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Summary



Background.  Chiropractic has traditionally treated visceral symptomatology; 

however, only anecdotal evidence exists regarding heartburn, dyspepsia or reflux 

(HDR).

Objectives.  This investigation aimed to build on a pilot study showing positive 

effects from chiropractic management of HDR.  A review of the neuroanatomical 

and physiological rationale for chiropractic management is followed by 

comparison of outcomes in different chiropractic treatment interventions on HDR 

and a control group receiving no intervention. 

Setting. 18 UK chiropractic clinics.

Methods.  Routinely presenting patients who had not received manipulation for 

12 months were recruited using a questionnaire to identify exclusion criteria.  

Controls were recruited from former patients of two participating clinics.  A 7-

point Likert scale was used to grade symptom frequency and severity and detail 

medication use. At presentation and 1 month after treatment conclusion.  Treating 

chiropractors reported the nature, frequency and duration of interventions. 

Results.  1,441 patients were eligible (88.5%); of these, 207 had GORD 

symptoms (14.4%). 155 received treatment, 52 were control. Incidence was 

similar between age groups; prevalence was greater in females (58%).  The 

treatment group improved in all variable compared to control (p < 0.001).  This 

effect was greater in patients treated using specific visceral protocols compared 

with spinal manipulation alone (p < 0.05).  Including dietary/lifestyle advice did 

not affect outcomes.
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Conclusions.  Notwithstanding identified biases, including non-randomisation of 

the control group, this trial suggests that chiropractic may have a role in 

management of patient with symptoms of HDR.  Techniques involving visceral 

protocols had significantly greater effect than ‘standard’ chiropractic 

manipulation alone.  Although the trial has good applicability to daily 

chiropractic practice, a randomised controlled trial in patients with 

endoscopically confirmed diagnoses is needed to confirm cause and effect and 

isolate mechanisms of action.
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Preface



The dissertation was typed by the candidate in Oxford English using Pages® for 

Macintosh® (iWork ’09®) in Times 13-point font for the body of text; Helvetica 

in varying point sizes for the tables, table headings, figure headings and section 

headings; and Times 24-point or greater for the frontboard.  Graphs were 

generated using SPSS Statistics® v17.0 for Numbers® for Macintosh® (iWork 

’09®).

The dissertation was broken into several sections, each dealing with a specific 

area relating to the research question:

The contents of the foreword were informed by the University of Glamorgan’s 

Code of Practice for Research Students (COPrs)1 and the Research Programmes’ 

Regulations 2 as well as by the British Standards Institute’s Recommendations 

for the presentation of theses (BS 4821, 1990)3, which is adopted by the COPrs.

The first chapter introduces the concept of dyspepsia, heartburn and reflux, the 

history of the conditions and how the variable and overlapping terminology 

surrounding the symptoms has evolved along with the implication for 

interpretation of the modern literature. 

In Chapter two, the normal anatomical detail and physiological function of the 

structures pertinent to the investigations are developed, starting with an 

embryological perspective; pathophysiology is then discussed in Chapter 3.  In 

the fourth chapter, the management of dyspepsia and GORD is discussed starting 

with a historical perspective and detailing its development into current 

management protocols.  This chapter examines the various conventional medical 

and surgical alternatives as well as alternative approaches including dietary and 
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lifestyle modification; herbal remedies; and manual medicine, with a focus on 

chiropractic management.

Chapter 5 details the pilot study. Chapter 6 discusses how this was subsequently 

developed and describes the materials and methods used in the final trial, whilst 

Chapter 7 presents the results; these are both critically reviewed in Chapter 8, 

which also synthesizes the outcomes with previous work in the field and 

discussed the hypotheses that might explain the findings.  The final chapter, the 

ninth, summarizes the conclusions reached from the study and identifies areas for 

future work.  The main body of the text, including the Foreword comprises 

44,450 words, including captions and Tables.

The appendices contain supplementary information comprising a description of 

the chiropractic techniques used in the trial; copies of the appropriate ethical 

approvals and a list of publications relating to the period of study.  These are 

followed by the cited references and a bibliography.  These last items are 

informed by the British Standards Institute’s Recommendations for citing and 

referencing published material (BS 5605, 1990).4  The format used for 

referencing was the continuous note system.  Citations were stored on EndNote 

X3® for Macintosh and managed using Pages’® ‘Cite-while-you-write’ facility.
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Abbreviations



AK	
 	
 applied kinesiology

ALL	
	
 anterior longitudinal ligament

APUD	
 amine precursor uptake and decarboxylation

BMI	
	
 body mass index

BS	
 	
 British Standards

cm	
 	
 centimetre(s)

CMRT	
 chiropractic manipulative reflex technique

COPrs	
 Code of Practice for Research Students

CPD	
	
 continuing professional development

DOS	
	
 diffuse (distal) oesophageal spasm  

DU	
 	
 duodenal ulcer

ENGERD	
 endoscopy negative gastro-esophageal reflux disease (USA)

ENGORD	
 endoscopy negative gastro-oesophageal reflux disease 	


ERD	
	
 erosive reflux disease

F	
 	
 female

GABA	
 γ-aminobutyric acid

GERD	
 gastro-esophageal reflux disease (USA)

GEJ	
 	
 gastro-esophageal junction (USA)

GOJ	
	
 gastro-oesophageal junction

GORD	
 gastro-oesophageal reflux disorder/disease

gsm	
 	
 grammes per square metre

hLOS	
 hypertensive lower oesophageal sphincter

H2RA 	
 H2 receptor agonist 

H. pylori 	
 Helicobacter pylori 

IBS	
 	
 irritable bowel syndrome

IVD	
 	
 intervertebral disc

LES	
 	
 lower esophageal sphincter (USA)

LOS	
	
 lower oesophageal sphincter

M	
 	
 male
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mmHg	
 millimetres of mercury (pressure)

MTrP	
 myofascial trigger point

MW-U	
 Mann-Whitney U-test

NCCP	
 non-cardiac chest pain

NERD	
 non-erosive reflux disease

NHS	
	
 National Health Service

NO	
 	
 nitric oxide

NSAID	
 non-steroidal anti-inflammatory drug

NUD	
 non-ulcer dyspepsia

OTC	
	
 over the counter

pd 	
 	
 per diem (per day)

PLOS	
 	
 lower oesophageal sphincter pressure

PPI	
 	
 proton pump inhibitor

pppa	
	
 per patient per annum

PUD	
	
 peptic ulcer disease

RCT	
	
 randomized controlled trial

rHb	
 	
 recombinant haemoglobin 

s	
 	
 second(s)

SD	
 	
 standard deviation

SMT	
	
 spinal manipulative therapy

SOT	
	
 sacro-occipital technique

SOTO (E)	
 Sacro-occipital Technique Organization (Europe)

tLESR	
 transient lower esophageal sphincter relaxation (USA)

tLOSR	
 transient lower oesophageal sphincter relaxation

UK	
 	
 United Kingdom

UOS	
	
 upper oesophageal sphincter

USA	
	
 United States of America

VIP	
 	
 vasoactive intestinal peptide

Wsr	
 	
 Wilcoxon signed ranks test
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Apoptosis The death of cells that occurs as a normal and 
controlled part of an organism’s growth or 
development.

Barrett’s oesophagus Glandular metaplasia of the distal oesophagus.

Bilious Relating to, characterized by, or experiencing 
gastric distress caused by a disorder of the liver or 
gallbladder.

Body Mass Index A person’s weight in kilograms (kg) divided by 
their height in metres squared (m2).

Cardialgia Discomfort in the region of the heat, a medical 
synonym for heartburn.

Epigastric Pertaining to the epigastrium, the upper middle 
region of the abdomen. 

Fibreoptic endoscopy Investigation of internal body cavities using a 
flexible tube containing optical fibres.

Fundoplication Using the anterior wall of the gastric fundus to 
create an oesophageal ‘wrap’.

Heartburn Pain in the retrosternal area.

Hiatus hernia Protrusion of the stomach through the lower 
oesophageal sphincter into the thoracic cavity.

Incidence The frequency with which an event occurs.

Manometry Measurement of pressure.

Melaena Faecal stools that appear black and tarry owing to 
the presence of digested blood.

Non-cardiac chest pain Any anterior thoracic pain arising or referred 
from structures other than the heart.

Prevalence The proportion of the population in which an 
event occurs.
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Roux-en-Y gastric 
bypass

A surgical procedure used in the treatment of 
morbid obesity. The procedure involves cutting 
the stomach in two to create a pouch out of the 
smaller proximal (near) portion of the stomach, 
attaching it to the small intestine, bypassing a 
large part of the stomach and all of the duodenum. 

Septum transversum The central tendon of the diaphragm.

Trigger point An active trigger point is one that actively refers 
pain either locally or to another location (most 
trigger points refer pain elsewhere in the body 
along nerve pathways). A latent trigger point is 
one that exists, but does not yet refer pain 
actively, but may do so when pressure or strain is 
applied to the musculoskeletal structure 
containing the trigger point.

Ulcer Any lesion in the mucosal membrane of the 
gastrointestinal tract is termed a peptic ulcer, 
these lesions are further defined by location, the 
most common forms being gastric ulcer 
(stomach) and duodenal ulcer.
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Chapter 1: Introduction



The symptoms of heartburn, reflux and dyspepsia are common and widespread, 

most particularly in Western populations.5-7  In Europe and North America, 7% of 

adults are thought to be affected on a daily basis, 11-20% are affected weekly and 

34-45% monthly.8-15  These figures, however, may well be an under-

representation of the condition’s prevalence as only 5-17% of sufferers actually 

consult their doctor.8, 10-12  

Despite this underreporting by patients, Grainger, Klass, Rake et al.10 estimated 

that these symptoms still account for 4-8% of all general practice consultations, 

with gastro-oesophageal reflux disorder (GORD) being the most common 

diagnosis. In 2004, the costs of pharmacological treatment for functional 

dyspepsia to the UK’s National Health Service (NHS) was estimated as being 

£625 million, representing 7% of the primary care prescribing budget 16; this 

rises to between £1 billion and £1.5 billion when the costs of medical 

consultations, endoscopies, over the counter (OTC) sales and absenteeism are 

included.16, 17 Despite improvements in pharmacological management over the 

last thirty years, many patients’ symptoms remain refractory.18

In addition to the costs of treatment, which is commonly long term, conventional 

care is also complicated by side effects as well as rebound and dependency.19-22  

There is also a suggestion that prolonged and profound gastric hypoacidity and 

hypergastrinaemia may predispose to Helicobacter pylori (H. pylori) gut 

infection, with a resultant increase in the risk of developing gastrocarcinoma.23, 24  

Predisposition to laryngeal cancers also appears to be raised, and there is good 
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evidence to support a large rise in community acquired pneumonia with up to a 

fourfold increase in incidence between H2 receptor agonists (H2RAs) and proton 

pump inhibitor (PPI) users compared to those individuals who had never taken 

the drugs.25-28 

The last 20 years has seen the development of a number of surgical strategies for 

GORD; however, these are, for the most part, untested by rigorous, large scale 

trials.29-31  Although small cohort studies suggest success rates of 50-70%, intra- 

and postoperative complications have been reported, with overall mortality rates 

of 8-20/100,000.32-37  The long term outcomes and costing of surgery are not yet 

established.29  Development of effective treatment protocols by manual therapists 

could, therefore, offer significant health benefits to a substantial proportion of the 

population as well as major savings to healthcare providers. 

