatment to acupuncture. In this trial, 
'physiotherapy' consisted of a variety of patient-ini 
tiated modalities, including relaxation techniques, 
stretching, TENS and ice therapy, as well as educa 
tion regarding muscle tension and how to control it
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Authors Headache 
type

Sample Study 
duration

Treatment 
groups (n)

Results Side 
effects

Quality 
scores

Carlsson et chronic 
al., 1990" tension 

headache

62 60-90 
days

(1) P/T 
= 29
(2) ACUP 
= 23

Marcus et 
al., I995M

jay et al., 
1988"

migraine = 
36% 
tension =

combined 3
36%
(IHS)

chronic 
muscle 
contraction 
headache

25 60 days (1) P/T 
+BIOF 
= II
(2) ATTEN 
CONTROL 
= 14

60 90 days'
Tx
90 days'
follow-up

(1) MEDS + 
BIOF
(2) + P/T 
+ TENS
(3) + P/T 
ONLY

Post-Tx F:
(1) reduced. 
P<O.OOI
(2) reduced, 
P<O.OI 
Post-Tx S:
(1)-25 mm
@ 4—9 weeks
+ I mm
@ 7-12 months
***
(2)-I mm 
@ 4—9 weeks 
+ 12 mm 
@ 7-12 months 
Post-Tx F:
(1)-8.3 days
(2) -2.7 days
(S'g- ?)
Post-Tx S:
(2) -88.2%
(2) -32.7%
Subjects
with significant
change:
(1)73%
(2) 27% 
Post-Tx S: 
WX(I)(2)(3) 
I 263324 
5 141.74.3 
8 3 I 1.9

(2) and (3) >
(1)
(2) = (3)

Not 
mentioned

58

Not 
mentioned

55

Not 
mentioned

33

Total or 
average

147 80 days 47

(n) = sample size in each treatment group; (/HS) = inclusion based on criteria of the International Headache Society 
Classification,'Treatment types:ACUP = acupuncture; SHAM = sham placebo treatment; SPLINT = occlusal splint; 
CONTR = no-treatment control; P/T = physical therapy or physiotherapy; MEDS = medication; MANIP = chiropractic 
spinal manipulation; STT = soft tissue therapy; AMIT = amitriptyline; RELAX = relaxation therapy;TENS = 
transcutaneous electrical nerve stimulation; ELEC. STIM. = electrical stimulation; LO- = low level; BIOF = biofeedback; 
ATTEN. = attention control. Outcomes Tx = treatment; HA = headache; S = severity, F - frequency; mm = millimetres 
on a visual analogue scale; severity: Global relief, mod = moderate; sev = severe; v. sev. = very severe Frequency, 
sev = several, hi = high; mod = moderate; mm = minimal; improv. = improvement; > = statistically significantly better 
than; = means: not statistically significantly better than. NS = not significant; * = 0.05; ** = 0.01; *** = 0.001.

'autogenically'. Both treatments produced positive 
benefit in mood state and overall health function as 
well as in the intensity and frequency of headaches. 
Physiotherapy produced greater gains in mood state 
and in reduced headache intensity.

In both other studies,53-54 the physiotherapy 
modalities employed included TENS, heat, massage 
and ultrasound therapy to the painful areas, trigger 
point therapy, exercise therapies, biofeedback and 
education. In Jay et al.'s study53 all subjects received 
amitriptyline medication. They reported that sub 
jects receiving the additional physiotherapy treat 
ments fared better than those receiving only the 
medication. Only the study by Marcus et al.54 
employed a control procedure consisting of educa 
tion and 'skin-cooling' biofeedback. They reported 
that the combined physiotherapy group 'was more

likely to experience significant headache relief 
than the attention control group (72.7 vs 28.6%, 
P<.03).

In all three studies (see Table 6) various combi 
nations of these 'physiotherapeutic' and 'cogni 
tive/behavioural' therapies (as well as medications, 
in one study) were employed, making the determi 
nation of the effect of each of these components 
impossible. A total of 147 subjects were included in 
these three studies (two additional reports by 
Carlsson et al.33-34 were on the same group of sub 
jects and were excluded from this review).

The evidence from the three studies on TENS 
adds to the evidence of the studies reviewed above 
under 'electrotherapy'. There are no high quality 
studies to support the efficacy of any other form of 
'physiotherapy' in the treatment of TTH. There is
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Item Per cent of trials

Eligibility criteria specified 0
Random allocation 4
Groups similar at baseline 25
Interventions explicitly described 4
Provider blinded 50 
Co-interventions described and limited 29
Compliance monitored 25
Patient blinded 24
Assessor blinded 8
Outcome measures relevant 4
Adverse effects monitored 33 
Drop-out rate described and

acceptable 25
Short-term follow-up 0
Long-term follow-up 42
Timing of outcome assessments 4
Sample size described 4
Intention-to-treat 58 
Point estimates and measure of

dispersion 8

some lower quality evidence supporting the effec 
tiveness of combined physiotherapy regimens in 
treating TTH.

Massage trials
No RCT was found on the effects of manual mas 
sage as the primary therapy for non-migrainous 
headache. The study by Bove and Nilsson30 
employed deep muscular massage to the trapezius 
and sub-occipital region as a control treatment. 
Subjects in both groups received this therapy, while 
they were randomly allocated to additionally 
receive spinal manipulation or sham treatment. As 
such, no randomized comparison of massage alone 
versus another treatment has been reported.

Homeopathy trials
Only one RCT was identified for homeopathic treat 
ments of TTH. Walach et al.55 reported on 98 sub 
jects, about half of whom had chronic tension-type 
headaches and were randomly allocated to receive 
either an individualized homeopathic remedy or an 
inert, indistinguishable placebo for 12 weeks. This 
trial achieved a quality score of 86%, which was the 
highest in our series, chiefly as a result of the high 
methodologic rigour which included an appropriate 
sample size and double-blinded, placebo controls. 
This trial reported no difference between the two 
groups on any important clinical variables related to 
headache activity.

Other remedies
One clinical trial was retrieved which investigated 
the use of an analgesic/counter-irritant ointment 
('Tiger Balm') in the treatment of tension 
headache.56 This study achieved a high quality rat 
ing of 72%. Fifty-seven tension headache subjects 
were randomly allocated to receive Tiger Balm,

topical placebo or paracetamol (1000 mg dose) as a 
treatment for a concurrent headache. Both Tiger 
Balm and paracetamol produced greater pain relief 
than placebo in a single headache episode (P < 0.05) 
for up to 3 hours, with no difference between these 
two.

One study was found on the effects of 'therapeu 
tic touch' on TTH57 which achieved a quality score 
of 47%. The therapeutic benefit is purported to 
derive from the 'therapeutic intent' of the therapist. 
No manual contact is applied in this therapy. This 
trial involved the application of either true or 
'placebo' therapeutic touch to 60 randomly allo 
cated tension headache subjects who were experi 
encing a headache concurrently. Subjects in the 
'experimental group' obtained twice as much pain 
relief as those in the control group immediately and 
4 hours after the 5 minute intervention.

Methodological aspects of the 
reviewed studies

Table 7 presents the results of the quality ratings per 
item of the rating checklist, based upon agreement 
between raters for 'no' or 'don't know'. Those items 
scoring higher than 30% represent critical deficien 
cies in this body of studies, most of which relate to 
internal validity.

DISCUSSION

CAM therapies for non-migrainous headache 
appear to operate within several intersecting theo 
retical models. The more general of these involves 
the amelioration of pain states by activation of puta 
tive endogenous anti-nociceptive processes. 58"60 The 
mechanism by which these therapies may work 
could be described as 'systemic', and could include 
acupuncture and homoeopathy, as well as some of 
the relaxation techniques employed within 'physio 
therapy' . These latter therapies are consistent with 
cognitive and behavioural therapies which have 
demonstrated effectiveness.8-"-21 -22

A second mechanism appears to involve treat 
ments targeted at the cervical spine or cranial mus 
cles as putative sources of headache pain. The 
notion that headache pain may arise from the cervi 
cal spine is generally well accepted today, based 
upon the work of Kerr, 15 Sjaastad et al. 10-" and 
Bogduk et al.61 -*5 This work has contributed to the 
acceptance of a category of headache known as 
'cervicogenic'.9 The degree to which problems in 
the cervical spine may contribute to tension-type 
headache is still unresolved, from both theoretical 
and nosological perspectives. Cervical musculo-lig- 
amentous dysfunction has been demonstrated in 
tension-type headache sufferers.66 Despite the con 
troversy, spinal manipulation, mobilization, mas 
sage, electrotherapy and other 'physiotherapeutic'
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procedures such as exercise and postural education, 
target the soft tissues of cervical spine and cranio- 
cervical junction which may be producing referred 
head pain.

The other regional mechanism involves therapies 
directed to the cranial area, including electrotherapy 
to cranial skin and muscles as well as topical creams 
applied to the cranial skin, the purpose of which is to 
reduce local pain and muscle spasm.

These latter two mechanisms may be described 
as 'local' and appear to involve either the ameliora 
tion of possible referred cranial pain from cervical 
sources or the reduction of local cranial pain by 
counterirritation. In addition, these therapies might 
theoretically exert a relaxant effect on local muscu 
lature.

The findings of our review demonstrate that 
RCTs of CAM therapies for non-migrainous 
headache do exist, and that some of them have been 
conducted and reported at a sufficiently high level 
of rigour. There are some who claim that it is not 
possible to investigate the benefit of CAM therapies 
with RCTs, in that, in requiring an appropriate level 
of standardization and methodological rigour, com 
promises to the treatment context which may invali 
date the results obtained are created.20 While this 
may be true to some extent, it would appear that this 
is not an absolute circumstance. In fact, several of 
the trials have successfully incorporated sham/ 
placebo treatments in order to investigate the effi 
cacy of the primary treatment.

It has also been shown that investigators in these 
areas can develop well-designed, high-quality 
studies and recruit appropriately large samples of 
subjects interested in participating. As this develop 
ment evolves, the database of outcomes for at least 
some of these treatment approaches should become 
large enough to conduct meta-analyses so that more 
robust evidence-based decisions can be made by 
practitioners.

It is noteworthy that one therapy, electrotherapy 
to cranial muscles, would appear to have sufficient 
strength of evidence to support its use in treating 
TTH. Additionally, for another therapy, homeopa 
thy, there is at least one high-quality trial whose 
results might recommend against its use in TTH. 
For the other therapeutic modalities, the evidence 
base either contains too few trials or contains trials 
resulting in contradictory findings which preclude 
any definitive summary.

The methodological deficiencies cited in Table 7 
indicate the areas where future clinical trials should 
be improved. Careful selection of headache subjects 
according to explicit inclusion and exclusion crite 
ria following the 1HS classification guidelines9 
should be employed. Provider and subject bunding 
may be difficult to achieve in studies of some CAM 
treatments, but every effort should be made to blind 
the treatment allocation from all parties not directly 
involved in the treatment, particularly the assessors.

The issue of long-term follow-up must be dealt with 
in future trials in order to establish the true value of 
these treatments to society at large and their impact 
on the health-care system.

CONCLUSION

We have reported on 24 published RCTs of 
acupuncture, spinal manipulative therapy, elec 
trotherapy, physiotherapy, massage, homeopathy 
and 'other therapies' for non-migrainous headache.

Pooling of trial data would be the most desirable 
representation of the evidence; however, the small 
number of trials in each category, as well as the 
variability in outcome measures in the trials, pre 
cluded this type of analysis at present.

Quality issues that require attention in further tri 
als include: similarly of groups at baseline, descrip 
tion of co-interventions, compliance monitoring, 
subject blinding (where possible), monitoring of 
adverse effects, describing drop-outs, long-term fol 
low-up and intention-to-treat analysis.
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Neuroplasticity of Neck/Craniofacial Pain Mechanisms: 
A Review of Basic Science Studies

Howard Vernon, D.C., F.C.C.S., Canadian Memorial Chiropractic College, 
Toronto, Ontario, Canada, and James Hu, Ph.D., University of Toronto, Faculty of

Dentistry, Toronto, Ontario, Canada

FACIAL, HEAD AND NECK PAIN are very common complaints in Western society and are highly prevalent in 
chiropractic practice. The physiologic basis of the association between neck pain and headaches (if not also some 
forms of facial and/or jaw pain) lies in the fact that the nociceptive afferents from upper cervical and posterior 
cranial structures terminate in the same second-order neuron pool, termed the "medullary dorsal horn," by Cobel 
et al. and the "trigemino-cervical nucleus" by Bogduk. A series of experiments beginning in the mid-1980s by Sessle 
and his colleagues has investigated these interactions in an exploration of craniofacial pain mechanisms. This article 
first presents a review of current pain physiology as a background to a serial review of the relevant experiments 
by Sessle and his colleagues. These studies are reviewed qualitatively, in order to inform the reader about their 
breadth and scope. Our work has confirmed that complex patterns of sensorimotor processing underly the phe 
nomena associated with craniofacial pain, and that various named clinical syndromes such as "upper cervical 
dysfunction/' "greater occipital neuralgia," "cervicogenic headache," "neck-tongue syndrome," and some forms 
of temporomandibular joint pain may ail share at least some aspects of this common mechanism. The clinical 
manifestations of disturbances in this mechanism are likely to include referred pain and muscular hypertonicity 
which are so common in myofascial pain syndromes in the craniofacial region. The astute clinician is then presented 
with much greater diagnostic complexity, but is also given expanded opportunities for therapeutic intervention in 
the challenging area of craniofacial pain. (JNMS: journal of the Neuromusculoskeletal System 7:51-64, 1999)

Key words: Chiropractic, Neurophysiology, Pain mechanisms, Upper cervical

Facial, head, and neck pain are very common C9mplaints 
in Western society and are highly prevalent in chiropractic 
practice (1). Estimates for the annual prevalence rate of 
neck pain average approximately 30% (2,3), while head 
ache prevalence rates are 45%-70% for tension type (4-6) 
and 15%-20% for migraine (5,6). There is considerable 
overlap between neck pain and headache complaints, with 
70%-80% of whiplash sufferers also experiencing head 
ache (7,8). In two studies of a disability rating index for 
neck pain complaints (the Neck Disability Index), headache 
was the highest rated item (9,10).

The physiologic basis of this association between neck 
pain and headaches (if not also with some forms of facial 
and/or jaw pain) lies in the fact that the nociceptive affer 
ents from upper cervical and posterior cranial structures 
(both intra and extra-cranial) terminate in the same second- 
order neuron pool. This consists of an uninterrupted column 
of cells in the brainstem and upper cervical cord, including 
the substantia gelatinosa and marginal laminae. First men 
tion of this connection appears to have been made by Skil- 
lem in 1949 (11) in his description of the "greater occipital

trigeminal nerve syndrome." However, it was the work of 
F. Kerr a few years later (12) which clearly identified the 
phenomenon of referred head pain from stimulation of the 
upper cervical sensory roots during posterior cranial sur 
gery. In fact, in some circles, this convergence of trigeminal 
and upper cervical afferents is referred to as the "Kerr" 
phenomenon. Gobel (13) has termed this nucleus the "med 
ullary dorsal horn," while Bogduk et al. referred to this as 
the "trigemino-cervical nucleus" (14).

Put in colloquial terms, the pain center of the head (spi 
nal nucleus of the trigeminal nerve) is continuous with the 
pain center of the upper cervical spine, and there is consid 
erable convergence between inputs from the head and neck 
within this system (see below). Figure 1 shows the spinal 
tract of the trigeminal nerve (V) descending in the brain- 
stem, containing three parts: pars oralis, pars interpolaris, 
and pars caudalis. The pars or subnucleus caudalis has a 
laminar structure and has been identified as descending to 
the level of C3 (14). These trigeminal afferent fibers syn 
apse on the same second-order neurons as do the afferents 
from levels Cl to C3, a process known as afferent conver-
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FIGURE 1. Trigemino-cervical nucleus: Afferents from subnucleus caudalis of V terminate on the same second-order neurons as 
do the afferents from C1-C3.

gence. The clinical implications of this convergence phe 
nomenon are discussed later in this review.

For a number of years, work has been pursued in the 
laboratory of Dr. Barry Sessle (Faculty of Dentistry, Oral 
Physiology Laboratory, University of Toronto) on the brain- 
stem mechanisms of craniofacial/cervical pain. This article 
reviews this work which extends from the early 1980s to 
the present. While the experimental data have already been 
reported, speculation on the clinical implications of these 
findings has, necessarily, been limited. This review expands

upon these potential implications. First, it is necessary to 
review some principles of basic pain neuroscience, espe 
cially for the novice reader.

CURRENT CONCEPTS IN PAIN NEUROSCIENCE

The reader is referred to specific references from which 
much of the following is taken (15-19). Pain is mediated 
by small myelinated (A-delta) and unmyelinated (C) fibers 
which, collectively, comprise nociceptive nerve fibers. Spe-
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cialized craniofacial structures such as teeth, cornea, and 
meninges are innervated solely by these small-diameter fi 
bers. While skin is also innervated by both the large- (A- 
beta) and small diameter fibers, nociceptive sensation from 
the deep structures, such as muscles and joints, is mediated 

-by group in (A-delta) and group TV (C-fiber) afferents. 
These small-diameter fibers terminate mainly in laminae I 
and n of the spinal cord and in the subnucleus caudalis of 
the trigeminal nucleus.

Three types of dorsal horn neurons (DHN) have been 
identified, two of which are normally involved in pain trans 
mission, classified as nociceptive neurons. Non-nociceptive 
inputs activate low-threshold rnechanoreceptive cells 
(LTMs) which are responsive to low-intensity afferent sig 
naling arising from mechanoreceptors in the peripheral tis 
sues. These signals are conveyed along large A-beta fibers. 
LTM cells signal non-noxious modalities such as touch, 
pressure, kinesthesia, and vibration. They are primarily lo 
cated in laminae IQ and TV of the dorsal horn (DH) and 
lower medulla (see Fig. 2),

Two types of DHNs are involved in signaling pain, one 
exclusively—the nociceptor-specific cell (NS)—and one in 
a mixed spectrum of painful and nonpainful stimuli—the 
wide dynamic range cell (WDR). Under normal conditions, 
NS cells are activated only in response to high-intensity 
noxious stimuli (nociception). They are mainly located in 
the "marginal zone". Oarnina I) of the dorsal hom. WDR 
cells are concentrated in lamina V and have several unique 
characteristics, namely: 1) they respond to both noxious and

FIGURE 2. Figurine of the medial part of the V subnucleus 
caudalis. The locus of each neuron was based on histologic 
reconstruction of electrolytic lesions at selected neuronal re 
cording sites. Filled circle. Low threshold mechanoreceptors 
(LTM); triangle, nociceptor-specific (NS) neuron; diamond, 
wide dynamic range (WDR) neuron. Note the general com- 
partmentalization of NS neurons in the marginal layers, LTMs 
in layers III and IV, and WDRs in layers V and VI. (Modified 
from Hu J. Pain 1990; 41:331-345).

non-noxious stimuli; 2) they have the ability to code stim 
ulus intensity, i.e., they manifest a low rate of response to 
light stimuli (nonpainful), whereas a high rate of response 
is manifested to intense (painful) stimuli; and 3) they re 
ceive inputs from a variety of tissue sources, including skin, 
viscera, muscles, and joints (hence the term "convergent 
neuron") (see Rg. 3).

It is now known that small-diameter nociceptive afferents 
contain both glutamate/aspartate as well as neuropeptides 
such as substance P and CGRP (calcitonin gene-related 
peptide). Glutamate appears to be the major transmitter in 
volved in the small-diameter pain fibers. An initial painful 
stimulus may provoke only glutamate release. Glutamate 
activates both NMDA (W-methyl-D-aspartic acid) and non- 
NMDA receptors in the dorsal hom and caudalis. The 
NMDA receptor is a specialized feature of the nociceptive 
neurons (NS and WDR) in the DH. Slow wave "afferent 
depolarization" along with intracellular second messengers 
act on the NMDA receptor causing a magnesium ion to be 
dislodged, thus allowing an influx of calcium. This increase 
of intracellular Ca1"1" may activate several signal transduc- 
tion systems (so-called "second messengers"), including 
phophokinase C (PKC), as well as the facilitation of nitric 
oxide (NO) production. These events may alter DH neu 
ronal properties profoundly, including a feed-forward facil 
itation by NO on the presynaptic ending, resulting in the 
release of additional glutamate as well as substance P. SP, 
which is known to act on the neurokinin 1 receptor, may 
produce prolonged postsynaptic membrane depolarization. 
Increased intracellular Ca2+ also produces more postsynap 
tic ionic gate opening, thus increasing the depolarization.

However, noxious stimulation produces these changes 
only under certain physiological conditions. One of these 
conditions may be inflammation, particularly the peripheral 
effect of inflammatory mediators such as PGE2, bradykinin, 
and substance P in inducing nociceptive afferent sensitiza-

"Low 
Threshold*

"Pain" "Pain"

Primary Afferents

Medullary/Spinal 
Dorsal Horn Neurons

Thalamus 
FIGURE 3. Distinction between WDR and NS neurons.
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tion (peripheral sensitization). This peripheral sensitization 
is further augmented by a process called neurogenic inflam 
mation. The inflammatory mediators activate nociceptive 
afferents and initiate neural spikes which, while traveling 
centrally, activate axonal collateral branches which activate 
more terminals to release additional inflammatory media 
tors. In this way, inflammation can provide the central ner 
vous system (CNS) with a constant "afferent barrage," pro 
ducing intense pain sensations and inducing the cascade of 
events which leads to central sensitization.

An injury or a potentially injurious stimulus may provoke 
a withdrawal response which is a normal defensive re 
sponse. However, inflammation and repeated strong stimuli 
may trigger the "central sensitization" process. Central sen 
sitization involves neuroplastic changes in the second-order 
neurons (in dorsal horn or subnucleus caudalis) as well as 
potential neural reorganization in supraspinal structures, the 
latter being poorly understood at present. This longer term 
neuroplastic change may also result in "central modula- 
tory" changes, which are seen in some neuropathic pain 
conditions and which can become refractory to opiate treat 
ment.

A second important central phenomenon associated with 
inflammation results from a high rate of repeated noxious 
stimulation, and is known as "wind-up." Strong stimuli 
occurring at a rate of at least once every 2 seconds may 
cause the DHN membrane to gradually shift toward depo 
larization, leading it to become hyperactive. On the other 
hand, if the rate of electrical impulses is slower than 1 /3 
second, no such temporal summation will occur. Wind-up 
and inflammation-induced stimuli are associated with the 
central neuronal neuroplastic changes described above. 
These include increased intracellular Ca2+ concentration, 
membrane hyperdepolarization, second-messenger activa 
tion, and release of neuropeptides. Central senstization in 
duces transient or "long-term" changes in neuronal prop 
erties (neuroplasticity) and eventually results in a 
hyperalgesic state (see Fig. 4).

The changes in response characteristics manifested by 
central (spinal DH and trigeminal subnucleus caudalis) neu 
rons include: 1) enlargement of the receptive fields (RF) of 
neurons (i.e., they respond to stimuli that are normally out 
side their range); 2) reduction of nociceptive thresholds; 3) 
increase in response magnitude, and 4) increase in sponta 
neous activity. The first three changes are related to hyper- 
algesia. In extreme cases, some NS neurons may possess a 
novel receptive field responsive even to touch or other low- 
threshold stimuli. These stimuli may then activate the NS 
neuron, rendering them "WDR-like." This touch-evoked 
pain, or "allodynia," is a feature in such chronic pain con 
ditions as trigeminal neuralgia or causalgia (reflex sympa 
thetic dystrophy) (see below). This phenomenon may occur 
when inflammation activates these so-called "silent noci-

*» Pain

Stimulus Intensity .
FIGURE 4. Explanation of "shift to the left" in stimulus re 
sponse characteristics typical of "central sensitization."

ceptors." Once their activation threshold has been reduced 
and spontaneous activity is more likely, these silent noci- 
ceptors become active nociceptors, and normal, nonpainful 
movements may trigger pain sensations. This becomes a 
further source of noxious barrage to the central neurons, 
further increasing their excitability as well as neuroplastic 
ity.