Since its inception in 1895, chiropractic has claimed to be able to alleviate 

visceral symptomatology by spinal manipulation; indeed, early chiropractors 

made no differentiation between musculoskeletal, viscerogenic and neurogenic 

pain, regarding the “spinal subluxation” and its associated “nerve centre defects” 

as a major, if not the sole, component of ill-health.38  Before this project, only 

isolated patient surveys and case reports have offered any support for the 

assertion that chiropractic can have any therapeutic effect on functional disorders 

of the upper gastrointestinal tract.39-41
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The recognition that the oesophagus can be a common, every day source of pain 

has only taken place in the last half century.  The reasons for this reflect the lack 

of clear understanding, historically, of the anatomy and physiology of the organ 

and the difficulties in differentiating its symptomatology from that of the 

stomach, small intestine, heart, lungs, liver, pancreas and gallbladder.42-44 

It was only with the advent of rigid endoscopy and upper gastrointestinal barium 

radiographic studies in the early 20th century that the emergent technology 

allowed in vivo studies of the oesophagus.  Despite this, the rather unglamorous 

organ still tended to fall between the specialities of otolaryngologists and 

gastroenterologists, whilst being largely ignored by cardiothoracic surgeons.  It 

was only with the evolution of fibreoptic endoscopy, manometry and pH probes 

in the 1960s that access to the oesophageal lumen became possible and the 

concept of reflux related to dysfunction of the lower oesophageal sphincter 

(LOS) was established.42  This increase in histological and physiological 

knowledge allowed far better differentiation of the non-specific complaint of 

‘dyspepsia’ in patients, particularly the presence of peptic ulcers, Barrett’s 

oesophagus and hiatal hernias.43, 45   

Up to 60% of dyspeptic patients have negative gastroscopic investigations.46   It 

was originally thought that this represented part of a spectrum of GORD with 

detectable erosions existing only at one end of the spectrum; however, several 

overlapping but heterogeneous groups have now been identified with varying 

pathophysiology including gastric acid hypersecretion, LOS dysmotility, visceral 

hypersensitivity as well as lifestyle and psychological factors.46-50 
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1.3   The Language of Dyspepsia

1.3.1   Introduction

The terms used to describe epigastric pain have changed, and continue to change, 

on a regular basis.  This reflects the results of considerable debate and research, 

an increased understanding of the aetiology of pain syndromes arising from this 

area, and the resultant requirement for increased specificity in nomenclature. 

Most of these terms have their origins in the 17th century; before this, medicine 

was dominated by Church teaching, and mediaeval and Renaissance physicians 

viewed the human body as a creation of God. The ancient Greek theories 

prevailed and sickness, often seen as the will of God, was regarded as an 

imbalance of four intrinsic liquid humours – blood, phlegm, yellow bile and 

black bile.51 

This history is reflected in the term bilious (referring to yellow bile, excess of 

which could cause jaundice), which, historically, was a coverall for painful upper 

gastrointestinal disturbance before advances in haematology, diagnostic imaging 

and laparoscopic surgery allowed far easier differentiation between symptoms 

arising from the liver and gallbladder; the stomach, small intestine, and 

oesophagus; and other thoracic and upper abdominal structures.42, 52
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1.3.2   Heartburn

Modern medicine is often said to date from William Harvey’s publication in 1628 

of his theory that the heart acts as a muscular pump, circulating blood around the 

body in the blood vessels.53  Coming on top of the increased knowledge of 

human anatomy from dissection studies, this laid the foundations for a profound 

change in thinking to the view that the body is made up of specialized systems 

that work together – the basis of modern medical theory.51

This new emphasis on the heart is often given as the reason that all epigastric 

pain was commonly attributed to the organ: heartburn or, medically, cardialgia.  

John Swan is credited by Modlin and others 42, 43 with being the first to identify 

the condition and to suggest a remedy for it (lettuce) in 1635, which fits 

conveniently with this paradigm shift in medicine; however, Swan’s exhortation 

that the vegetable cooleth a hot stomack called heart-burning 54 is, in fact, copied 

verbatim from John Gerard’s 1597 Herbal 55, in which he also recommends 

crassula (the common house leek) and pomegranate as being good for the hart-

burne.56, 57  

Modlin 42 also incorrectly attributes an earlier use of the word to Shakespeare in 

Richard III; in fact, it was Sir Thomas More who used the phrase hearte 

brennynge in his (unfinished) History of Richard III, although in the sense of 

mental rather than physical discomfiture.57  It therefore seems more likely that 

the phrase reflects the anatomical coincidence of the centre of pain with the 

easily palpable heart; even today, most people think the stomach lies lower than 

it actually does and, when asked to identify it, will place their hand over the 

transverse colon or small intestine.58  
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This focus on the heart is also reflected in the nomenclature of the regional 

anatomy; the lower oesophageal sphincter, the key area to understanding of these 

symptoms, was traditionally known as the ‘cardiac sphincter’ because it lies 

immediately above the cardia, the superomedial portion of the stomach, and is 

separated from the pericardium only by the diaphragm (Figure 1.1 58).
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Figure 1.1   The named areas of the stomach [adapted from Gray’s 
Anatomy (2005)58].



1.3.3   From ‘dyspepsie’ to functional dyspepsia

The etymology of dyspepsia is Greek, from δυσ (dys), meaning ‘ill’ and πεψη 

(pepse), meaning ‘digestion’.59-61  The term is first encountered in English during 

Stuart times, when the lexicographer, Thomas Blount, defined it as a difficulty of 

Digestion, or fermentation in the Stomach or Guts.62

The condition was, unsurprisingly, known in antiquity.  Halloran 63 suggests that, 

3,500 years ago, the Sumerians had a word, mèl (‘scorching’), which was applied 

to chest pain. In the first century of the modern era, Pliny the Elder also described 

the fire within, which, he noted, could, on occasion, cause men to spit blood and 

was ameliorated by powdered coral.64  One century later, Galen not only defined 

dyspepsia (as a defective change in digestive function) but differentiated it from 

apepsia (privation of function), bradypepsia (weak change in function) and 

heartburn, which he differentiated into kardialgia and oxuregmiodes, although 

the precise nature of this distinction is now unclear.65  

Galen’s attempt to accurately define dyspepsia and its subgroups remains of 

paramount importance to clinicians, researchers and epidemiologists; the 

diagnosis, treatment and prevalence of any medical condition will depend on the 

criteria by which it is defined.66  Increasingly for dyspepsia, the definition has 

shifted to one of inclusion to one of exclusion; instead of a catch-all term for 

epigastric pain, it has come to represent a functional condition with a clinical 

diagnosis based on elimination of other possibilities.67  Awareness of these 

changing definitions is important when interpreting the literature; Table 1.1 

summarizes their evolution.52, 68-79
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This modern specificity can be said to have begun towards the end of the 19th 

century.  Although hospital diagnoses of ‘dyspepsia’ were increasingly prevalent 

from the the late eighteenth century, there were no clinical tests that could 

pinpoint aetiology, although the presence of melaena stools (black, tarry faeces 

associated with the presence of occult blood from an upper gastrointestinal bleed) 

and the relationship to the ingestion of food (classically relieving in the case of 

duodenal ulcer; otherwise, usually aggravational) was starting to be recognized 

and associated with ulcerative aetiologies.80

This changed at the start of the 20th century with the discovery of specific tests 

that could detect the presence of occult blood within stools. Ingham 81 attributes 

this to Tanatar’s 1908 invention of the benzidine test, although this was complex 

and required specialist laboratory facilities (and ultimately proved to be 

carcinogenic); it was only with the inception of the Gregersen slide test, invented 

in 1916 and first reported in the UK by Ogilvie 82 in 1927, that a fast and reliable 

means of confirming melaena was established.83

Although these tests enabled the identification of digested blood in faeces, they 

still did not necessarily confirm the presence of a peptic ulcer: carcinoma, 

Crohn’s disease and oesophageal varices also commonly produce positive 

Gregersen findings.45  It was the introduction of barium swallow radiology in the 

late 1920s that enabled the identification of the classic ‘apple-core’ finding of a 

peptic ulcer that allowed the definitive differentiation of ulcer dyspepsia (or 

radiology positive dyspepsia) from non-ulcer dyspepsia (NUD).79, 83

Today, oesophagogastroduodenoscopy has largely superceded radiography as the 

procedure of choice for the diagnosis of upper gastrointestinal pathology.84 

Although endoscopes were first used in medicine in the first quarter of the 19th 

century, their rigid nature and poor image quality made them impractical for 
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investigation of the distal gastrointestinal tract.  The modern endoscope was 

developed by Hopkins in the 1950s but these devices were highly expensive, 

cumbersome and short lived.  It was the application of fibreoptics that allowed 

the combination of flexibility, longevity and ease of use and enabled Hopkins and 

Storz 84 to perfect the instrument that is so widely employed today to diagnose 

and biopsy lesions of the oesophagus, stomach and duodenum and allowed the 

aetiology of dyspeptic conditions to be divided into organic dyspepsia, arising 

from specific pathology (eg GORD, peptic ulceration, Barrett’s oesophagus etc) 

and functional dyspepsia, wherein no specific cause can be determined.

This increasing specificity of meaning has had the disadvantage of divorcing the 

medical term from its traditional, lay usage; this is a common phenomenon seen 

in terms such as ‘sciatica’, ‘rheumatism’ and ‘arthritis’, where the highly specific 

medical definition is significantly different from the general vernacular use.  The 

Rome II Multinational Working Teams 79 suggested that, in practice, a significant 

proportion of the population fail to recognize the designation ‘dyspepsia’ and 

suggested definitions to cover the spectrum of functional dyspepsia (Table 1.2 79).  

It is these definitions that have been commonly employed in functional dyspepsia 

research in recent years.
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Source Definition

Rhind & Watson 
(1968) 68

Epigastric discomfort after meals, a feeling of fullness so that tight 
clothing is loosened, eructation with temporary relief and regurgitation 
of sour fluid into the mouth with heartburn ("flatulent dyspepsia"). 

Crean et al. 
(1982) 69

Any form of episodic or persistent abdominal discomfort or other 
symptom referable to the alimentary tract, except jaundice and 
bleeding. 