When nerve injury is also involved, these neuroplastic 
changes may produce a long-term pain state. The critical 
element in preventing the development of these changes is 
early treatment. In addition to their role in sensory func 
tions, the NMDA receptor mechanism is also known to be 
involved in memory and learning function in the central 
nervous system. If these nociceptor-induced pathophysiol- 
ogic changes are permitted to develop fully, then neuro 
plastic changes may become permanent and refractory to 
treatment. The short-term pathophysiology converts to a 
longer term pathophysiology with "memory" and perma 
nent structural change.

Numerous experimental models have been developed to 
investigate one or more of these "neuroplastic" elements. 
These models include the assessing of behavioral responses 
in awake animals, assessments of more focal physiologic 
responses in experimental preparations, and highly refined 
studies of the molecular responses within the DHNs.

Before the mid-1980s, most pain researchers employed 
cutaneous nociceptive models because of the ease of deliv 
ery of the noxious stimulus to the skin. However, seminal 
work by British (20,21) and German (22,23) researchers 
opened the door to the study of deep pain mechanisms 
through the use of chemical noxious stimuli. For example, 
Schmidt and his colleagues (23), in studying the discharge 
from single group HI and IV afferents from the cat kn«e 
joint, developed the concept of the "silent nociceptor" de 
scribed above.
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In the mid-1980s, models were developed which ex 
tended nociceptive studies to the deeper tissues and for 
longer periods of time (tonic pain). The formalin model 
(24) involved injection of formalin subcutaneously into the 
paw pad of an awake, unrestrained animal. Withdrawals of 
the paw for licking or biting were measured. Longer lasting 
and more complex pain behavioral mechanisms could be 
studied in this model. It was determined that a standard 
formalin exposure provoked a triphasic response consisting 
of an early reactive phase, a phase of diminished activity, 
followed by a phase of reactivation of withdrawal re 
sponses. This third phase was found to involve C-fiber fir 
ing, to be attenuated by nonsteroidal anti-inflammatory 
drugs (NSAIDs), and to represent manifestations of "cen 
tral sensitization."

Another model for studying deep tissue pain is the 
Freund's adjuvant model which produces a full-blown in 
flammatory reaction in the hindquarters and limbs of the 
animal, thereby providing a model for rheumatoid arthritis 
and chronic deep tissue pain. Other algesic/inflammatory 
agents which have been used in recent pain studies include 
carrageenan, kaolin, and bradykinin (see refs. 15 and 18 for 
reviews).

The chronic sciatic constrictive model of neuropathic 
pain was promulgated by Bennett and Xie (25) in 1988, 
although Triano and Luttges (26) had reported this model 
in 1980 and Christiansen and Meyer (27) had elaborated 
upon it in 1987. Bennett and Xie's work revolutionized the 
study of neuropathic pain and opened up a whole new area 
of investigation, which has since expanded to include mul 
tiple neuropathic models, particularly involving nerve root 
and dorsal root ganglion irritation models. These models 
distinguished neuropathic from peripheral mechanisms of 
pain, the latter including inflammation and other experi 
mental irritations of die peripheral tissues.

In the early 1980s, Woolf and Wall (20) began to connect 
the neuroplasticity observed in deafferentation processes 
with mechanisms related to pain. First, they observed that 
the nociceptive neuronal receptive field (KF) could be ex 
panded to incorporate a nearby fresh "wound" created ex 
perimentally (28). Furthermore, they created a rat decere- 
brated flexion reflex model with which they could test their 
hypotheses concerning neuroplastic changes associated 
with deep versus cutaneous stimulation (20). They found 
that the facilitation of the flexion reflex (a nociceptive re 
flex) produced by stimulation of a deep somatic nerve (gas- 
trocnemius nerve) was more prolonged (>2 hours) than for 
stimulation of a cutaneous nerve in the same body segment 
(sural nerve). They attributed these reflex changes to spinal 
DH neuronal property changes (i.e., to central sensitiza 

tion).
Subsequently, they employed mustard oil (MO), a C-fiber 

irritant, to induce deep tissue pain. They found that such

application in the hind limb could facilitate the flexion re 
flex. When lidocaine (a peripheral anaesthetic) was applied 
5 minutes before MO application, the facilitation of the 
flexion reflex was blocked, whereas lidocaine application 5 
minutes after MO application did not block the MO- 
induced facilitation of the flexion reflex. These studies re 
inforced the importance of central neurons in the facilita- 
tory process, leading to the development of the concept of 
"central sensitization" and, furthermore, to the notion that 
deep tissue sources of painful input may have a larger "sen 
sitizing" effect than cutaneous sources.

Sophisticated electrophysiologic recording procedures 
have made it possible to study single nerve fibers in the 
periphery and single cells (units) in the dorsal horn. Single 
unit recordings permit the identification of a number of im 
portant properties of the sensory neurons in the dorsal horn. 
Since virtually all cells in laminae I-VI receive cutaneous 
inputs, the cutaneous receptive field (RF) of the neuron can 
be mapped using both non-noxious and noxious stimuli to 
classify them as LTM, NS, or WDR types. Stimulation of 
relevant deeper structures such as subjacent muscles, joints, 
and blood vessels as well as stimulation of the nerves which 
supply these structures permits determination of whether a 
WDR neuron has superficial and/or deep RFs. Evaluating 
the baseline size and location of the RF (including where 
RFs do not exist under normal, resting circumstances) is 
the first step in such single unit recording experiments.

The next phase of these types of experiments involves 
some intervention such as: 1) the injection of an algogenic 
substance into some target tissue (substances such as mus 
tard oil, carrageenan, capsaicin, hypertonic saline, brady 
kinin, etc.); 2) a control injection (mineral oil or vehicle); 
or 3) electrical stimulation, particularly of nerve structures. 
The findings of numerous studies such as these (reviewed 
in refs (15-19), which are consistent with the model of 
central sensitization, typically involve manifestations of in 
creased excitability or, to use Dubner and Ruda's phrase 
(29), "activity-dependent changes" in DHNs.

Recently, investigators have taken advantage of another 
manifestation of central neuroplasticity, namely the mech 
anism of transduction of proto-oncogenes such as c-Fos. 
These proto-oncogenes are activated early in the process of 
activation of other genes within a cell and may serve as a 
marker for long-term changes in neuronal function. Various 
studies have shown that c-Fos is activated by experimental 
noxious stimulation and is then localized in the CNS by 
immunohistochemical methods. These studies have pro 
vided opportunities to localize segments and specific spinal 
cord regions where nociceptive transmission likely takes 
place. The localization of c-Fos-like immunoreactrvvty 
(FLI) in laminae I and V/VI in many of these studies pro 
vides further evidence that these areas are involved in pain 
transmission, for example, after MO is injected into the
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temporomandibular joint (30). A number of studies have 
reported bilateral distributions of FLI, most often in su- 
praspinal structures, indicating that the neural connectivity 
associated with nociception is quite complex and likely in 
volves multiple pain processing areas (31).

REVIEW OF EXPERIMENTAL EVIDENCE

With the above general review as a background, a series 
of studies examining brainstem/spinal cord mechanisms of 
head/face/neck pain can now be presented. The first group 
of studies (1981-1992) represent earlier work from the 
University of Toronto, Faculty of Dentistry, Oral Physiol 
ogy Laboratory of Dr. Barry Sessle and his co-investigator 
Dr. James Hu. These studies were mainly concerned with 
mechanisms subserving facia], oral, and dental pain, with 
some emphasis on deep somatic pain from the tongue and 
temporomandibular joint (TMJ). The later work includes 
studies of deep somatic pain from TMJ and upper cervical 
spinal tissues. The methodologies of these studies, while 
briefly and genetically reviewed above, are presented in the 
published works, and the reader is referred directly to these 
publications for much greater detail. Also, all of these stud 
ies were conducted with the full approval of the University 
of Toronto Animal Care Committee and conformed to the 
guidelines for pain studies in animals from the International 
Association for the Study of Pain (32) and the Ontario Act 
for Animal Research.

In 1981, Hu et al. (33) reported on the functional prop 
erties of feline trigeminal subnucleus caudalis neurones in 
response to both noxious and non-noxious stimuli in the 
orofacial region. Populations of LTM, NS, and WDR neu 
rons were located. WDR/NS neurons (as well as some 
LTMs) responded to stimulation of the hypoglossal and su 
perior lingual nerve (all neurons had orofacial-cutaneous 
RFs). One third of all caudalis neurons recorded also re 
sponded to noxious tooth pulp stimulation. A minority of 
these caudalis neurons (from 12% to 15%) were found to 
project to the thalamus, while 33%-50% projected to the 
subnucleus oralis of V, another part of the trigeminal sys 
tem.

Subsequently, Sessle et al. (34) demonstrated that stim 
ulation of the nucleus raphe magnus (NRM) and the peri- 
aqueductal grey matter (PAG), two nuclei known to be in 
volved in antinociceptive mechanisms at the spinal cord 
level, produced brief periods of inhibition of caudalis neu- 
ronal firing. Additionally, peripheral conditioning stimuli in 
the orofacial region (and even in the forelimb) induced sim 
ilar inhibitory effects.

Sessle et al. (35) investigated the wide range of tissue 
sources providing inputs into the feline subnucleus caudalis 
itself. For LTM, WDR, and NS neurons respectively, the 
percentage of neurons which responded to electrical stim 
ulation is given in Table 1. These data reinforce the wide

TABLE 1. Percentage of Neurons Responding to Stimulation 

Tissue LTM WDR NS

Skin 100% (209) 100% (19) 100% (3]) 
Superior lingual 28(160) 68(19) 56(34)

nerve
Tooth pulp 37(173) 84(19) 50(36) 
C2/C3 mixed 17(152) 61(18) 46(33)

nerve 
C3 muscle 25(32) 100(3) 29(7)

nerve 
Hypoglossal 21 (166) 58 (19) 52 (33)

nerve 
Temporalisor 7(123) 25(12) 21(28)

masseter
muscle

Numbers tested are parentheses. LTM, low-threshold mechanorecep- 
live cell; WDR, wide dynamic range cell; NS nociceptor-specific cell.

range of inputs into these multiconvergent cells including 
skin, deep somatic, and visceral sources. The high preva 
lence of C3 input onto WDR cells confirms their impor 
tance in potentially generating referred head or neck pain.

Amano et al. (36) then highlighted the contribution of 
muscle afferents from the jaw and tongue in the feline 
model. Muscle afferents stimulated by chemical or electri 
cal means activated predominantly WDR and NS caudalis 
neurons. The majority of these afferents were found to be 
nociceptive by virtue of their long latency/high threshold 
responses and the predominance c.tsmall fibers in the mus 
cle nerves tested. Many of these neurons also responded to 
tooth pulp stimulation. This study provided evidence of 
functional organization in the subnucleus caudalis of inputs 
from both cutaneous and deep (muscular) structures and 
illustrated central convergence of these afferents which 
might provide a basis for referred craniofacial pain.

Broton et al. (37) extended this work to include articulir 
afferents from the TMJ in the cat Again, WDR and NS 
neurons were especially responsive to algesic and electrical 
stimulation of the TMJ capsule. These afferents were likely 
nociceptive for the same reasons as described above for 
Amano et al. (36). A picture of multiconvergence within 
the subnucleus caudalis was now emerging involving the 
organization of cutaneous orofacial inputs with those from 
tooth pulp, facial/jaw muscles, tongue, and the TMJ.