Thompson (1984) 70 Chronic, recurrent, often meal-related epigastric discomfort initially 
suspected to be a peptic ulcer.

Lagarde & Spiro 
(1984) 71

Intermittent upper abdominal pain or discomfort 

Talley & Piper 
(1987) 72

Pain, discomfort, or nausea referable to the upper alimentary tract that 
is intermittent or continuous; has been present for a month or more; is 
not precipitated by exertion and relieved by rest; and is not associated 
with jaundice, bleeding, or dysphagia. 

Nyrén et al. 
(1987) 73

Epigastric pain or discomfort a key symptom, in the absence of irritable 
bowel symptoms and organic disease (“epigastric distress syndrome"). 

Talley & Phillips  
(1988) 74

Chronic or recurrent (≥ 3 months) upper abdominal pain or nausea that 
may or may not be related to meals.

Colin-Jones 
(1988) 76

Upper abdominal or retrosternal pain, discomfort, heartburn, nausea, 
vomiting, or other symptom considered to be referable to the proximal 
alimentary tract.

Barbara et al. 
(1989) 77

Episodic or persistent abdominal symptoms, often related to feeding, 
that patients or physicians believe to be due to disorders of the 
proximal portion of the digestive tract.

Heading (1991) 78 Episodic or persistent abdominal symptoms that include abdominal 
pain or discomfort; the term. “Dyspepsia” is not applied to patients 
whose symptoms are thought to be arising from outside the proximal 
gastrointestinal tract. 

Drossman et al 
(1994) 52

Persistent or recurrent abdominal pain or abdominal discomfort centred 
in the upper abdomen. 

Drossman (1999) 79 ‘Functional dyspepsia’ differentiated from ‘organic dyspepsia’ and 
defined as pain or discomfort centred on the upper abdomen with no 
obvious cause.
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Symptom Definition

Pain centred in the 
upper abdomen

Pain refers to a subjective, unpleasant sensation; 
some patients may feel that tissue damage is 
occurring.  Other symptoms may be extremely 
bothersome without being interpreted by the 
patient as pain.  By questioning the patient, pain 
should be distinguished from discomfort. 

Discomfort centred in 
the upper abdomen

A subjective, unpleasant sensation or feeling that 
is not interpreted as pain according to the patient 
and which, if fully assessed, can include any of 
the symptoms below. 

Early satiety A feeling that the stomach is overfilled soon after 
starting to eat, out of proportion to the size of the 
meal being eaten, so that the meal cannot be 
finished.

Fullness An unpleasant sensation like the persistence of 
food in the stomach; this may or may not occur 
post-prandially (slow digestion).

Bloating in the upper 
abdomen

Tightness located in the upper abdomen; it should 
be distinguished from visible abdominal 
distension.

Nausea Queasiness or a sick sensation; a feeling of the 
need to vomit. 

Retching Heaving as if to vomit but no gastric contents 
forced up. 
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Table 1.2.  Definitions of symptoms commonly associated with functional 
dyspepsia.79



1.3.4   Reflux

A century ago, GORD was an almost unknown entity with fewer than 200 cases 

reported worldwide 43; today, it is almost endemic in Western populations.9, 12-14

Although lifestyle and dietary factors are thought to play a part in this spectacular 

increase in prevalence, diagnostic issues are probably more significant.42, 43, 85-87

Prior to manometry and endoscopy, oesophagitis was hard to diagnose and the 

condition is further complicated by the fact that not all GORD causes visible 

inflammatory changes to the oesophagus.  It is not even possible to properly 

classify GORD as a subset of dyspepsia as symptoms are now know to 

occasionally manifest in the pharynx, larynx or bronchi.88-90

The first detailed clinical description of oesophagitis was provided by an 

otolaryngologist, Morell Mackenzie, in 1884 91; however, it was not until 1935 

that Arthur Winkelstein utilised the term and linked it to the issue of acid reflux 

from the stomach.92  The pathogenesis of acid in oesophageal irritation had 

actually been suggested as early as December 1823 by William Prout in a 

presentation to the Royal Society (subsequently reported in 1824) 93; Prout was 

the first to demonstrate the stomach contained hydrochloric (muriatic) acid 93 

although cause and effect were not finally confirmed until 1958 by Bernstein and 

Baker.94  

The term reflux oesophagitis was first proposed in 1950 by Barrett; this evolved 

into gastro-oesophageal reflux and, by the 1990s, the term gastro-(o)esophageal 

reflux disease came into usage.95  Unfortunately, no gold standard existed for the 

diagnosis of GORD – a situation that still exists today – and the term was, and is, 

often used by medical practitioners as a synonym for dyspepsia or for non-
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cardiac chest pain (NCCP).42, 44, 96, 97  The increasing sophistication of endoscopy 

has failed to help this situation, although it has created further subdivisions 

within the nomenclature: GORD is now commonly divided into erosive (ERD) 

and non-erosive (NERD) variants, the latter also being termed endoscopy 

negative GORD (ENGORD).  There is, however, poor correlation between 

positive endoscopy findings and patient symptomatology 98 and symptoms of 

heartburn, reflux and dyspepsia remain a diagnostic challenge lacking ‘gold 

standards’ to guide the physician in their clinical thinking.99 
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2.1.1   Introduction

The mechanisms by which chiropractic operates are largely hypothetical with in 

vivo human studies being impossible to perform; however, the fact that different 

chiropractic techniques utilise very differing approaches and rationales suggests 

that more than one mechanism may be involved in any therapeutic response.

 

The traditional chiropractic approach is that of short lever, high velocity, low 

amplitude manipulation used with the aim of restoring normal function to 

hypomobile articulations; by far the most commonly used approach in this regard 

is Diversified Technique, which is utilised by over 90% of chiropractors and is 

the sole technique approach of approximately three-quarters of chiropractors:100 

as such, it represents a ‘standard’ treatment approach for the profession and has 

become almost synonymous with the term ‘chiropractic spinal manipulative 

therapy’ in research parlance.

 

The proposed mechanism of action for high velocity, low amplitude manipulation 

such as Diversified Technique is that of improving segmental spinal function.  

Associated with this is removal of local kinesiopathology, restoring function to 

the vertebral attachments; however chiropractors also postulate that such 

adjustments serve to also normalise neurological function at the level of the 

dysfunctional functional spinal unit both pre- and post-synaptically, which can 

improve both musculoskeletal and visceral function.101  
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Typically, a chiropractor involved in such an approach with regard to a patient 

whose symptoms included heartburn, reflux or dyspepsia would seek to correct 

specific dysfunction at the neurologically involved levels: atlanto-occipital 

junction (Vagus nerve), C4 (phrenic nerve), mid-thoracic spine (sympathetic 

trunk).  Attention would also be given to the sacroiliac joints, dysfunction in 

which can cause secondary areas of spinal correction and stress, and to the 

thoracolumbar junction and lower thoracic spine, which form the points of 

attachment for the diaphragm.

 

A number of other chiropractic techniques use low force mobilisation rather than 

high velocity, low amplitude manipulation in their treatment of the spine and 

extremities.  Mobilisation is differentiated from manipulation by retaining a joint 

within its usual passive range of motion rather than exceeding it; Méal and Scott 

suggest that the biomechanical and neurophysiological effects are significantly 

different, although the research literature (and associated methodology) often fail 

to make this differentiation102.

The most commonly utilised low-force techniques are Activator Technique 

Sacro-Occipital Technique and Applied Kinesiology (Appendix 1).  The first of 

these replaces, manual adjustment joint specific mobilisation using a spring-

loaded, hand-held adjusting instrument, which can be modified to vary the 

strength, direction and depth of the applied force.  Most chiropractors receive 

their introduction to the technique at undergraduate level as an alternative to 

diversified technique where it is contraindicated (eg known osteoporosis).

Sacro-Occipital Technique postulates that its effects arise not only from 

improving segmental spinal neurological and biological function but from 

improving areas of deficient circulation of cerebrospinal fluid.  This is achieved 

by enhancing the function of the sacro-occipital pump, a mechanism proposed to 
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explain the fact that CSF does not simply pool in the caudal cistern under the 

influence of gravity103.  Although hypothetical, it remains a rational explanation 

for an anatomical mystery and is also the basis for cranial osteopathic techniques 

and cranio-sacral therapy.

Advanced practitioners of Sacro-Occipital Technique also utilise a range of 

techniques, Chiropractic Manipulative Reflex Therapy, aimed at visceral 

structures, which evolved from the early 20th Century concept of ‘bloodless 

surgery’; that for ‘Gastric Syndrome’ involves balancing of psoas muscle tension, 

diaphragmatic stretching, and manual stimulation of standard ‘reflex points’ in 

the neck, occiput, linea albicans and left thumb web (in addition to spinal and 

pelvic moblisation).104

 

The approach of Applied Kinesiology would be to treat the muscles associated 

with the affected organ, either by a direct (hypothetical) relationship between the 

muscle (in the case of the stomach, the pectoralis major clavicular division) or 

indirectly through nutritional relationships (coffee, a common gastric irritant, 

affects the kidneys, which are related to the psoas muscle).  In addition to 

reflexive, low force, breathing assisted mobilisation of the spine, chiropractors 

using this technique also aim to strengthen weakened muscles by digital 

stimulation of ‘neurolymphatic points’ relating to individual muscles or muscle 

groups and also consider vascular provision to the affected areas.
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2.1.2   Developmental considerations

The anatomy and neurology of the oesophagus, LOS, diaphragm and stomach is 

both complicated and involved; this complexity is a reflection of its development 

in utero and is, therefore, best understood by an appreciation of human 

embryological development.