Hu (38) described similar features in the rat subnucleus 
caudalis. Overlap of cutaneous orofacial and deep (hypo- 
glossal nerve) input was a feature of the WDR and NS 
populations. Hu demonstrated that the evoked responses 11 
the rat subnucleus caudalis could be attenuated by tail aw 
forepaw noxious stimulation, thereby demonstrating tba 
these neurons were subject to diffuse noxious inhibitor] 
controls (DNIC) (39), further evidence of their role in cran 
iofacial nociceptive processing.
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This investigation was followed by a study of changes in 

the response properties of single caudalis neurons after al- 

gesic stimulation (via 5% mustard oil) of the masseter mus 

cle (40). Algesic (vs. control) stimulation resulted in long- 

lasting (20-30 minutes) but reversible expansion of the 

cutaneous receptive fields, increase in spontaneous firing 

and decrease in the threshold to firing.
In unpublished work following these studies, Yu, Hu 

Sessle, and Vernon identified input characteristics of the 

entire medullary dorsal horn (i.e., from caudalis subnucleus 

to the C2 level in the rat). Our results included the finding 
that noci-responsive neurons were organized in a medial to 

lateral direction as one moved caudally within the nucleus 

At 2 mm caudal to the obex (caudalis), neurons received 

only V input, while at 3 mm (lower caudalis), 8% of neu 
rons recorded from received C2 input. Table 2 displays data 

on the proportions of caudalis/upper cervical neurons from 

4 mm below the obex receiving convergent input from var 
ious levels of tissue sources.

As such, no cervical inputs were found in the midcau- 

dalis and a minor amount of C2 input was found in the 

lower caudalis. C2 and V inputs were found liberally, but 

exclusively at the Cl level, while, at the C2 level, this con 

tinued but also included minor lower cervical and limb in 

puts. Below C2, C2 inputs were still found, V inputs were 
decreasing , while cervical and limb inputs predominated. 

These data verify the C1-C2 spinal cord region as one 

which is somatotopicafly" organized and with extensive C2 

and trigeminal convergence, with a significant proportion 

of these neurons responding to both C2 and V input. We 

also found that no cervical units responded to hypoglossal 

nerve stimulation, while many V units did.
Yu et al. (41) explored the differential effects of cuta 

neous versus deep (tongue muscle) sources of input on neu- 

roplasticity of caudalis neurons. They found that mustard 

oil injection in the tongue induced expansion of both cu 

taneous and deep receptive fields, while cutaneous (facial) 

injection induced expansion of cutaneous RFs only. They 

concluded that "deep inputs are especially effective in in 

ducing neuroplastic changes" (41) (p. 1704). This would 

appear to be due to the finding that deep inputs are effective 

in inducing expansion of both deep and cutaneous RFs,

TABLE 2. Percentage of Neurons Receiving Somatic Input 

from C2 Only, Trigeminal (V) Input Only, Combined C2/V, 

Cervical, Cervical and Limb, and Limb Only Sources

C2 V L 

Level only only C and V Cervical C and L only

Cl
Cl
C2
C2
C2

<4
(5
(6
(8
(9

mm)
mm)
mm)
mm)
mm)

29%
45
41
53
19

57%
41
23
0
0

29%
35
41
12
0

14%
21
18
50
35

0%
0
9

19
41

0%
0
9

19
24

whereas cutaneous inputs result in RF expansion in cuta 

neous RFs only. This may explain the greater sensory dis 

turbances in pain conditions involving deep tissues as com 
pared to those involving only the skin.

In 1993, Hu et al. (42) published a study which has sig 
nificant implications for chiropractors and others interested 

in mechanical spinal pain. Notwithstanding the obvious in 

terest of Sessle's group in craniofacial/TMJ pain, almost 

all of the studies on deep pain mechanisms by other inves 

tigators in the field had involved the tissues of the periph 

eral limbs (22,23). Their work was crucial in elucidating 

many of the neurophysiologic mechanisms described 
above. Remarkably, however, virtually none of this work 

involved the deep tissues of the spine; this is in spite of the 

very high prevalence of mechanical spinal pain syndromes 

(43). Gillette and his colleagues (44,45) had begun to pub 

lish studies on deep pain of lumbar spine origin, but no 

animal studies of deep pain mechanisms related to the cer 

vical spine had been conducted. This includes the upper 

cervical region, the afferents from which, as described 

above, are known to connect with the trigemino-cervical 

nucleus. As such, Hu et al.'s report on the response of neck 

and jaw muscles in rats to mustard oil injection in the deep 
upper cervical paraspinal muscles represented a significant 

and unique step forward in our understanding of spinal pain 

mechanisms. This was of particular relevance to mecha 
nisms of cervicocranial pain.

In this model, EMG recordings were made of two jaw 
muscles (digastric and masseter) and three neck/spinal 

muscles (the trapezius and bilateral rectus capitus posticus 

major, RCPMa). Injections were made percutaneously into 
the left deep paraspinal region around the C1-C2 level, 

typically in the deep, periarticular fibers of the left rectus 
capitus posticus major and multifidus muscles. The inflam 

mation induced by this injection was confirmed subse 

quently, both morphologically and histologically.
After first conducting paired trials of mineral oil (control) 

injection to confirm that serial injections did not volumet- 

rically provoke any EMG increases, a series of 19 prepa 

rations were studied whereby a 20 minute baseline period 

was followed by a control injection of mineral oil. EMG 

recordings were made for a further 10 minutes, followed 

by an injection of either mineral oil or mustard oil, with 

30-40 minutes of further EMG recordings. The sites of 

injection and the magnitudes of EMG recordings for nine 

rats are shown in Figure 5, while the aggregate data for all 

19 rats are shown in time series in Figure 6. Several im 

portant points bear mentioning with regard to these results:

1. All muscles recorded an early increase of EMG ac 

tivity which was statistically significant compared 
to controls (black vs. open circles in Fig. 6).

2. Irritation of a deep paraspinal source evoked very 
large increases of EMG activity in a superficial
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muscle, the trapezius, which never received any in- 
jectate.

3. Activation of the contralateral RCPMa occurred in 
every case, although to a lesser degree than on the 
ipsilateral side. While spread of the injectate to the 
opposite side may have occurred, Figure 5 shows 
that this was the exception.

4. Irritation in a paraspinal site provoked activation of 
ipsilateral jaw muscles, although to a lesser degree. 
The duration of jaw muscle activation was well be 
yond the time frame for the clench reflex typically 
observed in any pain experiment.

5. Activation of the deep spinal muscles followed a 
biphasic course with an early response lasting for 
5-8 minutes followed by a silent period of 15-20 
minutes which was then followed by an increase in 
EMG activity. This biphasic activation is very rem 
iniscent of the response reported to occur in the 
formalin model in awake rats (24).

These findings supported, for the first time, the notion 
that injury to the deep spinal tissues provokes both local 
and contralateral as well as "distal" muscular activation, 
likely as a protective response. These results also imply that 
reflex connections exist between upper cervical afferents 
and both local spinal and trigeminal motoneurons which 
subserve the muscular activity observed. In terms of chi 
ropractic theory, these findings provide evidence of mus 
cular hypertonicity induced by a form of painful spinal dys

function ("subluxation inducing local and distal muscular 
reactions").

In 1995, Yu et al. (46) replicated the EMG study de 
scribed above while injecting mustard oil into the rat TMJ. 
Of interest are the following findings, particularly as com 
pared to the neck/EMG study:

1. Ipsilateral digastric and masseter muscle activity in 
creased significantly over control levels.

2. Only slight, brief increases in contralateral masseter 
muscle EMG activity over control was found. This 
is in contrast to the larger, more prolonged re 
sponses in the contralateral RCPMa found in the 
neck/EMG model.

3. Only one phase of activation was noted in any of 
the muscles, lasting up to 10 minutes postinjection. 
This is in contrast to the biphasic pattern observed 
in the RCPMa muscles in the neck model.

4. No increase in trapezius or deep neck muscle EMG 
was found. This is in contrast to the finding of in 
creased (albeit of a smaller magnitude) activity in 
the jaw muscles evoked by irritation of the deep 
neck muscles.

Therefore, a comparison of the neck versus TMJ EMG 
studies reveals differences in the pattern of evoked muscle 
activity depending on the site of experimental inflammatory 
algesia. Responses in rats to TMJ injection appear to be 
more focal and confined to the jaw muscles on the lesioned
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side. No neck muscle activity is evoked. Irritation of the 
spinal (axial) tissues appears to evoke a more diffuse pattern 
involving contralateral segmental muscles, superficial re 
gional muscles, and, to at least some degree, activation of 
"distal" jaw muscles. One explanation for these differences 
may involve a more diffuse divergence pattern of spinal 
nociceptive afferents and their either direct or indirect 
(through intemeurons) connection to the cervical and tri- 
geminal motor nuclei.

In 1995, Hu et al. (47) reported on a similar EMG study 
using mustard oil applied to posterior meningeal/dural vas 
cular tissues. These tissues are exposed during preparation 
of the experiment because of the required removal of the 
posterior/vertex region of the skull. Mustard oil/mineral oil 
applications were made directly onto the dura and the sag 
ittal sinus. Again, after a 20-minute baseline where no 
EMG activation occurred, mustard oil, but not mineral oil 
induced EMG activity increases in the left masseter muscle 
(small increases), left deep neck muscles (large increases, 
lasting for up to 40 minutes), the right deep neck muscles 
(moderate increases, lasting up to 35 minutes), and the left 
trapezius (large increases lasting up to 30 minutes). These 
results confirm that posterior cranial structures, which are 
innervated by the C1-C2 anterior primary rami, make sim 
ilar synaptic convergence into the trigemino-cervical nu 
cleus and provoke similar muscular responses as do the 
posterior deep muscles innervated by the posterior primary 
rami of C1-C2. These results support the notion of both 
referred pain and "referred" reflex muscle spasm arising 
from painful disorders of the meninges and dural vessels 
of the posterior cranium such as meningitis and, more im 
portantly for chiropractors, migraine headache. The "sub- 
luxation"-type findings in the upper cervical spine which 
may be observed by clinicians on careful manual assess 
ment of their patients (48) may, therefore, be'a manifesta 
tion of viscero-somatic reflex disturbances, making diag 
nosis and treatment of these disorders all the more 
challenging. To our knowledge, this study represents the 
first report of spinal somatic dysfunction (as spinal mus 
cular hypertonicity) induced by a "visceral" irritative 
source (Le., the classical viscero-somatic reflex disorder).

In related studies, Angus-Leppan et al. (49) and Goadsby 
et al. (50) have demonstrated that stimulation of the supe 
rior sagittal sinus and the occipital nerve (posterior ramus 
of C2) activate similar second-order neurons in the dorso- 
lateral area of the upper cervical cord and the subnucleus 
caudalis.

The recent work in Sessle's laboratory has concentrated 
on two areas: 1) the neurochemical mechanisms involved 
in deep pain from the TMJ and deep neck tissues, and 2) 
single unit recording studies of upper cervical neurons in 
response to deep neck (as opposed to TMJ) experimental 
inflammatory pain.

In 1996, Hu et al. (51) replicated the 1993 neck/EMG 
study with a view toward elucidating aspects of neurochem 
ical involvement. Recall that the response pattern of the 
deep neck muscles (bilaterally) was often biphasic, begin 
ning with an initial elevation lasting about 10 minutes fol 
lowed by a return to baseline and, after about 20 minutes, 
a return of elevated EMG activity. This second activation 
phase was proposed to be due to a combination of central 
sensitization of dorsal horn neurons and sustained tissue 
inflammation producing summation of enhanced C-fiber fir 
ing. We hypothesized that the middle phase might be pro 
duced as a result of active suppressive or inhibitory mech 
anisms evoked in response to the initial nociception. We 
further hypothesized that this suppressive phase may be 
subserved by an opioid mechanism.

In 1994, Yu et al. (52) had demonstrated that injection 
of naloxone, an opioid antagonist, could produce a "rekind 
ling" effect on the EMG output of TMJ inflammation- 
induced muscular activation. In order to confirm this hy 
pothesis, we "manipulated" the paraspinal-inflammation 
model by injecting an opioid receptor antagonist, naloxone, 
once the second phase of EMG silence had begun.

A dose-dependent naloxone-induced "rekindling" effect 
on the EMG recordings was demonstrated. At the highest 
dose, injection of naloxone resulted in an average EMG 
increase of 83% of the original mustard oil-induced EMG 
activity. It appears that the normal physiologic response to 
injury involves mechanisms designed to suppress the initial 
protective muscular responses (perhaps as pan of an overall 
anti-nociceptive response). However, in the presence of suf 
ficient and persistent tissue irritation, this inhibitory process 
is overcome and the nociceptor-driven EMG activity is re 
activated.