In the two weeks following conception, the human embryo develops into a 

bilaminar disk of ectoderm and endoderm, with the endoderm – the framework 

for the future digestive tract – forming the lining of the yolk sac. The ectoderm 

gives rise to epidermis and neural plates, which evolve into to the neural tube and 

neural crest cells; the former is the precursor for the spinal cord and brain, the 

latter forms the peripheral nervous system.105

On day 15, the third embryonic layer, the mesoderm, appears and provides the 

substrate for connective tissue: angioblasts, the precursors to blood vessels; 

smooth muscle; and the serosal layers of the gut.  Over the following two weeks, 

the mesoderm thickens and fragments into 33 to 35 somites.106  This coincides 

with craniocaudal elongation and lateral folding of the embryo, compressing the 

endoderm, which is incorporated as a ‘rim’ within the cylindrical foetus.107 

This folding divides the embryo into an extra-embryonic part, which will regress 

and have disappeared by the 12th week, and an intra-embryonic part, which is the 

origin of the digestive tube and its various accessory glands (Table 2.1 106, 108-111); 

it is at this stage the primitive gut develops identifiable parts: a foregut, supplied 

by the coeliac artery; a midgut, supplied by the superior mesenteric artery; and a 

hindgut, supplied by the inferior mesenteric artery (Figure 2.1 108).108, 109  This 

embryonic arterial division reflects, for the most part, the final blood supply to 
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the gut and its associated organs, the exception being the oesophagus, which has 

a complex blood supply arising from the inferior thyroid and bronchial arteries 

and from a variable number of oesophageal arteries, arising from the aorta.112, 113

During the fourth week, the foregut develops a small diverticulum on its ventral 

surface, immediately adjacent to the area that will form the pharnyx.  As this 

tracheobronchial diverticulum elongates, it develops a septum, separating it from 

the oesophageal part of the dorsal foregut; this area then becomes the primitive 

respiratory tract.111, 114  

At this stage, the oesophagus is very short; however, the foregut rapidly 

elongates, reflecting the craniocaudal growth of the embryonic body, and, by the 

seventh week it obtains its final relative length.  In the seventh and eighth weeks, 

the luminal epithelium proliferates and almost completely occludes the 

oesophagus; however, by the start of the foetal period at week ten, new vacuoles 

appear in the luminal cells of the foregut and coalesce to form a single 

oesophageal lumen with a superficial layer of ciliated epithelial cells.106, 108

During the fourth month, this ciliated epithelium is gradually replaced by a 

stratified squamous epithelium, a process that continues until birth.  Residual 

islands of ciliated epithelium at the proximal and distal ends of the oesophagus 

remain; these give rise to oesophageal glands, also an endodermal derivative.106  

During the sixth week of gestation, the circular muscle coat and ganglion cells of 

the myenteric plexus form; during week seven, the blood vessels enter the 

submucosa.  The smooth muscle of the lower oesophagus and the LOS are 

derived from the mesenchyme of the somites surrounding the foregut.108, 110  The 

striated muscle forming the muscularis propria of the upper part of the 

oesophagus and the upper oesophageal sphincter (UOS) is derived from 
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mesenchyme of the fourth, fifth and sixth branchial arches.  This origin explains 

the innervation of the upper oesophageal sphincter by the vagus nerve (the nerve 

of the fifth branchial arch) and by the recurrent laryngeal nerve (the nerve of the 

rudimentary sixth branchial arch), a branch of the vagus nerve .113, 115 

The middle third of the oesophagus consists of a mixture of smooth and skeletal 

muscle. How this develops is unclear; however, it appears that the two muscle 

types probably arise from two distinct differentiation pathways.107, 116  The 

smooth muscle differentiation begins after the neural crest cells colonize the gut; 

whether the circular muscle layer precedes or appears at the same time as the 

longitudinal muscle layer is still controversial, but both layers have been reported 

to mature into a rostrocaudal axis by the ninth week of gestation.117, 118

At the beginning of week four, the neural crest cells enter the foregut and migrate 

rostrocaudally and centripetally; this gives rise to the myenteric and submucosal 

plexi, which exhibit cholinesterase activity by week ten.  The oesophagus is 

capable of peristalsis in the first trimester.119  

By the second trimester, simultaneous opening of the oesophageal lumen from 

the oropharynx to the LOS has also been observed, together with reflux from the 

stomach into the oesophagus.119, 120  Even after birth, the propagation of the 

peristalsis along the oesophagus and at the LOS is immature, resulting in 

frequent regurgitation of food; the pressure at the LOS approaches that of the 

adult by six weeks post partum.105

The stomach first appears about the end of the fourth week as an elongated 

dilation of the foregut, immediately below the oesophagus.  The epithelial lining 

and gastric glands develop from foregut endoderm; splanchnic mesoderm 

produces stomach smooth muscle, the lesser omentum and the dorsal mesentery. 
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The dorsal border of the stomach grows more rapidly than the ventral border, 

forming a distinct curvature.121

As the fusiform dilation enlarges, the differential growth between the dorsal and 

ventral borders causes the greater and lesser curvatures of the stomach to form 

(Figure 1.1 58), the former directed toward the vertebral column and the latter 

toward the anterior wall of the abdomen.  As the enlargement continues, it rotates 

around its longitudinal axis in such a way that the lesser curvature moves to the 

left and the greater to the right; this process continues until the left side of the 

stomach lies parallel to the ventral abdominal surface.  The stomach also shifts 

position from the midline to the left of the abdominal cavity.108, 122

This movement also alters the orientation of the left and right vagus nerves, 

which come to lie anteriorly and posteriorly.  The dorsal mesentery is also pulled 

to the left and lengthens, becoming the greater omentum; the ventral mesentery, 

connecting stomach and liver, becomes the lesser omentum.112, 123

The embryologic origin of the gastro-oesophageal junction (GOJ) is still 

controversial.  It is thought that gastric rotation, together with augmentation of 

the fundus of the stomach, determine its formation.110

The development of the musculotendinous diaphragm, separating the thoracic 

and abdominal cavities, is complicated and still not fully elucidated. It is formed 

by four embryologic entities: 

• the septum transversum

• the pleuroperitoneal membranes 

• the dorsal mesentry of the oesophagus

• body wall muscles.
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The exact role of these individual contributors has not yet been precisely 

delineated.124  

The septum transversum forms the central tendon of the diaphragm.  By the 

end of the third week of gestation, it can be identified as a coherent mass of 

mesoderm located ventrally at the level of the occipital and upper cervical 

somites (C3).125  As the head fold develops during the fourth week of gestation, it 

incompletely separates the pericardial and peritoneal cavities (Figure 2.2 125).126

During its downward migration, the septum transversum passes the third, fourth 

and fifth somites from whence myogenous stem cells migrate; during the fifth 

week, nerves sprout from the fourth and fifth cervical segments, penetrating the 

pleuropericardial membranes to reach the septum transversum, and forming 

the phrenic nerves, which elongate as the proto-diaphragm continues to migrate 

caudally.125  The pleuropericardial membranes fuse with the dorsal mesentery of 

the oesophagus and the dorsal septum transversum to complete the primitive 

diaphragm, partitioning the thoracic and abdominopelvic cavities.  Although the 

pleuropericardial membranes form a significant part of the embryonic diaphragm, 

their contribution to the fully developed diaphragm is less significant, 

representing only small intermediate portions of the muscle; the major 

contribution is to the pericardium.124, 125

At the beginning of the sixth week of gestation, the proto-diaphragm is located in 

the region of the thoracic somites; by the eighth week of gestation, it has reached 

the level of the first lumbar vertebra (L1).  During this period, the position of the 

proto-diaphragm changes from frontal to transverse; the septum transversum and 

the pleuropericardial membranes also fuse with the dorsal mesentery of the 

oesophagus, the primitive mediastinum, which separates the pericardial and 

  Chapter 2! ! page 57

PHD Thesis: YOUNG, MF (2010)



pleural cavities.124, 125  This mesentery constitutes the medial portion of the 

diaphragm; the crura of the diaphragm subsequently develop from muscle fibres 

that infiltrate the dorsal mesentery of the oesophagus.125, 126

The body wall muscles participate in the formation of the lateral diaphragm. 

Between the ninth and twelfth weeks of gestation, the lungs and the pleural 

cavities expand and burrow into the lateral body walls, splitting the walls into 

two – an outer layer that forms part of the body wall and an inner layer that 

contributes to the peripheral musculature of the diaphragm.125, 127  This 

infiltration of muscular material from the thoracic myotomes explains why the 

peripheral diaphragm receives its motor innervation from the lower six 

intercostal nerves.128, 129
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Figure 2.1

GI Motility online (May 2006) | doi:10.1038/gimo6

Figure 1 Primordial gut.

Figure 2.1.  Sagittal section of a four-week embryo detailing the 
primitive gut and its blood supply [adapted from Moore (1982) 108].
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Figure 2.2

Figure 2.2.  Schematic drawing of an embryo at approximately 24 days. 
A. Sagittal section.  B. Transverse section illustrating the relationship of 
the primitive foregut to the septum transversum [adapted from Moore 
(2003) 125].



Foregut Derivatives

Pharynx

Lower respiratory tract

Oesophagus

Stomach

Proximal duodenum

Liver

Gall Bladder

Bile Duct

Pancreas
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Table 2.1

Table 2.1.  The principal derivatives of the embryonic foregut.106, 108-111



2.1.2   The Oesophagus

The oesophagus is a muscular tube of between 18 and 27 cm in length, as 

measured from the UOS to the LOS; it connects the pharynx to the stomach and 

is flattened anteroposteriorly (Figure 2.3).  When empty, the oesophagus 

collapses and, as such, represents a ‘virtual space’; it can, however, distend to 

approximately 2 cm in the anterior-posterior dimension and up to 3 cm laterally 

to accommodate a bolus.130 

It begins at the lower border of the cricoid cartilage (C5-6 vertebral interspace) 

and descends anteriorly to the vertebral column, the anterior-posterior curves of 

which it follows, and through the superior and posterior mediastinum, lying 

slightly to the left of the midline.  After piercing the diaphragm at the 

diaphragmatic hiatus at the level of the tenth vertebral level (T10), the 

oesophagus extends through the GOJ to end at the orifice of the cardia of the 

stomach (T11 vertebral level).131

Topographically, there are three distinct regions in the organ: cervical, thoracic, 

and abdominal; each has important relations (Figure 2.4 113, Figure 2.5 113; Table 

2.2 105, 113, 131).  The path of the oesophagus is not straight, the most prominent of 

the three curves is in the sagittal plane where the oesophagus lies behind the 

great vessels and heart; here it follows the kyphosis of the thoracic spine.  The 

other two curves are in the coronal plane.  The first of these is a small deviation 

to the left (0.5-1 cm) in the base of the neck; the second is formed as the 

oesophagus inclines to the left to join the stomach.113, 132

There are four normal areas of oesophageal narrowing.  The uppermost 

narrowing, the UOS, is located at the entrance to the oesophagus and is caused 
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by the cricopharyngeal muscle.  It is the narrowest point of the oesophagus with 

a luminal diameter of 1.5 cm.  There are two indentations in the oesophagus as it 

passes through the mediastinum; these are caused by the aortic arch and the left 

bronchus and narrow the luminal diameter to approximately 1.6 cm.  The final 

area of normal narrowing is at the hiatus of the diaphragm and is caused by the 

LOS mechanism, which can also be reduced to as little as 1.6 cm.113, 131

The UOS and LOS are not true anatomical sphincters; rather, they are high 

pressure zones that prevent the back-flow of food.  These ‘functional’ sphincters 

are not clearly demarcated and are located at the upper and lower ends of the 

oesophagus; there is no clear anatomical demarcation of the limits of the 

sphincters.105, 113  

Structurally, the oesophageal wall is composed of four layers (Figure 2.6 132, 

Table 2.3 130, 131); unlike the remainder of the gastrointestinal tract, the 

oesophagus has no true serous coat.130, 131  The muscular layer consists of an 

external band of longitudinal fibres and a thicker, internal band of circular fibres.  