Yu et al. (53) explored the neurochemical mechanisms 
involved in mustard oil-induced central sensitization. Using 
the TMJ/EMG model combined with injection of several 
blocking agents including lidocaine, a peripheral anaes 
thetic, naloxone, and MK801, an NMDA-receptor blocker, 
they found that lidocaine significantly attenuated the EMC 
activation of the masseter and digastric muscles but not the 
plasma extravasation in the TMJ region. This confirms that 
the MO-induced EMG increase is reflex-based. Naloxone 
induced rekindling of the MO-induced EMG activity once 
suppression had occurred. Various dosages of MK801 (lo 
cations: intracerebroventricular, intravenous, and directly 
into the TMJ; dosages: ranging from 0.01 to 0.5 mg/kg) 
reduced EMG activity. Particularly, the application of 
MK801 peripherally into the TMJ region (at 0.1 but not at 
0.01 mg/kg) reduced muscular responses. These results 
support the conclusion that glutamate mechanisms are in 
volved in the induced muscular responses for both central 
and peripheral mechanisms, a finding not previously re 
ported.
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Finally, Hu, Sun, Zhang, and Vernon (unpublished data) 
have created a model whereby single dorsal horn unit re 
cordings can be made of responses to deep neck mustard 
oil injection. This model required considerable innovation 
in the surgical procedures used for the TMJ study. This is 
because the standard method of implantation of the record 
ing electrodes requires the use of a sterotaxic apparatus to 
stabilize the preparation while the recording electrode is 
implanted. Furthermore, the usual procedure is to perform 
a laminectomy of atlas and axis posterior structures in order 
to expose the spinal cord for implantation of the recording 
electrode from above. Performing these procedures pro 
duces three highly undesirable effects when the objective is 
to study DHN responses to inflammatory irritation of the 
deep neck muscles:

1. Obviously, the posterior neck tissues are either re 
moved or damaged, rendering them useless for MO 
injection.

2. A significant amount of bleeding occurs which 
would further prevent posterior tissue injection.

3. The surgical procedure itself may induce consider 
able nociception (despite the adequate central an 
esthesia) and may produce a degree of central mod 
ulation such as DNIC, that might have (and 
probably has) affected the dorsal horn neuronal re 
sponses.

A new surgical technique was devised, known as the 
"minimal trauma technique." Under fluoroscopic guidance, 
the recording electrode is threaded down the medulla 
through a small hole in the superior skull. The termination 
of this electrode implantation is confirmed both radiograph- 
ically and, subsequently, histologically. Figures 7 and 8 
show one preparation with the recording electrode im 
planted near a WDR neuron in the upper cervical cord. The 
rat figurines demonstrate the baseline touch and pinch RFs 
which, after percutaneous injection of mustard oil into the 
C1-C2 paraspinal region, are seen to expand to include, by 
20 minutes, the entire facial region. While this work is still 
in progress, it represents the first report of the somatosen- 
sory consequences of cervical spinal joint/muscle injury. 
Gillette and his colleagues have reported similar results in 
the lumbar region of the rat (45,46). These expanded RFs 
represent a state of central sensitization whereby the excit 
ability of DHNs is increased, silent afferent connections are 
activated, and spontaneous firing is induced.

The expanded receptive fields themselves are probably at 
least demonstrative of, if not the basis of, referred pain 
which, in the case of these studies, arises in the upper cer 
vical paraspinal region and initially includes the posterior 
cranium, but then, subsequent to the MO injection, expands 
forward to include the facial region. The extent and pattern

Caudalis

Electrode Track

Lesion Mark

CjDH

C,DH

FIGURE 7. Camera Lucida drawings illustrating electrode pen 
etration track through trigeminal caudalis and C, dorsal horn 
and recording position (lesion mark) of the unit.

of this expansion are very reminiscent of the zones of re 
ferred pain elicited from upper cervical tissues by Feinstein 
(54) and Travell and Simons (55) and demonstrated to be 
abolished by studies from the laboratory of Bogduk and his 
colleagues (56,57).

The expansion of receptive fields of nociceptive neurons 
to include extensive skin areas is also a likely mechanism 
for the hyperesthesia and allodynia that may be seen after 
injury to the deep tissues.

CONCLUSION

Nociceptive afferents from tissues innervated by the up 
per two or three cervical segments and the first division of 
the trigeminal nerve converge on the same second-order 
neurons residing in the "trigemino-cervical nucleus." That 
this occurs should not surprise anyone, as rostro-caudal 
connectivity exists at all levels of the cord, and the first
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10 Min Before MO 5 Min Before MO

2 Min After MO 10 Min After MO

20 Min 30 Min

40 Min

Brush RF 
Pinch RF

FIGURE 8. Time course of mechanoreceptive field (RF) change in a C, nociceptive neuron after injection of mustard oil into ( 
paraspinal tissue.

trigeminal division is, in reality, the next rostral neuromere 
to the upper cord. Our work has confirmed that complex 
patterns of sensorimotor processing underly the phenomena 
associated with craniofacial pain, and that various named 
"syndromes," such as upper cervical dysfunction, "greater 
occipital neuralgia," cervicogenic headache, neck-tongue 
syndrome, and ternporomandibular joint pain, may all share 
at least some aspects of this common mechanism.

Notwithstanding this overall commonality, there appear 
to be some important differences between the spinal and 
extraspinal components of this "system," in that, pain aris 
ing from spinal sources appears, from our data, to evoke 
more widespread manifestations such as the expansion of 
receptive fields and more extensive muscular activity. The 
clinical manifestations of these mechanisms are likely to 
include referred pain and muscular hypertonicity which are 
so common in the myofascial pain syndromes of this re 
gion. The astute clinician is, then, presented with much 
greater diagnostic complexity, but is also given expanded

opportunities for therapeutic intervention in the challengii 
area of craniofacial pain syndromes.
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Assessment of Self-Rated Disability,
Impairment, and Sincerity of Effort
in Whiplash-Associated Disorder

Howard Vernon

ABSTRACT. Objectives: To review the reliability and comparability 
of different pain and disability self-report questionnaires as they relate 
to patients with whiplash-associated disorders [WAD] and to conduct 
analytic cohort studies of two samples of subjects with respect to im 
pairment and sincerity of effort.

Methods: The Neck Disability Index, Neck Pain Questionnaire, and 
the Copenhagen Neck Functional Disability Index were reviewed for 
comparability of pain, impairment, and disability items. Two small 
clinical samples were assessed with disability and strength tests.

Results: The three instruments for self-rated disability in WAD have 
numerous similarities in content and format, and have equally good 
basic psychometric efficacy. The Neck Disability Index has been used 
in a larger number of reports, and more is known about its psychometric 
properties, particularly as they apply to the assessments made in re 
search studies.

The two small studies demonstrate that sincerity of effort is an im 
portant variable to consider in interpreting both the subjective reports of 
pain and self-rated disability as well as the objectively obtained mea 
surements of movements and strength in WAD patients.

Conclusions: High quality instruments now exist for the assessment 
of self-rated disability and, in two cases, self-rated pain in WAD pa 
tients. These instruments are suitable for both clinical and research 
settings in the clinical management of WAD. The Neck Disability Index
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has been studied more extensively than the other two and is probably 
the instrument of choice for research settings. The original investiga 
tions in this report suggest that the link between subjective reports and 
objective test performances by WAD patients should be calibrated by an 
assessment of the patient's sincerity of effort. /Article copies available for a 
fee from The Haworth Document Delivery Service: 1-800-342-9678. E-mail 
address: getirfo@haworthpressinc.cotn <Website: http://www.haworthpressinc. 
com>]

KEYWORDS. Whiplash, pain, assessment, sincerity, impairment

INTRODUCTION

The term "whiplash-associated disorder" [WAD], coined by the 
Quebec Task Force Report (1), was designed to denote that injuries to 
the cervical spine in automobile collisions can create a complex array 
of symptoms, impairments, and disabilities. Understanding this com 
plex has become a challenge to clinicians and researchers alike.

The grading system adopted by the Task Force was designed to 
assist in the sorting of the major categories of injury status, and their 
likely sequelae. Musculoskeletal soft tissue injuries [Grades 1 and 2] 
were distinguished from those which also involve peripheral neural 
disorders [Grade 3] and serious bony or joint lesions such as fractures 
and dislocations [Grade 4]. Extrapolating from statistics from the On 
tario Ministry of Transport database (2), it is likely that over 65% of 
post-motor vehicle accident [MVA] injuries are in the first grade, 
while no more than 15% are in the third and fourth grades, leaving 
about 20% of MVA claims in the second grade of severity.

However, once this level of categorization has been applied, clini 
cians of all health care groups are challenged to conduct accurate 
clinical diagnoses as to the specific tissues injured and the specific 
impairments incurred by each of their patients. As well, they and their 
clinical research counterparts are challenged to conduct accurate eval 
uations of the health status of their injured patients. Furthermore, they 
are challenged to accurately assess changes in health status, particular 
ly improvements, as these changes are often evaluated by way of 
guideline-derived recovery patterns. Deviations in the expected pat 
tern of health recovery following WAD may lead to inappropriate care 
and prolonged disability.
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plex has becom

e a challenge to clinicians and researchers alike.
The grading system

 adopted by the Task Force w
as designed to 

assist in the sorting of the m
ajor categories of injury status, and their 

likely sequelae. M
usculoskeletal soft tissue injuries [G

rades 1 and 2] 
w

ere distinguished from
 those w

hich also involve peripheral neural 
disorders [G

rade 3] and serious bony or joint lesions such as fractures 
and dislocations [Grade 4]. Extrapolating from

 statistics from
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tario M
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w
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 are in the third and fourth grades, leaving 
about 20%

 of M
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s in the second grade of severity.
H

ow
ever, once this level of categorization has been applied, clini 

cians of all health care groups are challenged to conduct accurate 
clinical diagnoses as to the specific tissues injured and the specific 
im

pairm
ents incurred by each of their patients. A

s w
ell, they and their 

clinical research counterparts are challenged to conduct accurate eval 
uations of the health status of their injured patients. Furtherm

ore, they 
are challenged to accurately assess changes in health status, particular 
ly im

provem
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tern of health recovery follow

ing W
A

D
 m
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O
ne w

ay of considering the com
plexity of W

A
D

 is to apply m
ulti 

dim
ensional pain theories to the problem

. A
ccording to M

elzack and 
Torgerson's (3) theoretical m

odel, pain can be considered to have 
several dim

ensions: sensory, affective, and cognitive. W
hen applied to 

W
AD, it can be seen that the sensory dim

ension includes local and/or 
radiating neck-arm

 pains, upper back pains, headache, and paraesthe- 
sia or oth|r sensory abnorm

alities. Com
m

on m
anifestations of the 

affective dim
ension include distress and anxiety, particularly in the 

early post 'accident period, activity-avoidance behaviors based upon 
fear of pain and, later, in the m

ore chronic phase, depression. A
spects 

of cognitive dysfunction include changes in m
em

ory and concentra 
tion function as w

ell as sleep disturbances.
A

ccording to W
addell (4), a biopsychosocial perspective is neces 

sary for a full understanding of patients w
ith m

usculoskeletal injury. A
 

som
atic pain com

plaint is at the core of this m
odel, but just as im

por 
tant are thi m

eans by w
hich the injured patient copes w

ith his/her 
condition, Its w

ell as the degree of abnorm
al influence on their im

por 
tant daily tbhaviors and activities and on their fam

ily and w
ork roles. 

This m
odel also conform

s to the W
orld H

ealth m
odel w

hich links 
disorders to im

pairm
ents w

hich lead to disability, and possibly to 
handicap. These m

odels provide a fram
ew

ork w
ithin w

hich a com
pre 

hensive clinical evaluative m
odel can be constructed.