The longitudinal fibres are arranged proximally in three fasciculi: the anterior 

fasciculus is attached to the vertical ridge on the posterior surface of the lamina 

of the cricoid cartilage; the two lateral fasciculi are continuous with the muscular 

fibres of the pharynx.  The longitudinal fibres descend in the oesophagus and 

combine to form a uniform layer that covers its outer surface.105, 130

The circular fibres, responsible for peristalsis, are continuous with the inferior 

constrictor muscle of the hypopharynx.  In the superior and inferior regions of 

the oesophagus, they run transversely; in the main body, their fibres are oblique.  

Below the diaphragm, the fibres thicken and become semicircular and 

interconnected, eventually constituting the intrinsic component of the LOS.  
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Accessory bands of muscle connect the oesophagus and left pleura to the root of 

the left bronchus and the posterior aspect of the pericardium.105, 113 

On endoscopy, the oesophageal lumen appears as a smooth, pale pink tube with 

visible submucosal blood vessels.  An irregular, circumferential area, the Z-line, 

marks the boundary between the paler oesophageal mucosa and the darker, 

gastric mucosa.105

The rich arterial supply to the oesophagus is segmental: the UOS and cervical 

oesophagus are supplied by branches of the inferior thyroid artery; the thoracic 

oesophagus is supplied by the paired aortic oesophageal arteries or terminal 

branches of bronchial arteries; the LOS and the distal oesophagus receive their 

blood from the left gastric artery and a branch of the left phrenic artery.  The 

arteries supplying the oesophagus end in an extensive, dense network in the 

submucosa; the network of potentially anastomotic vessels may explain the rarity 

of oesophageal infarction.105, 113

The venous supply is also segmental, draining from the submucosa into the 

superior vena cava.  The veins of the proximal and distal oesophagus drain by 

way of the azygos system; collaterals of the left gastric vein, a branch of the 

portal vein, receive venous drainage from the mid-oesophagus.  The connections 

between the portal and systemic venous systems form oesophageal varices in 

portal hypertension, a major source gastrointestinal haemorrhage in conditions 

such as cirrhosis. 105, 113

Lymphatic drainage in the oesophagus consists of two systems: the lymph 

channels and lymph nodules.  The former start in the oesophageal tissue space as 

a network of endothelial channels.  Lymph capillaries drain into the collecting 

channels, which continue through the oesophageal muscular coat and are 
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distributed parallel to the long axis of the oesophagus.  The collecting lymph 

channels merge into small trunks that open into the regional lymph nodes.105, 113

The lymphatic drainage of the oesophagus differs in the striated and smooth 

muscle regions.  The lymphatics from the proximal third of the oesophagus drain 

into the thoracic duct via the deep cervical lymph nodes; the lymphatics from the 

middle third of the oesophagus drain into the superior and posterior mediastinal 

nodes; whilst the distal third of the oesophageal lymphatics follow the left gastric 

artery to the gastric and coeliac lymph nodes.  There are considerable 

interconnections among these three drainage regions.58, 105 

The motor innervation of the oesophagus is predominantly from the vagus 

nerve: the upper half via the recurrent laryngeal nerve, the lower half from the 

oesophageal plexus. Those fibres innervating the UOS and the proximal striated 

muscle of the oesophagus arise in the nucleus ambiguus; fibres destined for the 

distal smooth muscle and the LOS originate in the dorsal motor nucleus of the 

vagus nerve.113, 133, 134

The intrinsic innervation of the oesophagus is provided by the thin nerve fibers 

and numerous, variable ganglia of the myenteric (Auerbach’s) plexus, which lie 

between the longitudinal and the circular layers of the tunica muscularis, and 

submucous (Meissner’s) plexus; the two plexi are connected by a complex 

network of fibres.135  The former regulates contraction in the outer muscular 

layers; the latter, secretion from, and peristaltic contractions of, the muscularis 

mucosae.113, 135, 136

 

As with the rest of the viscera, the oesophagus receives parasympathetic and 

sympathetic innervation regulating blood vessel calibre, glandular secretion and 

the activity of striated and smooth muscle.  The parasympathetic supply is vagal, 
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the sympathetic comes from the thoracic chain (T1-11) via the distally synapsing 

coeliac plexus.113, 131, 137  Vagal afferent neurons have their cell bodies in the 

nodose ganglia and project to the nucleus solitarius.137, 138  Spinal afferents have 

their cell bodies in the dorsal root ganglia and terminate in the spinal column and 

in the nucleus gracilis and cuneatus in the brainstem; from there, they project 

through the thalamus to primary sensory and insular cortical areas.139-141
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Figure 2.3.  The oesophagus and stomach and their relationship to the 
major thoracic and abdominal organs.

Figure 2.3
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Figure 2.4.  Coronal section through the thorax and upper abdomen 
demonstrating the relationship of the oesophagus to the trachea and major 
arterial vessels [adapted from Gray’s Anatomy (2005)113].

Figure 2.4
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1. Pulmonary trunk;  2. Wire in left aspect of transverse sinus;  3. Left phrenic nerve;  
4. Left pulmonary artery;  5. Left primary bronchus;  6. Left vagus nerve;  7. Thoracic 
duct;  8. Coronary sinus;  9. Body of T5;  10. Wire in right aspect of transverse sinus;  
11. Ascending aorta;  12. Superior vena cava;  13. Right phrenic nerve;  14. Right 
pulmonary artery;  15.  Lymph node;  16. Right primary bronchus;  17. Right vagus 
nerve;  18. Oesophagus;  19. Pleural recess;  20. Azygos vein;  21. Left 
brachiocephalic vein;  22. Left common carotid artery;  23. Left subclavian artery;  24.  
Left recurrent laryngeal nerve;  25. Left lung;  26. Manubrium;  27. Brachiocephalic 
artery;  28. Right brachiocephalic vein;  29. Trachea;  30. Right lung;  31. Body of T3.

Figure 2.5.  Transverse sections through the mediastinum at the level of T5 
(A) and T3 (B). [adapted from Gray’s Anatomy (2005)113]. 

Figure 2.5
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Figure 2.6.  The layers of the oesophageal wall  [From Hamilton (1976)132].

Figure 2.6



Oesophageal 
region

Boundaries Relations

Cervical Pharyngo-
oesophageal 
junction to 
suprasternal notch 
(4-5 cm)

Anterior: trachea

Posterior: vertebral column, longus colli 
muscle, prevertebral deep cervical 
fascia

Lateral: carotid arteries and sheaths, 
posterior part of thyroid gland, recurrent 
laryngeal nerves; thoracic duct (left)

Thoracic Suprasternal notch 
to diaphragmatic 
hiatus (12-21 cm)

Anterior: trachea, tracheal bifurcation, 
right pulmonary artery, left main stem 
bronchus, aortic arch, pericardium, 
diaphragm, recess of right plural sac

Posterior: longus colli, right posterior 
intercostal arteries, lower thoracic 
aorta, vertebral column, thoracic duct 
(T4-8), azygos vein (inferiorly)

Lateral: subclavian artery, aortic arch, 
thoracic aorta, thoracic duct (above T4) 
(left); azygos vein (superiorly), thoracic 
duct, (below T8) (right); pleura of lungs 
(bilateral)

Abdominal Diaphragmatic 
hiatus to cardiac 
orifice of stomach 
(1 cm)

Anterior: left lobe of liver, left vagus 
nerve

Posterior: left crus, left phrenic artery
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Table 2.2

Table 2.2.  Relations of the oesophagus.105, 113, 131



Oesophageal Layer Contents

Mucosa • Non-keratinized stratified squamous epithelium
• Lamina propria
• Muscularis mucosae (smooth muscle)

Submucosa • Oesophageal (mucous secreting) glands

Muscular layer • Inner, circular layer
• Outer, longitudinal layer

In the upper third of the oesophagus, the 
muscular layer comprises striated muscle; in 
the lower third, it is smooth muscle; the middle 
third represents gradual transition between the 
two.

Adventitia An external fibrous layer composed of loose 
connective tissue and containing small vessels, 
lymphatic channels and nerve fibres connecting 
the oesophagus to neighbouring structures. 
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Table 2.3

Table 2.3.  Histology of the oesophagus.130, 131



2.1.3   The diaphragm

The diaphragm is a dome-shaped, musculotendinous structure, which divides the 

thoracic and abdominal cavities; its convexity lies superiorly and rises as high as 

the fourth rib (Figure 2.7 137).131  It is composed of muscular and fibrotendinous 

parts: the muscular part of the diaphragm is peripheral and originates from the 

entire circumference of the inferior thoracic outlet, with attachments to the 

lumbar spine, ribs and sternum as well as to the central tendon, which functions 

as an aponeurosis.138 

The lumbar part of the diaphragm is the most powerful part; it is located either 

side of the lumbar spine, where it forms right and left crura.  These arise from the 

anterolateral surface of the lumbar vertebrae (the right crus from L1-L4, the left 

from Ll-L2 and sometimes L3) and the associated intervertebral disks (IVDs) and 

anterior longitudinal ligament (ALL); the right and left crura form the lateral 

borders of the aortic hiatus, which transmits the aorta, aortic plexus, and thoracic 

duct.  The posterior muscular part of the diaphragm arises from the crura and 

from the lumbocostal arches (arcuate ligaments).  The medial arch arcs over, and 

receives fibres from, the psoas major muscle; the lateral arcs over the quadratus 

lumborum (Figure 2.7 137).  In approximately 16% of cases, an inferior median 

arcuate ligament is also present.  The crura can be functionally subdivided into 

medial, intermediate and lateral portions, which participate in the formation of 

the oesophageal and aortic openings.124, 138 

The costal part of the muscular diaphragm originates from the inferior six ribs, 

alternating with the dentate insertions of the transverse abdominis muscle, and 

radiates into the aperneurosis of the central tendon.  In most cases, a triangular 

gap exists between the lumbar and costal parts.  More common on the left, the 
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lumbocostal triangle (Bochdalek’s gap) is usually closed only by means of 

pleura, peritoneum and fascia.124, 138 

The sternal part originates with small slips from the posterior layer of the rectus 

sheath and from the posterior surface of the xiphoid process, which insert into the 

central tendon.  A narrow gap exists bilaterally between the sternal and costal 

parts; these sternocostal triangles are traversed by the superior epigastric and 

lymphatic vessels.124, 138   

The tendinous part of the diaphragm is variously termed the central tendon, 

centrum tendineum, or Speculum Helmontii.  It has a trefoil shape with one 

anterior and two larger lateral leaves (Figure 2.8 142).  The vena cava pierces the 

tendon to the right of the midline through the caval opening and is firmly 

anchored in the foramen by means of connective tissue.  The pericardium is also 

firmly attached to the central tendon on its superior surface.  Lateral to the heart, 

the left and right domes of the diaphragm arise; usually, the right dome is higher 

by approximately one intercostal space.131, 138 

The diaphragm is subject to considerable anatomical variation.  Its costal origins 

may extend from the sixth or even the fifth rib, whilst the attachments to the 

twelfth rib and/or the lateral lumbocostal arch may be absent.  The sternal portion 

of the diaphragm can also be missing.129

Various detached or aberrant bundles of muscle fibres have also been described, 

although these are less common.  Most frequently, detached bundles of muscle 

fibres are found in the tendinous centre, located on the surface or between the 

layers of the aponeurosis.  From the medial borders of the crura that define the 

oesophageal foramen, bands of fascia containing muscle fibres may be joined to 

the oesophagus.129  The precise location of the diaphragm is variable, depending 
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on the extent and phase of inhalation or exhalation; age and sex; posture; 

intestinal distention; and general constitution of a particular individual.  