This paper w
ill review

 a set of instrum
ents w

hich can be em
ployed 

by clinician and researcher alike in the evaluation of self-rated disabil 
ity in W

AD. Then, a set of studies in w
hich m

easures of self-rated 
disability have been correlated to m

easures of im
pairm

ent and sinceri 
ty of effort'w

ill be review
ed. In order to com

plete this section of the 
paper, a review

 of studies of strength testing in the cervical spine w
ill 

be provided.M
EASU

RES O
F SELF-RATED

 D
ISABILITY

A
 num

ber of instrum
ents are available w

hich m
easure the patient's 

ability to perform
 im

portant activities of daily living [A
D

L] and/or 
functional capacity m

easures. There is debate, how
ever, as to the 

theoretical <|onstruct underlying these instrum
ents, as there should be a 

distinction betw
een true versus self-rated functional capacities. W

hen 
view

ed from
 the latter perspective, scores on "functional" instru 

m
ents m

ay depict the patient's self-perception of functional capability,
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influenced by that person's psycho-social context. A
s w

ell, due regard 
m

ust be given to the variability w
hich exists in any clinical instrum

ent. 
Aside from

 the traditional m
easures of test-retest reliability and inter 

nal consistency, attention should be paid to the individual test error 
m

argins. These have been determ
ined for a num

ber of im
portant dis 

ability scales (5,6).
Neck Disability Index

The first instrum
ent designed for assessing self-rated disability due 

to neck pain w
as the N

eck D
isability Index [NDI] (7). D

esigned as a 
m

odification of the Oswestry Low Back Pain Disability Index [OLBPDI] 
(8), the NDI is a ten-item

 questionnaire w
ith w

ell-established psycho 
m

etric properties such as high test-retest reliability, good internal con 
sistency, and good sensitivity to change. M

ains et al. (9) established a 
single factor structure to the NDI as well as reporting that no response 
bias could be found am

ongst the item
s.

Riddle and Stratford (10) have recently added to the psychom
etric 

profile of the NDI by determ
ining three im

portant values for its use in 
clinical and research settings. These are: variation around a m

easured 
value, m

inim
al detectable change, and m

inim
al clinically im

portant 
difference [M

CID]. The form
er of these values addresses the error 

m
argin inherent in any single use of the NDI, typically in a practice 

setting. This value was found to be 5 NDI points, at a 90%
 confidence 

interval. For exam
ple, given a 20/50 score [NDI is a 50 point scale] 

with a 5 point error at 90%
 confidence interval, then a clinician can be 

90%
 sure that the true score lies betw

een 15 and 25 (11).
M

inim
al detectable change and the M

CID values have been esti 
m

ated at 5 NDI points each (10). This m
eans that the sam

pling error of 
the instrum

ent lim
its the range of m

inim
al detectable change in a 

patient's status to 5 NDI points. A
s a result of its use in a cohort of 

neck pain patients, it w
as determ

ined that the m
inim

al clinically im
 

portant difference is also 5 NDI points. However, several studies have 
reported m

ean change scores well beyond that level (12, Bronfort-per- 
sonal com

m
unication).

In a study of 44 chronic W
AD claim

ants (13), additional psycho 
m

etric features of the NDI w
ere reported. First, this sam

ple's re 
sponses w

ere in alm
ost identical rank order as the initial sam

ple (7). 
The item

s "headache," "lifting," "recreation," and "reading" w
ere 

still am
ong the five m

ost highly rated item
s, confirm

ing their im
por-
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tance in chronic W
AD. Second, NDI scores w

ere not well-Correlated 
with age and gender, as in the original w

ork, but in this new
 sam

ple, 
duration of com

plaint was also not w
ell-correlated [R = 0.17, not 

significant],:It was hypothesized that a w
hiplash-injured patient, w

ho 
goes on to experience chroiiic difficulties, m

ay reach a plateau of pain, 
im

pairm
ent, and self-rated disability; the com

plex m
ay rem

ain chroni 
cally static (13).

Two N
D

| subsets, "sym
ptom

s" [four item
s] and "activities" [six 

item
s], were! com

pared to one another, w
ith a m

oderate, but significant 
level of correlation [R = 0.55, P = 0.05]. The lack of strong correlation 
m

ay m
ean tnat these two subsets m

ay offer unique inform
ation on the 

W
A

D
-sufferer's perception of the effect of their condition on their 

ADL's. Neck disability index scores in this sam
ple were correlated 

w
ith scores on a new

er "generic" instrum
ent for self-rating of disabil 

ity, the D
isability Rating Index [DRI] (14). The two questionnaires 

correlated v<bry well [R = 0.89, P = 0.001]. This finding further con 
firm

s the construct validity of the NDI as a m
easure of physical dis 

ability.

N
eck Pain Q

uestionnaire

The N
eck Pain Q

uestionnaire [NPQ] w
as developed in 1994 (15), 

again as an outgrow
th of the OLBPDQ. No report of the m

ethodology 
for adapting the O

LBPD
Q

 w
as given. The NPQ contains nine item

s 
scored 0 to 4, total = 36. The item

s consist of the following: pain 
intensity, sleeping, num

bness, duration, carrying, reading/television, 
work, social life, and driving. These item

s represent a m
ix of sym

p 
tom

s as well {is activities thought to be im
portant to neck pain patients. 

O
f these activity item

s, all but one, carrying vs. lifting, had already 
been incorporated in the NDI. Both instrum

ents retained the "pain 
intensity" item

 of the original O
LBPD

Q
.

Forty-four subjects com
pleted an NPQ at their original consultation 

while 31 com
pleted a second N

PQ
 three to five days later. Thirty-five 

of these subjects also com
pleted the NPQ four and 12 w

eeks later. No 
form

al treatm
ent w

as offered in the study, but m
any subjects did 

receive some! form
 of treatm

ent. Short-term
 reliability w

as high [Pear- 
son's coefficient R = 0.84, K

appa = 0.62]. Inter-item
 agreem

ents 
ranged from

 K = 0.53 to 0.76. Internal consistency w
as not form

ally 
tested, but wds graphically depicted as adequate (15).

Initial NPQ scores did not correlate w
ell w

ith age, gender, duration
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or previous history of neck pain. W
hile N

PQ
 scores did not change 

significantly over the three m
onth study interval, they did correlate 

w
ell w

ith a separate question rating the subject's perception of im
 

provem
ent. This w

as cited as an indicator of "sensitivity to change." 
Subsets of subjects w

ho either received physiotherapy or perform
ed 

hom
e exercises had w

hat w
as described as "significant im

provem
ent" 

in their N
PQ

 scores.
G

iven the sim
ilarities betw

een the N
D

I and the N
PQ

, this author 
'Considers Leak et al.'s report (15) to be essentially a replication study 
of the N

D
I. That the sam

e set of psychom
etric properties w

as reported, 
nam

ely, high levels of test-retest reliability, internal consistency and 
sensitivity to change, as w

ell as poor correlation w
ith age, gender, and 

duration of com
plaint, is therefore not surprising and confirm

s the 
findings of the original N

D
I study (7). To this author's know

ledge, no 
additional studies on the N

PQ
 have been reported since 1994.

Copenhagen N
eck Functional D

isability Scale
The Copenhagen N

eck Functional D
isability Scale [CN

FD
S] by 

Jordan et al. (16) w
as an attem

pt to im
prove the existing question 

naires [N
D

I, N
PQ

]. The authors asserted that, since both previous 
instrum

ents incorporated som
e item

s related to subjective sym
ptom

s 
[pain, num

bness, and duration in the N
PQ

; pain, headache, and con 
centration in the N

D
I] these questionnaires lacked precision for m

ea 
suring solely the disability due to neck pain itself. This assertion w

as 
based on the theory that pain, disability and im

pairm
ent are separate 

but inter-related constructs.
The CN

FD
S contains 15 item

s w
ith a three-point scale [yes = 0, 

occasionally = 1, no = 2] w
ith a m

axim
um

 of 30 points. M
any of the 

item
 constructs are sim

ilar to those in the N
D

I [sleep, personal care, 
lifting, reading, headaches, concentration, and recreation], w

hile three 
additional item

s focus on psycho-social issues.
They reported very high test-retest reliability [R = 0.99], excellent 

internal consistency [Cronbach's alpha = 0.89] and no significant 
correlation betw

een initial scores and age or gender. Initial CNFDS 
scores w

ere highly correlated w
ith patients' global assessm

ent of their 
condition [R = 0.83] and m

oderately correlated w
ith doctors' global 

assessm
ents [R = 0.56]. Initial scores also highly correlated w

ith a 
separate 11-point pain ratings for neck and arm

 pain, w
hich som

ew
hat 

deflates the authors' original prem
ise of a clinically im

portant distinc-
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tion betw
een self-ratings of pain and disability (16). Further studies 

found good sensitivity to change in a larger sam
ple of subjects en 

rolled in a clinical trial for neck pain (17). A
t 6, 24 and 52 w

eeks of 
this trial, changes in pain scores correlated w

ith changes in CN
FD

S 
scores at R = 0.49, 0.48 and 0.54, respectively. [For a com

parison of 
the instrum

ent subsets, see Table 1].

Active Ranges of M
otion

Prognosis 
studies have 

reported that 
active 

range 
of m

otion 
[AROM

] is reduced in chronic w
hiplash-injured patients (18,19). Os-

TABLE 1. Item
 C

om
parison of N

eck D
isability S

cales

IN
STR

U
M

EN
T 

[Publication date]
ITEM

S
123456789101112131415

N
D

I 

[1991]

pain2
personal care2
lifting2
reading2
headache2
concentration2
w

ork3
driving2
sleeping3
recreation2

N
PQ

 
[1994]

pain2
sleeping3
num

bness1
duration1
carrying1
reading/TV

3
w

ork3
social2
driving2

C
N

FD
S 

[1998]

sleeping3
daily activities1
daily activities3
dressing2
w

ashing2
at hom

e1
lifting2
reading3
headaches2
concentration2
recreation2
resting1
fam

ily1
social2
future1

3 Item
 found in all three Instrum

ents
2 Item

 found in twc instrum
ents

11tem found In on!'i one instrum
ent

NDI = Neck O
isebi ity Index

NPQ
 = Neck Pain Q

uestionnaire
CNFDS = Copenhagen Neck Functional Disability Scale
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terbauer et al. (20) recently reported that 10 W
AD cases had a com

 
bined AROM

 of 234°, less than a norm
al 360°. A

fter six w
eeks of 

conservative treatm
ent, total ARO

M
 increased to 297°. H

agstrom
 and 

Carlsson (21) com
pared 30 W

AD cases with 30 norm
al subjects and 

found reduced ARO
M

 in all ranges tested.
Vernon (13) m

easured ARO
M

 in a sam
ple of 44 chronic W

AD 
patients and found m

oderately high correlation [P = 0.001 to 0.0001] 
betw

een all ranges and the subjects' NDI scores. This was the first 
dem

onstrated link betw
een physical neck m

easures and self-reported 
disability in W

AD patients. Interestingly, AROM
 scores w

ere not cor 
related w

ith age and duration of com
plaint, again, leading to the notion 

that chronic W
AD sufferers reach a stable plateau of self-rated disabil 

ity and im
paired ranges of neck m

otion. In contrast, com
parisons of 

CNFDS scores w
ith active neck extension and found no significant 

correlation (16).

Strength Testing in the Cervical Spine

A
 study of isom

etric strength values of norm
al and W

AD patients 
used a stationary m

odified sphygm
om

anom
eter dynam

om
eter [M

SD], 
and found a high level of consistency betw

een paired trials by both 
groups [m

ean inter-trial difference = 7%
] (22). Variance of bilateral 

range of rotation and lateral bending w
as typically no m

ore than 10%
. 

The flexion/extension [F/E] strength values was confirm
ed in norm

al 
subjects w

as 0.60. In W
AD patients, this ratio decreased to 0.24, 

suggesting that flexor m
uscle strength loss is greatest in these cases. 

The m
ale/fem

ale F/E ratios showed slight differences [m
ales = 0.80; 

fem
ales = 0.74] (23).

STREN
G

TH
 STU

D
IES, AN

D
 SIN

CERITY O
F EFFO

RT 

Study 1

M
ethods: Ten norm

al, healthy m
ale subjects were asked to perform

 
a m

axim
um

 effort [M
AX] and also to "sim

ulate m
alingering" [insin 

cere effort, INSIN] on the stationary M
SD. They w

ere given no coach 
ing as to how

 this should be accom
plished. Paired trials M

A
X

 and 
IN

SIN
 w

ere com
pared.
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Results: Table 2 shows the percent differences betw
een the paired 

trials. The average inter-trial difference in the IN
SIN

 m
ode was, 155%

. 
All differences betw

een m
odes w

ith the exception of extension were 
statistically significant. The m

ean percentage differences betw
een 

M
AX-INSIN values w

as 36%
, w

ith all differences being statistically 
significant [Chi-square P < 0,05]. The F/E ratio in the IN

SIN
 group 

w
as 0.77, norm

al subjects in the prior study w
ith the stationary M

SD 
[F/E = 0.60].