The diaphragm is the primary muscle of respiration.  During light inspiration, the 

two domes of the diaphragm flatten to some extent, whilst the central tendon 

remains almost stationary; during deeper inspiration, the peripheral parts of the 

diaphragm unwrap from the lateral walls of the chest by contraction, widening 

the costodiaphragmatic recesses, which are entered, but not completely filled, by 

the expanding lungs.131, 138 

The superior diaphragm is supplied by the pericardiacophrenic artery, 

musculophrenic artery and superior phrenic arteries; small, direct branches from 

the aorta vascularize the posterior area.  The inferior aspect is supplied by the 

much larger inferior phrenic arteries, which branch off either directly from the 

aorta or from the coeliac trunk and are the major arterial supplier of the 

diaphragm.  The phrenic veins follow the course of the arteries on the inferior 

surface of the diaphragm.  The left phrenic vein is often double, with branches 

draining into the inferior vena cava and left renal vein; the right vein drains into 

the inferior vena cava.128, 138

Both the inferior and superior diaphragmatic surfaces are richly imbued with 

networks of interconnecting lymphatic vessels.  The anterior group of lymph 

nodes is located behind the base of the xiphoid process of the sternum and drains 

to the parasternal nodes.  The lateral groups are located at the point of entrance of 

the right and left phrenic nerve to the diaphragm, close to the pericardium, and 

drain into the lymph nodes of the posterior mediastinum.  The posterior group is 

located behind the diaphragmatic crura and drains to the lateral aortic and 

posterior mediastinal lymph nodes.  The lymphatic drainage system of the 
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diaphragm has a major role in the absorption of material from the peritoneal 

cavity.143, 144

The phrenic nerve is the largest and most important branch of the cervical plexus 

and contains motor, sensory and sympathetic fibres (Figure 2.9 145).  It arises 

principally from the anterior primary ramus of the fourth cervical nerve, which 

exits through the C3/4 intervertebral foramen; however, it can also receive 

contributions from the third and fifth cervical nerves.138

 
From its origin near the lateral border of the anterior scalene muscle, it passes 

down the muscle and passes deep to the sterniocleidomastoid muscle and inferior 

belly of the omohyoid muscle, posterolateral to the jugular vein.  The nerve is 

crossed by the transverse cervical and suprascapular arteries and leaves the neck 

by passing in front of the subclavian artery.  The nerve then transcends the thorax 

and is covered by the mediastinal pleura, passing in front of the root of the lung 

and lying anterior to the vagus nerve.138 

The path of the right, predominantly motor, phrenic nerve is closely related to the 

superior and inferior vena cava and lies immediately to the right surface of the 

pericardium, the lining of the heart.  It pierces the diaphragm with the vena cava 

and supplies the right hemidiaphragm from its inferior side.  It also provides 

sensory branches to the mediastinal pleura and the pericardium.128, 138 

On the left side, the phrenic nerve enters immediately lateral to the left border of 

the heart and in front of the central tendon into the muscular part of the 

diaphragm.  This nerve extends through the oesophageal hiatus to the peritoneum 

and some upper abdominal organs.  Sensory branches of the phrenic nerves also 

supply the abdominal organs and parts of the peritoneum.124, 138 
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The intradiaphragmatic branching of the phrenic nerves is variable; however, 

both nerves most commonly terminate in four motor branches: the sternal branch 

extends anteromedially in the direction of the sternum; the anterolateral branch 

extends to the lateral leaf of the central tendon; the posterolateral branch extends 

to the lateral leaf of the central tendon; the posterior branch arises from the 

posterolateral branch and extends dorsomedially to the region of the 

diaphragmatic crura.128, 145 

The contribution of the C5 root to diaphragmatic innervation may be derived 

from an accessory phrenic nerve; frequently, it is a branch of the nerve to the 

subclavius.  The incidence of an accessory phrenic nerve is variable: Nayak, 

Krishnamurthy, Prabhu et al.146, in their comprehensive 2008 review, found the 

reported incidence to vary from 18% to 81%; their own cadaveric dissection of 

45 specimens revealed a 53% unilateral and 24% bilateral incidence. Although 

Bergman, Afifi and Miyauchi 147 quote a higher incidence of 75%, they fail to 

differentiate between unilateral and bilateral cases and lack specificity in the 

methodology used to determine their figure.  When present, the accessory phrenic 

nerve lies lateral to the main nerve and descends posterior (occasionally anterior) 

to the subclavian vein.  The accessory phrenic nerve usually joins the phrenic 

nerve near the first rib but can run independently to the pulmonary hilum or 

beyond.145-147
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Figure 2.7

Figure 2.7.  Diaphragm and its relations viewed from the front [from 
Moore (1976)137].
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Figure 2.8

Figure 2.8.  The inferior (abdominal) surface of the diaphragm [from 
Gray’s Anatomy (1967)142].
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Figure 2.9

Figure 2.9.  The cervical plexus and the phrenic nerve [from Gray’s 
Anatomy (2005)145].
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2.1.4   The lower oesophageal sphincter

The oesophageal hiatus is located at the level of T10 on the left of the midline, 

anterior to the passage of the aorta.  Its anterior and lateral margins are formed by 

the diaphragmatic crura; the posterior margin by the median arcuate ligament 

(Figure 2.7).  There is no true sphincter in the oesophagus at the point where it 

traverses the hiatus, although the muscular layer does thicken very slightly at this 

point; instead, a double mechanism exists to counter the difference in gastric and 

oesophageal pressures.113, 124, 148

The first of these is related to the intrinsic structure of the oesophagus; the  

smooth muscle of the distal organ responds to neurological and hormonal 

command and is maintained under tonic contraction, except when swallowing or 

vomiting.  The second is mediated by the crura of the diaphragm, which 

constitute a second, extrinsic sphincter that gives rise to a zone of high pressure 

in the terminal oesophagus, first identified in 1950 by Allison.149  Also of 

importance are the postural implications associated with the sloping position of 

the fundus.113, 150  

The GOJ is subjected to a dynamic conflict between the respiratory movements 

of the diaphragm and the peristaltic movements of the oesophagus secondary to 

swallowing.  This implies the existence of a gliding mechanism between the 

oesophagus and the crura of the diaphragm.  There is also a conflict of pressure 

between the positive pressure of the abdominal cavity and the negative pressure 

of the thoracic cavity; this pressure gradient predisposes to ascent of gastric 

fluids toward the oesophagus.  It also tends to displacement of the cardia through 

the diaphragmatic orifice.148, 151
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As described in Section 2.1.3, the crura are each divided into three parts; 

however, it is only the medial part that is involved in the formation of the LOS.  

This part comprises two main medial bundles, which are in direct contact with 

the oesophagus, and two lateral accessory bundles.  Whilst the left and right 

accessory bundles arise from the left and right crus respectively, in 80% of cases 

the two main bundles typically derive from the stronger tendon of the right crus 

(Figure 2.10 150).124, 150  In 15% of cases, the left crus contributes the right main 

bundle and vice versa.  In both cases the main bundles meet anteriorly to form a 

loop around the oesophageal hiatus.  Some nine reported variations make up the 

remaining 5% of cases.152, 153

Shafik, El-Sibai and Shafik 154 have provided electrophysiological studies to 

suggest that the muscle fibres surrounding the lower oesophagus are a separate 

muscle, which is not derived from the diaphragmatic crura; they term the muscle 

the striated gastro-oesophageal sphincter and note its reflexive contraction on 

gastric distension and its relaxation on oesophageal distension.155  They also 

suggest these responses are mediated through excitatory gastrocrural and 

inhibitory oesophagocrural reflexes respectively.155

Under normal circumstances, the oesophagus is anchored to the diaphragm by 

the phreno-oesophageal ligaments, also commonly termed the phreno-

oesophageal membrane.  This elastic structure is formed from the fascia 

transversalis on the undersurface of the diaphragm and, to a lesser extent, fused 

elements of the endothoracic fascia; it inserts circumferentially into the 

oesophageal musculature and extends for about a centimetre above the GOJ, at 

which point it thins and merges with the perivisceral fascia of the oesophagus.156 

The arterial supply to the crura is from the inferior phrenic arteries, which are 

highly variable in their origin although most commonly arise from a common 
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trunk off the aorta.157  The right artery travels on the right lateral bundle at a 

distance from the free margin of the crus; the left inferior phrenic artery is more 

medial, travelling between the main and accessory bundles.138  Supplementary 

phrenic vessels are also common; the venous and lymphatic drainage are 

intrinsic to the diaphragm and oesophagus.158
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Figure 2.10

25/04/2010 00:05ScienceDirect - Surgical Clinics of North America : FUNCTIONAL ANATOMY OF THE GASTROESOPHAGEAL JUNCTION

Page 3 of 18http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B75M…ersion=0&_userid=10&md5=4b3503ae8716db83563e7defb96229e5#bib2

 

Figure 2. Arrangement of crura. The right crus of the diaphragm gives off the fibers that

form a true muscular channel for the passage of the esophagus. Main right bundle (1).

Left main bundle (2). Right accessory bundle (3). Left accessory bundle (4).

The vascularization of the crura and the muscle fibers emerging from them is supplied by

the inferior phrenic arteries. The relations of these arteries are different on the right and

left sides (Fig. 3). The right phrenic artery is lateralized. It travels on the right lateral

bundle at a distance from the free margin of the crus and passes toward the right border

of the caval foramen. The artery of the left side is more medial. It travels in the interval

separating the main and accessory bundles. It is close to the free margin of the crus and

is at risk for injury during surgical suturing of the crura. In many cases, this left inferior

phrenic artery gives off a posterior cardiofundal branch that must be identified during

dissection of the hiatus.

Figure 2.10.  Classic arrangement of the medial portion of the crura in 
forming the oesophageal hiatus [from Delattre et al. (2000) 150].
 Key: 1. Main right bundle; 2. Left main bundle; 3. Right accessory bundle; 4. Left 
accessory bundle. 



2.1.5   The stomach

The stomach is primarily a storage receptacle, which allows food to be ingested 

in bulk without putting undue strain on the small intestine, where the majority of 

digestion takes place; the breaking down of proteins does however start in the 

stomach.  Running from the LOS to the pyloric sphincter, a true, closing 

muscular ring, the stomach consists of three parts: the fundus, the body and the 

antrum (Figure 1.1).58, 159

The greater curvature of the stomach is attached to the greater omentum, which 

runs to the posterior abdominal wall; the lesser omentum runs from the lesser 

curvature of the stomach to the liver.  In front of the stomach lies the liver, the 

abdominal wall and the diaphragm; behind lies the left crus of the diaphragm, 

pancreas, left kidney, left suprarenal (adrenal) gland, transverse colon and spleen.  

The form and position of the stomach is, however, variable and depends on 

satiety, posture and individual build.123, 159

The gastric wall comprises the same basic structure as the oesophagus: mucosa, 

submucosa, muscular layer and adventitia (serosa) (Table 2.4 123, 158).  The 

epithelial lining of the stomach is formed by a layer of simple, mucus secreting 

columnar cells; this mucus protects and lubricates the gastric lumen.  The 

epithelium also contains numerous V-shaped pits (foveolae), which are supplied 

by up to seven gastric glands that extend into the lamina propria.123, 160 

At least four different cell types have been identified in the walls of the glands 

(Table 2.5 58, 123, 130).  These vary considerably in distribution in the different 

gastric areas: in the cardiac area, next to the GOJ, mucous cells predominate.  

There is a clear and abrupt delineation between gastric and oesophageal epithelia 

at the GOJ.58, 123, 130
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The submucosa contains the arteries, veins, lymphatics and nerves, which divide 

before entering the mucous membrane.  The arterial supply of the stomach 

comes from three branches of the coeliac artery: the left gastric, hepatic and 

splenic arteries, which give off variable anastomosing and terminal branches 

(Figure 2.11 58).159, 161-165  The venous system follows the arterial vessels and 

drains, directly or indirectly, into the portal system; in the cardia, they 

anastomose with the gastric veins.58, 159

The lymphatics from the upper area of the stomach drain towards the LOS, the 

lower towards the pylorus.  Most of the gastric lymph nodes drain, lie along, and 

are named for the corresponding arteries.58, 123

The innervation of the stomach is complex; in addition to sympathetic and 

parasympathetic components, a third element has been identified in the gut – the 

peptidergic system, which is neither cholinergic nor adrenergic but releases a 

purine nucleotide as its active substance.123, 166 

The parasympathetic nerve supply to the stomach arises from the anterior and 

posterior vagal trunks and their branches; afferent fibres are also present in the 

vagi (Figure 2.12 58).58  The anterior vagus nerve enters the abdominal cavity 

through the oesophageal hiatus in the diaphragm.  It is derived mainly from the 

left vagus nerve but also includes fibres from the right vagus and some 

sympathetic fibres from the splanchnic nerves.  Although usually single, it may 

be divided into multiple trunks.  After giving off branches to the distal 

oesophagus and cardia, the anterior trunk usually divides into three main 

branches: the nerves to the upper part of the lesser curvature; the nerves to the 

superior pylorus and proximal duodenum, which arise from the vagal supply to 

the liver and descend in the lesser omentum; and vagal filaments from the hepatic 
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branches, which accompany the sympathetic nerves along the right 

gastroepiploic artery and provide vagal fibres to the inferior pylorus.159, 167, 168

The posterior vagus enters the abdomen posterior to the oesophagus and is 

mainly derived from the right vagus nerve.  It divides into two main branches: 

the coeliac and the posterior gastric, and innervates the posterior gastric area as 

far as the incisura angularis.58, 168

Preganglionic sympathetic fibres arise from the thoracic spine and travel to the 

coeliac ganglia via the splanchnic nerves; the efferent fibres emerging from the 

coeliac ganglia are postganglionic.  Afferent visceral fibres from the stomach 

travel the same course in reverse, to ganglion cells in the posterior spinal nerve 

roots; however, these do not synapse in the sympathetic ganglia.58, 169

The gastric branches of the coeliac plexus accompany the stomach’s arterial 

supply.  Besides those that accompany the splenic, right gastric and 

gastroepiploic vessels, fibres from the coeliac plexus also accompany the left 

inferior phrenic artery, pass anterior to the lower oesophagus and communicate 

with the anterior vagus before being distributed to the cardia and fornix.  Other 

fibres travel with the left gastric artery and divide into three groups: 

• Those passing through the lesser omentum towards the porta 

hepatis; these communicate with hepatic branches of the anterior 

vagal trunk. 

• Those passing with the main branch of the left gastric artery along 

the lesser curvature to supply the anterior and posterior surfaces of 

the body of the stomach and antrum.
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• Those passing with the oesophageal and superior branches of the 

left gastric artery to the cardia and proximal part of the body of the 

stomach; these communicate with branches of the anterior and 

posterior vagal trunks.58, 123, 157, 160

Peptidergic cells are termed ‘APUD cells’ because they synthesize monoamines 

through Amine Precursor Uptake and Decarboxylation; they are also referred to 

as neuroendocrine cells.  A number of biologically active peptides have been 

detected in these gut cells; these include gastrin, vasoactive intestinal peptide 

(VIP), somatostatin, enkephalin, neurotensin and substance P.123, 166

Some of these monoamines are endocrine, being released into the circulation and 

producing their biological effects in distant target organs; others are paracrine, 

acting locally near their site of origin; whilst other are neurocrine, functioning as 

neurotransmitters.123, 166
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Figure 2.11

Figure 2.11.  The arterial supply to the stomach [from Gray’s Anatomy 

(2005)58].
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Figure 2.12

Fig 2.12.  Distribution of the vagal nerves to the stomach [from Gray’s 

Anatomy (2005)58].



Stomach Layer Contents

Mucosa • Epithelium
• Lamina propria
• Muscularis mucosae (smooth muscle)

Submucosa A layer of loose areolar tissue with some elastic 
fibres, it is rich in mast cells, macrophages, 
lymphocytes, eosinophilic leucocytes and plasma 
cells. It contains arteries, veins, lymphatics and 
nerve plexi

Muscular layer • Inner, oblique layer
• Intermediate, circular layer
• External, longitudinal layer

All three layers are composed of smooth muscle, 
in the distal stomach the inner fibres thin and 
vanish

Serous coat Formed by the peritoneum
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Table 2.4

Table 2.4.  The layers of the stomach.123, 160



Cell type Secretion

Mucous Mucus

Parietal     Hydrochloric acid, intrinsic factor

Chief Pepsin, lipase

Neuroendocrine     G cells: gastrin
    D cells: somatostatin
    ECL cells: histamine
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Table 2.5.  The types of cell found in the walls of stomach glands.58, 123, 130

Table 2.5



2.1.6   The psoas muscle

The fusiform psoas major muscle arises from the distal six vertebrae and passes 

anteroinferiorly across the ilium, where it merges with fibres of the iliacus 

muscle 170 then passes under the inguinal ligament and inserts into the lesser 

trochanter of the femur, acting to flex the hip (Figure 2.7).137

The vertebral origins are complicated and comprise:

•  The annular fibres of the intervertebral discs from T12-L5;

•  The adjacent borders of the vertebrae;

•  The membranous arches on the side of the five lumbar vertebrae;

•  The anterior surfaces and lower borders of the transverse processes 

of the lumbar vertebrae (Figure 2.13 137).137, 171

Although the lumbar attachments may vary, the only common anomaly is the 

lack of attachment to the fifth lumbar vertebra.172

The lumbar nerve roots emerge from between the anterior (L1-3) and posterior 

(L4) masses of the muscle; the roots of the lumbar plexus therefore enter the 

muscle directly between the two masses whilst the plexus itself is lodged within 

it and the branches emerge from the surface and the borders of the psoas.171, 173

 

Anteriorly, the muscle is covered with fascia that is continuous medially with the 

muscle’s attachment to the lumbar vertebrae; it also attaches to the pelvic brim. 

Laterally, the fascia fuses with that of the adjacent quadratus lumborum and 

iliacus muscles.  The upper edge of the fascia forms the medial lumbocostal arch, 

which attaches medially to the side of the of the first or second lumbar vertebra 
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and laterally to the first lumbar transverse process; the diaphragm attaches to this 

arch.137, 171

One reported anomaly of the psoas is the attachment of a band of fibres springing 

from the medial lumbocostal arch and/or the right crus; there is insufficient data 

to comment on the incidence of this anomaly, which has implications for both 

diaphragmatic and LOS function.172, 174

The nerve supply to the psoas muscle is predominantly from L2 with variable 

contributions from L1 and L3 173, 175; the vascular supply is from a network of 

arteries arising from the femoral, external iliac, obturator, iliolumbar and lumbar 

arteries.173  

The majority of the population (60%) also possess a psoas minor muscle (Figure 

2.14 137), which lies immediately lateral to the larger muscle.  It originates at the 

T12/L1 intervertebral disc and the adjacent vertebral margins and inserts into the 

iliopubic eminence; it appears to be a regressive remnant of a spinal extensor 

muscle in quadrupedal mammals.137  The muscle is supplied by the first lumbar 

nerve and by the lumbar arteries.173
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Figure 2.13

Figure 2.13.  The attachment of the psoas and adjacent lumbopelvic 
muscles [from Hamilton (1978)137].



  Chapter 2! ! page 96

PHD Thesis: YOUNG, MF (2010)

Figure 2.14

Figure 2.14.  The psoas minor muscle and its relationship to the other 
major extrinsic lumbar muscles [from Hamilton (1978)137].