Conclusions: This study attem
pted to provide a m

odel for insincere 
effort in cervical m

uscle strength testing. Factors identified in the 
m

odeled behavior included:

1. a consistent reduction in the level of effort,
2. consistent inconsistency betw

een paired trials of three of four 
ranges in the insincere m

ode,
3. a significant increase in the flexion/extension ratio, indicating 

that m
odeled "m

alingerers" are not aw
are that greater reduction 

in flexion strength is the expected norm
 of effort.

Study 2

M
ethods: In this prelim

inary study, 17 W
AD cases w

ith persistent 
com

plaints were recruited. The sam
ple included 12 fem

ales and five 
m

ales with a m
ean age of 33.5 years [SD 9.8] and a m

ean duration of 
com

plaint of 11.3 m
onths [SD 11.2]. Two-thirds had been involved in

TABLE 2. Shows R
esults of Study 1 Isom

etric Strength Efforts of the C
ervical 

Spine. M
AX = M

axim
um

 Voluntary Effort. INSIN = Insincere or Sub-M
axim

um
 

Effort. The D
ifferences Between M

AX vs. INSIN W
ere Significant [P = 0.05]

Range of M
otion

Flexion
Extension
Right lateral flexion
Right rotation
M

ean values

D
ifferences %

M
ean difference 2 trials

Paired M
AX

107467

P
aired IN

SIN
3909

12495
155

D
ifference of m

eans
M

AX vs. INSIN
4240323136
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rear-end collisions, 24%
 w

ere in front-end, and 11%
 in side collisions. 

A
ll but one of the subjects com

plained of pain in the neck and low
er 

back regions.
Isom

etric cervical flexion and extension values w
ere obtained, w

ith 
one trial using the m

anual M
SD

 described above. The F/E ratio w
as 

com
pared to previous norm

s noted above (22,23). N
ext, a set of seven 

"non-organic signs" [N
O

S] m
odified from

 W
addell et al. (24) w

ere 
used [Table 3], Based upon the results of the m

easurem
ents, the sub 

jects w
ere grouped into those w

ith four or m
ore N

O
S [high N

O
S] and 

those w
ith three or less N

O
S [low

 N
O

S]. The differences betw
een the 

N
O

S groups com
paring N

D
I and F/E ratios are show

n in Table 4. The

TABLE 3. "N
on-organic signs" [N

O
S] U

sed in This Study [M
odified from

 W
ad- 

dell et al. (25). [* = Standard Item
 in "W

addell's non-organic signs"]

1. 
C

ervical active range of m
otion [RO

M
] less than RO

M
's observed 

inform
ally [in at least 2 ranges].

2. 
C

ervical active RO
M

 greater than passive RO
M

's [in at least 2 ranges].

3. * Sitting Straight Leg R
aise [SLR] greater than supine SLR by at least 30° 

in at least one leg.

4. Supine SLR
 does not increase by at least 20° w

ith opposite knee bent.

5. 
Plantar-flexion of foot in the SLR provokes back pain [either leg].

6. * W
addell R

otation Test positive.

7. * Excessive sym
ptom

 am
plification during exam

ination.

TABLE 4. Show
s R

esults of Study 2, W
here Tw

o G
roups W

ere Identified by 
H

igh or Low
 N

on-O
rganic Signs [N

O
S], W

hich C
orrelated to the M

ean N
eck 

D
isability Index [NDI] and F/E R

atios for Each G
roup

Variable
C

om
plaint duration [m

onths]

M
ean NDI score/50

Flexion/Extension ratio [F/E]

Low
-N

O
S G

roup
10.4 [9.6]

17.6 [9.1]

0.81 [0.21]

H
lgh-N

O
S G

roup
13 [14.8]

36 [3.7]

1 .07 [0.29]
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m
ean NDI score of the w

hole sam
ple w

as 24.6 [SD
 11.8, range 1 to 

39/50].
Results: The high N

O
S F/E values [1.07] obtained w

ith the m
anual 

M
SD, w

ere e|evated in approxim
ately the sam

e proportion as seen 
w

ith the stationary M
SD

, w
hen com

paring norm
al [0.60] to "m

odeled 
insincere" [0.77].

D
iscussion: Chronic w

hiplash subjects w
ho dem

onstrated a high 
level of non-organic pain am

plification behavior had self-rated dis 
ability scores w

hich w
ere m

ore than tw
ice that of the low

 N
O

S group. 
In other words!, the m

uscle strength testing perform
ance of the "m

od 
eled insincere" w

as m
atched By the subjects dem

onstrating high N
O

S 
behavior. These prelim

inary data point to a possible correlation be 
tw

een high self-rated disability, high pain am
plification, and insinceri 

ty of effort on neck strength testing in a subset of chronic W
A

D
 

patients w
hose clinical m

anagem
ent m

ay be m
ore challenging.

C
O

N
C

LU
SIO

N

This paper has review
ed a sm

all set of instrum
ents for self-rating of 

perceived disability suitable for use in evaluating W
A

D
. It is not yet 

clear that the condition-specific instrum
ents for self-rating of disabili 

ty are m
ore valid than generic instrum

ents such as the D
RI, but they all 

have the sam
e conceptual appeal or face validity. The N

D
I has been 

dem
onstrated to have a single factor structure, nam

ely "physical dis 
ability," and this property m

ay recom
m

end it over the others for now.
The N

D
I has been show

n to correlate m
oderately but significantly 

w
ith active range of m

otion m
easurem

ents, w
hich m

ay indicate that 
self-rated disability scores are reasonably accurate reflections of actual 
physical im

pairm
ent, at least w

ith regard to m
ovem

ent capacities. On 
the other hana, evaluating sincerity of effort is critical in calibrating 
the test perform

ance and clinical presentation of W
AD patients. The 

new
 evidence presented here in Studies 1 and 2 suggests that sincerity 

and consistency of test effort and clinical presentation m
ay be im

por 
tant in interpreting self-rated disability scores, w

ith special attention 
needed for subjects dem

onstrating high levels of non-organic pain 
am

plification.
A

s noted by the Q
uebec Task Force, the use of valid and reliable 

instrum
ents for evaluating self-rated disability, particularly the consis 

tent use of at least one of them
 in the clinical or research setting,
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should result in im
proved evaluation of W

AD. Furtherm
ore, new

 in 
form

ation on the im
portance of m

any of the individual item
 character 

istics in these instrum
ents w

ill help in clarifying the typical patterns of 
W

AD expression and developm
ent. For instance, does a high score on 

any of the item
s in the N

D
I, N

PQ
 or CN

FCD
 [headache, concentra 

tion, etc.] correlate w
ith poorer prognosis? Can clusters of high-scor 

ing item
s be identified and correlated w

ith other m
easures of physical 

or cognitive functioning? D
o certain item

s appear to respond better to 
certain kinds of treatm

ent approaches? These and m
any other ques 

tions are the challenges for future investigations into the W
A

D
 phe 

nom
enon.
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Spinal Manipulation in the Management of 
Tension-type Migraine and Cervicogenic 
Headaches: The State of the Evidence

Purpose: A cervicogenic origin for various types of headache has been postulated and debated for decades. 
By 1988, the International Headache Society published its Classification and Diagnostic Criteria for 
Headache Disorders, Cranial Neuralgias and Facial Pain, including a category for "cervicogenic headache." 
Studies that have explored the effectiveness of spinal manipulation for various headache complaints are 
reviewed. Method: Systematic literature review. Summary: A strong case can be made for the pathophysi- 
ology of headaches of cervical origin. Such a cervical component may be present in tension-type and migraine 
headaches as well as the currently accepted category of "cervicogenic headache." Key words: cervical 
vertebrae, chiropractic, headache, headache disorders, orthopedic manipulation

Howard Vernon, DC
Professor and Director 
Center for the Study of the Cervical Spine 
Canadian Memorial Chiropractic College 
Toronto, Ontario, Canada

IN THE DECADE of the 1990s, a number of important 
advances took place in the understanding of the role of the 

cervical spine in headaches. In 1988, the International Head 
ache Society (IHS) published its Classification and Diagnos 
tic Criteria/or Headache Disorders, Cranial Neuralgias and 
Facial Pain. 1 For the first time, a category known as 
"cervicogenic headache" (CH) was included. The IHS de 
scription of CH was an expanded version of the definition that 
had originated with the work of Sjaastad and his colleagues in 
the earlier part of the 1980s.2-3 By that point in time, both the 
IHS and Sjaastad and his colleagues were acknowledging the 
work of authors extending back as far as the 1940s in devel 
oping the role of the cervical spine in headaches (see reviews 
in references 6-10).

In 1991, Jensen et al" undertook a study of the role of the 
cervical spine in posttraumatic headache. In addition to re 
porting the beneficial effect of spinal manipulation compared 
with ice treatment in the short-term management of this type 
of headache, they reported on the high prevalence of cervical 
spine dysfunction or joint hypomobility in their sample.

The phenomenon of cervical joint and myofascial dysfunc 
tion in headache was further advanced by the work of Vernon 
and colleagues12 who, in 1992, reported on a high prevalence 
of cervical joint and myofascial dysfunction findings in sub 
jects with tension-type and migraine headache. Additionally,
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through the decade, lull and her colleagues published a series 
of studies 13"15 that also supported the role of this type of 
dysfunction in posttraumatic cervical headaches. They, and 
other Australian investigators, also reported relatively high 
levels of reliability and validity of the manual palpatory 
procedures designed to identify clinically important joint 
dysfunction in the cervical spine in headache sufferers. 1 *"18

In 1993, Hu et al19 published an important study that 
demonstrated the response patterns of craniocervical muscles 
in a rat model of upper cervical deep paraspinal inflammatory 
irritation. Their study constituted the first animal model of 
painful cervical joint dysfunction and showed a wide-ranging 
pattern of evoked muscular responses, similar to those pre 
dicted to occur in humans who suffer CH. This muscular 
response pattern was more wide-ranging than the one that had 
been previously published involving the same inflammatory 
irritation of the temporomandibular joint. In other words, the 
response pattern evoked by irritation of spinal deep tissues 
was shown to be different from and more extensive than the 
one evoked by proximally-located joint tissues; a pattern that 
was also demonstrated in the work of Gillette and his col 
leagues with respect to the lumbar spinal tissues.20

Hu et al21 went on to demonstrate that the same craniocervical 
muscular response pattern was evoked by inflammatory irrita 
tion of the posterior cerebral dura and blood vessels, pointing to 
the kind of "viscero"-somatic reflexes that might be present in 
migraine headache. Finally, Hu et al have investigated the 
response of single dorsal horn neurons in the upper cervical cord 
to deep paraspinal irritation. They have showed the kind of 
expanded craniofacial cutaneous receptive fields that are indica 
tive of central sensitization (personal communication, 2001). 
All of these basic science studies have expanded knowledge of 
the role of deep upper cervical paraspinal inflammatory pain in 
the maintenance of the sensory-motor reflex dysfunctions that 
may lie at the heart of cervicogenic headache.2-6"10

A crucial contribution to these developments came from the 
Australian group headed by Nikolai Bogduk.22"25 He and his 
colleagues developed a methodology for identifying painful 
cervical zygapophyseal joints in patients who suffered chronic 
whiplash by using double-blind trials of injectable anesthetic 
blocking agents. The prevalence of cervical "z-joint" dys 
function in patients suffering from whiplash, particularly 
those with headaches as a primary symptom, was reported to 
be in the order of 50%. Procedures to produce long-lasting 
analgesia of these joints were validated by several important 
clinical trials.26

In 1995, Hack et al27 reported a new human anatomic 
finding consisting of a musculofibrous band connecting the 
deep rectus capitis posticus minor muscle to the cervico- 
occipital dura mater. This connection was proposed as another 
potential mechanism of cervicogenic headache, in that trac 
tion from the suboccipital muscle on the dura would likely be

painful and could create referred pain into the cranial area. 
Humphreys et al28 have since identified another such connec 
tion between the ligamentum nuchae and the cervical dura 
mater, thus strengthening the role of this mechanism.

In 1994, the RAND panel on the Appropriateness of Ma 
nipulation and Mobilization of the Cervical Spine was con 
vened. Its report29 was published in 1996 and outlined the kind 
of clinical scenarios, many of them involving headache, for 
which these manual therapies were deemed appropriate by 
these clinical experts. The literature review for this study was 
published by Hurwitz et al in 1996.30 This article was followed 
by an important meta-analysis by Aker and colleagues31 that 
also reported on clinical trials that demonstrated the relief of 
headaches with cervical spinal manipulation.

The status of the evidence regarding the treatment of benign 
adult headaches, including tension-types, migraine types, and 
CH, has also improved greatly in the past decade. Eleven 
randomized clinical trials, I1>32~41 eight published in the 
1990s, "•"-'wwo and one presented as an abstract,41 have been 
reported. Two of these have been for tension-type head- 
aches,35-3* two for migraine,39^0 and four for CH. 11-3"4-41 As 
well, six systematic reviews have been published since 1990, 
four of these specifically the treatment of headache,42"45 whereas 
two have addressed neck pain and headaches.30'31

These studies will be reviewed in this article to give the 
reader an overview of the current state of the evidence regard 
ing the effectiveness of spinal manipulation in the treatment of 
these most common headache types.

METHODS

The majority of information contained in this review was 
obtained from the work of Vernon, McDermaid, and Hagino.43 
The search strategy employed in that review covers all reports of 
original studies on spinal manipulation for tension-type and CH 
up to 1999. Additional retrieval strategies included citation 
reviews of the systematic reviews done before 199930-31 as well 
as materials from the author's files. These last strategies were 
particularly relevant to the clinical trials on migraine headaches.

RESULTS

Before beginning the review of clinical evidence, one 
ancillary study should be discussed. To describe more fully 
the mode of treatment of headache by the majority of chiro 
practors, Vemon and McDermaid4* conducted a survey of 
Canadian chiropractic specialists. The overwhelming major 
ity of these specialists endorsed the use of spinal manipula 
tion, along with soft tissue therapies and postural exercises, as 
the most commonly used and most valuable therapies.

Table 1 provides the relevant data from the body of random 
ized clinical trials published since the late 1970s on the
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Table 1. Evidence for studies of spinal manipulation for headaches

Headache Sample Number of 
Authors type size treatments Treatment groups (n) Results

Quality 
Side effects scores

Hoytetal" "muscle 22 
contraction"

Jensenetal" Posttraumatic 19

Nilsson33 Cervicogenic 39

Nilsson et al34 Cervicogenic 53

Boline etal35 Tension-type 
headache

Bove and 
Nilsson36

Tension-type 
headache

Parker, 
Tupling, 
and Pryor37

Migraine

126

75

85

(2) -10 (-24%)

Posttreatment F:
(1)-3.2*(-69%)
(2) -1.6 (-37%) 
PosttreatmentS:

1 (1) manipulation = 10 Posttreatment S:
(2) MOB = 6 (1)-48%*
(3) rest = 6 (2) 0 

(3)0

2 (1) manipulation = 10 Posttreatment S: 
(2) ice = 9 (1) -30.7/100* 

(2) +6.7/1 00

6 (1) manipulation = 20 Posttreatment F:
(2)STT=19 (1)-3.4(-59%)

(2) -2.1 (-45%)
PosttreatmentS:

(1) manipulation = 28
(2)STT = 2S

(2) -4.2 H 7%)

12 (1) manipulation = 70 Posttreatment F: 
(2)AMIT = 56 (1) -3.8/28 

(2) -4.0/28 
Follow-up F: 
(D-1.0* 
(2) +5.0 
PosttreatmentS:
(1) -1.3/20
(2) -1.8/20' 
Follow-up S: 
(D-0.5' 
(2) +2.0

Posttreatment F:
(1)-1.5h
(2) -1 .9 h 
PosttreatmentS:
(1) No change
(2) No change

Pre-Post F:
(1)8.5-5.1
(2)11.4-9.9
(3) 8.7-5.7

(1) manipulation + 
STT = 38
(2) sham + STT = 37

(1)CMT=30
(2) MT = 27
(3) MOB = 28

Not mentioned 56

Not mentioned 60

Not mentioned 64

Not mentioned 72

(1)4.3% neck 
stiffness
(2) 82.1% dry 
mouth, drowsy, 
or weight gain

Not mentioned

75

Not mentioned 80

continues
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Table 1. Continued

Headache Sample Number of 
Authors type size treatments Treatment groups (n) Results Side effects

Quality 
scores

Parker, Pryor, 
andTupling38

Nelson et al39 Migraine 218 14 (1)CMT = 77
(2) AMI = 70
(3) CMT +AMI = 71

Tuchin et al40 Migraine 123 16 (1) CMT = 83
(2) PLA = 40

Pre-Post duration (hours):
(1)30.5-19.4
(2)12.2-11.2
(3)14.9-11.9 
Pre-Post DIS(O-S):
(1)2.8-1.8
(2) 2.7-2.6
(3) 2.8-2.2 
Pre-Post S (0-10):
(1)4.9-2.8*
(2) 5.0-4.4
(3) 5.3-4.4

Posttreatment Fl/up F 
(20 months):
(1)5.1-3.8
(2) 9.9-8.0
(3) 5.7-4.9

Headache lndex(0-70):
(1) Pre: 18.6 (9.6) 
Post: 11.1 (8.6) 
Fl/up: 10.8 (9.6)
(2) Pre: 16.5 (8.7) 
Post: 8.4 (9.0) 
Fl/up: 12.5 (8.3)
(3) Pre: 15.1 (6.S) 
Post: 8.9 (7.5) 
Fl/up: 11.3 (7.5) 
Pre-Post S (0-10):
(1) Pre: 5.3 (1.3) 
Post: 4.3 (1.5) 
Fl/up: 4.4 (1.7)
(2) Pre: 4.6 (1.1) 
Post: 4.3 (1.6) 
Fl/up: 4.5 (1.3)
(3) Pre: 4.4 (1.1) 
Post: 4.1 (1.4) 
Fl/up: 4.3 (1.4)

Pre-Post F 
(number per month):
(1)7.1 (7.0)-4.1 (6.6)*
(2) 7.3 (6.5)-6.9 (6.6) 
Pre-Post 5(0-10):
(1)7.9(1.4)6.9(1.8)
(2)7.9(1.2)6.2(1.7) 
Pre-Post duration (hours):
(1)22.3(28.3)14.8(19.8)*
(2)22.6(27.4)19.8(17.7)

Not mentioned

continues
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Table 1. Continued

Headache Sample Number of 
Authors type size treatments Treatment groups (n) Results Side effects

Quality 
scores

Pre-Post DIS (hours):
(1)19.8(21.2)13.0(18.2)
(2)18.9(21.2)M5.6(18.2) 
Pre-Post Meds 
(number per month):
(1)21.3(28.4)9.8(12.4)*
(2)20.1 (28.4)16.2(12.4)

Total or average 712 68
*p= .05.
*p = .01.
*p = .00l.
MOB indicates mobilization; STT, soft tissue injury; AMI, amitriptyline; CMT, chiropractic manipulative therapy; MT, manual therapy; PLA 

placebo; F, frequency; S, severity; DIS, disability; Fl/up F, follow-up frequency

treatment of headache by spinal manipulation. It should also 
be noted that several studies of neck pain treated by spinal 
manipulation have also reported relief of headaches in large 
percentages of the subjects.47-48 These studies are not included 
in this review, although they appear in Aker et al.31

In 2001, Whittingham et al41 reported on the results of a 
clinical trial of a specific chiropractic manipulative technique 
(upper cervical recoil adjustment) in patients with chronic 
CH. Subjects participated in a crossover design, alternating 
between active adjustments and inactive or "placebo/sham" 
adjustments. Statistically significant intergroup differences in 
the first phase for headache frequency, duration, severity, and 
medication usage were reported in abstract form.41 The re 
searchers also reported on significant improvements in Neck 
Disability Index49 scores, pressure algometry measurements 
in the head and neck region, and cervical ranges of motion.

In addition to the systematic reviews of Hurwitz et al and 
Aker et al, which were cited above, four other important 
systematic reviews on the benefit of spinal manipulation for 
headache were published toward the end of the decade and 
into 2001.

Pryse-Phillips et al42 published a systematic review of 
clinical trials of nonpharmacologic management of migraine 
headaches. They cited Parker et al's two studies37-38 and 
concluded that "chiropracticmanipulations reduced migraine 
frequency and severity."'1'51' They rated this conclusion as 
Level I evidence (at least one strong clinical trial) with a class 
B recommendation (promising).

In 1999, Vemon et al43 published a systematic review of 
clinical trials of all complementary and alternative therapies 
for tension-type headaches and CH. The evidence table in this 
article (with the exception of the studies on migraine head 
aches) is taken from that study. A total of 286 subjects were

included in these studies. The quality scores ranged fron 
56%-80%, with a mean score of 67.5%. No trial included ai 
exclusively placebo or sham-controlled group, so that th< 
efficacy of spinal manipulation (compared with the "effec 
tiveness") could not be determined.

In patients with tension-type headaches, chiropractic spina 
manipulation (CSM) was shown to be more effective than n< 
treatment (in a single-treatment session32), as effective as ami 
triptyline after a 4-week follow-up period,33 and no better thai 
sham therapy plus soft tissue therapy when CSM was combina 
with soft tissue therapy (in a short course of treatment36).

In patients with CHs, Nilsson's trials33-34 as well as the tria 
of Jensen et al, 1 1 showed a superior benefit for CSM compara 
with soft tissue therapy and ice therapy, respectively.

In 2001, McCrory et al44 published a systematic review the 
was comparable to that of Vemon et al but also included trial 
for behavioral treatments. With regard to spinal manipulatior 
they concluded that it was effective in patients with CH. Il 
effectiveness in patients with tension-type headache was rate 
as unproven. They found no convincing evidence to suppo: 
the use of any other physical treatments for patients with thes 
two headache types.

In 2001, Bronfort et al45 published a systematic review an 
meta-analysis of all trials for the three types of headack 
discussed in this article. They included two additional trial 
The study by Howe et al47 primarily involved subjects wil 
neck pain, but these investigators also reported on their resul 
pertaining to headache symptoms that showed improvemei 
with spinal manipulation. The study by Bitterli et al4' w: 
published in the German literature in 1977 and was n 
included in Vernon et al's review for that reason.

Bronfort et al reported effect sizes for all these trials, tl 
majority of which were in the range of 0.5 to 1 (fair
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moderately strong) in favor of spinal manipulation. The 
primary exception to this trend was the trial by Bove and 
Nilsson.36 Bronfort et al suggested a revised explanation for 
the negative results from this trial, stating that "SMT fspinal 
manipulation therapy], whencombined with soft tissue therapy, 
is no better than soft tissue therapy alone for episodic tension- 
type headache. This conclusion neither supports or refutes the 
efficacy of SMT as a separate therapy."45(P463)

CONCLUSION

The data reviewed in this article present a rather strong case 
for the pathophysiology of headaches of cervical origin and 
shows that such a cervical component may be present in 
tension-type and migraine headaches as well as the currently 
accepted category of CH. This author has argued for this case 
since the decade began. Now that the specific entity of CH has 
been accepted by most in the "headache world," the larger 
premise may come into greater acceptance as well. Although 
it is hoped that this acceptance will lead to a larger number and 
higher quality of clinical trials for CSM and headaches, it is also 
hoped that this will lead to greater use of spinal manipulation in 
the management of these highly prevalent chronic conditions. 
As well, we might hope to see such research and clinical use in 
other headache conditions suchasclusterheadaches,menstrually 
related headaches, analgesic rebound headaches, and, espe 
cially, pcdiatric and adolescent headaches.
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