2.2   Digestion

2.2.1   Ingestion

The first phase of digestion is swallowing, which involves both voluntary and 

involuntary actions.  The oral phase of swallowing, which is entirely voluntary, 

comprises four parts: First, the food entering the mouth is moistened by saliva 

from the salivary glands.  The neurological control for this is parasympathetic by 

way of the facial (cranial VII) and glossopharyngeal (IX) nerves.176, 177 

Food is next broken down by the mechanical action of the teeth, controlled by 

the muscles of mastication (trigeminal mandibular division, V.3). This results in 

the formation of a bolus, which is moved around the mouth by the tongue (vagus, 

X and hypoglossal, XII).  The buccinator muscle (VII) helps manoeuvre the food 

against the occlusal surfaces of the teeth.176, 178 

When the bolus is sufficiently moist and congruent, trough formation occurs at 

the posterior aspect of the tongue (XII), forcing the bolus to the back of the 

tongue, which is then elevated to the roof of the mouth by the myloid (V.3), 

genioglossus, styloglossus and hyoglossus muscles (XII).176, 178  

The bolus is next moved posteriorly along the palate into the oesophageal 

passage.  The mylohyoid (V.3) lifts the tongue and the styloglossus (XII) retracts 

it.  The palatoglossal arches are opened by relaxation of the palatoglossus muscle 

(IX, X).176, 178, 179

Once the bolus reaches the oropharynx at the palatoglossal arch, the involuntary 

pharyngeal phase commences.  The reflex is initiated by proprioceptive 
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neurons, which are scattered over the posterior pharyngeal wall; the tonsillar 

fossa; the palatoglossal and palatopharyngeal arches; the posterior tongue; and 

the uvula.  The reflex is mediated by afferent neurons arising from the IXth 

cranial nerve and efferents from cranial nerves IX and X, via the pharyngeal 

plexus.  The pharynx prepares to receive the bolus by moving anteriorly and 

superiorly; this is effected by the suprahyoid muscle (IX) working in conjunction 

with the longitudinal pharyngeal muscles (IX, X).178-180 

In order for food to pass through the pharynx, the larynx and nasopharynx must 

be closed and conflicting activities – chewing, vomiting, coughing and breathing 

– are inhibited. 178-180  Closure of the nasopharynx is achieved by contraction of 

the tensor palati (V.3) and levator palati muscles (IX, X); the glossopharyngeal 

and vagus nerves also supply the palatopharyngeus and superior constrictor 

muscles, which simultaneously approximate the walls of the pharynx to the 

posterior free border of the soft palate.  Closure of the oropharynx is achieved 

by palatoglossus (IX, X) and by styloglossus and the intrinsic muscles of tongue 

(XII).176, 178, 179

Laryngeal closure prevents aspiration during swallowing and is achieved by 

adduction of the vocal cords, effected by the lateral cricoaretynoids and the 

oblique and transverse aretynoids (X).  Retroversion of the epiglottis also helps 

prevent the bolus from reaching the vocal cords.  The larynx is also elevated, 

both as a consequence of pharyngeal elevation but also due to contraction of the 

digastric (V, VII) and stylohyoid (VII) muscles, which act on the hyoid bone. 

Pharyngeal peristalsis then moves the bolus towards the oesophagus; this is 

mediated by sequential contraction of the superior, middle and inferior 

pharyngeal constrictor muscles (IX, X).179-181
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The oesophageal phase of swallowing is also a reflexive process; however, 

propagation of the bolus is significantly slower than in the pharynx and takes 

several seconds to reach the LOS.  This is mediated by two types of oesophageal 

peristalsis: primary peristalsis is a continuation of the pharyngeal peristaltic 

wave, which passes down to the stomach in approximately 8-10 s; this is effected 

by both the proximal striated and distal smooth muscle (X).  The accelerative 

effect of gravity usually means that the stomach receives the bolus of food in 

advance of the peristaltic wave; however, if food remains in the oesophagus after 

the wave has passed, the residual distention triggers secondary peristalsis, which 

continues until all the food has passed through the LOS.  These secondary waves 

are mediated in part by vagal afferents and efferents but also by local reflexes 

caused by excitation of the distal myenteric plexi.132, 176, 182

Relaxation of the LOS is an integral part of primary peristalsis: the waves cause 

relaxation in the smooth muscle of the LOS, which allows passage of the bolus 

into the stomach; however, LOS relaxation may also be triggered by pharyngeal 

peristalsis alone, without the presence of oesophageal waves.183  It may occur in 

isolation without associated pharyngeal or oesophageal peristalsis; one 

mechanism for this appears to be stimulation of gastric vagal afferents, 

particularly those arising from the stomach.184  This isolated LOS relaxation does 

not appear to be part of the ingestion process; rather, it forms a part of the belch 

reflex and may also be the aetiology of spontaneous transient LOS relaxations 

(tLOSRs), which are closely associated with GORD and are discussed further in 

Section 3.2.2.185
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2.2.2   Acid defence

The human alimentary tract possesses three main lines of defence against 

oesophageal damage from gastric refluxate (Table 2.6 186-190).  The first of these is 

the GOJ, which comprises the LOS (consisting of both oesophageal and crural 

elements) and the gastric sling (Figure 2.15 186).  Working in combination, these 

three structures regulate the exchange of contents between the oesophagus and 

the stomach, ensuring that food passes into the stomach, that gases generated by 

the proximal digestive processes escape and that reflux is minimized.153, 186, 191

The LOS and its augmentation by the crural diaphragm has already been 

described in some detail in Section 2.1.4; the gastric sling, first described in 

1979 by Liebermann-Meffert, Allgower, Schmid et al.192, is formed by oblique 

smooth muscles at the gastric side of the GOJ and consists of clasp fibres on the 

lesser curvature side and more predominant sling fibres on the greater curvature.  

Their precise contribution to overall sphincter competence is unknown; however, 

the increased zone of high pressure associated with the GOJ has been confirmed 

as including this area of the proximal stomach and, therefore, it appears to have 

more than a hypothetical physiological relevance.193

The angulation of the GOJ is also a physiological consideration in the defence 

against refluxate damage.  The acute angle between the oesophagus and cardia, 

known as the angle of His, forms a functional valve.  This valve is undeveloped 

in infancy, wherein the oesophagus makes a more vertically orientated junction 

with the stomach and reflux of stomach contents is common.194  Delattre, Avisse, 

Marcus et al.150 also propose the existence of an accessory mucosal component to 

this valve, which they term Goubarov’s valve, formed by folds in the mucosa, 

first described by Botha in 1958.195  Functionally, the angle of His and any 
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hypothetical valve can only play a part in competence during decubitus but helps 

explain why dorsal and left decubitus are often relieving positions for patients 

with functional heartburn.150 

The second line of defence is provided by the physiology of the oesophagus 

itself, and is facilitated by at least two means.  Efficient oesophageal clearance 

constitutes the main defence against oesophageal damage, removing any noxious 

refluxate as quickly as possible.  This is primarily achieved by oesophageal 

peristalsis, which can remove up to 90% of any noxious reflux.196  There is also a 

secondary biochemical element to clearance: ingested salivary bicarbonate acts to 

normalize the pH.197, 198

Finally, the oesophagus also has inherent resistance to refluxate, working at 

three levels.  Although the oesophagus, unlike the stomach and duodenum, does 

not have a well-defined mucous layer, there are both simple mucous glands and 

compound mucus glands present in the organ.  The former are predominantly 

located in the proximal oesophagus and appear to have a purely lubricating role; 

the latter are found with increasing concentration around the GOJ and secrete 

small amounts of bicarbonate, which adds to that present in saliva to form some 

minor degree of pre-epithelial protection.189, 199

The oesophageal epithelium also provides a line of defence, effected by the 

phosopholipid bilayer squamous cell membrane, which acts as a physical barrier 

to penetration of the mucosa by repelling hydrogen ions.190  The epithelial cell 

membranes also contain ion pumps that have, in rabbits, been shown to remove 

intracellular acid.187 

The rich blood supply of the post-epithelial layer also provides a mechanism of 

defence, its capillary network containing bicarbonate ions that serve to buffer any 
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penetrating acid.  Blood flow increases in response to acid insult of the 

oesophageal lumen, increasing tissue oxygenation; delivering phagocytic cells 

and inflammatory mediators; and providing a route for disposal of noxious 

products.200
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showed that individuals with reflux oesophagitis
(n = 51) had significantly more and longer DGER epi-
sodes than those with GERD but no oesophagitis
(n = 44).19 These studies suggest synergy between acid
reflux and DGER, but it is still unclear whether DGER
alone can cause oesophagitis. Recent in vitro studies
provide evidence that bile acids in combination with
low pH induce oxidative stress in Barrett’s oesophagus,
which may cause oxidative damage and contribute to
the development of oesophageal adenocarcinoma.20

Whilst acid reflux is responsible for the majority of
symptomatic reflux episodes, non-acid and weakly
acidic refluxate can also cause symptoms. In partic-
ular, they appear to be at least partly responsible for
persistent symptoms in some patients treated with
PPIs.21, 22 This may be linked to the findings of a
study in healthy subjects where PPI treatment reduced
the acidity of refluxate, but had no effect on the num-
ber or duration of reflux events.23 The presence of
symptoms in these patients may be related to the
proximal extent reached by the refluxate. A recent
study found that in patients with symptoms of GERD
with physiological acid exposure, a significantly
greater number of reflux episodes reached the prox-
imal oesophagus than in controls without symptoms.24

Non-acid components may also play a role. One study
of patients with persistent reflux symptoms, whilst on
PPI therapy found that in the majority of patients
(65%) the refluxate contained bile, whilst only 37% of
patients had pathological acid exposure.25

Extent and volume of refluxate

Besides the constituents of the refluxate, symptom per-
ception and mucosal damage also appear to be linked
to the patterns of oesophageal exposure and the vol-
ume of the refluxate. Individuals are more likely to
perceive a reflux event if the refluxate has a high
proximal extent up the oesophagus and a large vol-
ume.10 The proximal extent of acid refluxate is greater
in patients with oesophagitis than in healthy individu-
als, and this distance is related to the severity of
oesophagitis.26 The further the distance travelled up
the oesophagus by the refluxate and the greater the
volume, the longer acid is likely to be in contact with
oesophageal mucosa. Increased acid contact times are
known to be associated with the presence and severity
of oesophagitis.9 The volume and proximal extent of
refluxate are thought to be dependent on characteris-
tics of the gastric contents, the competence of the GEJ,
physical properties of the refluxate and the resistance
opposed by gravity or peristalsis in the oesophagus.27

The gastro-oesophageal junction

The first line of defence against refluxate is the GEJ,
which comprises the LES, crural diaphragm and the
gastric sling (Figure 1). Together these structures regu-
late the exchange of contents between the stomach
and the oesophagus, ensuring that food progresses into
the stomach and gas escapes, whilst minimizing reflux

Figure 1. The gastro-oesopha-
geal junction is a complex
organization of co-operating
and opposing muscles.

REVIEW: PATHOPHYSIOLOGY OF GASTRO-OESOPHAGEAL REFLUX DISEASE 151

ª 2007 The Author, Aliment Pharmacol Ther 26, 149–160

Journal compilation ª 2007 Blackwell Publishing Ltd

Figure 2.15. The physiological components contributing to the sphincter 
mechanisms of the gastro-oesophageal junction [from Boeckxstaens 
(2007)186].

Figure 2.15



Type of Defence Components of 
Defence

Physiological Action

Gastro-oesophageal 
junction (GOJ)

Lower gastro-
oesophageal sphincter

Crural diaphragm

Gastric sling

Co-operative, inter-
related intrinsic and 
extrinsic muscular 
contraction to produce 
area of high pressure 
within the GOJ

Oesophagus Clearance Reflex peristaltic action

Biochemical buffering 
from ingested saliva

Inherent resistance Pre-epithelial mucosal 
secretions

Epithelial hydrophobic 
phospholipid bilayer

Post-epithelial buffering 
and inflammatory 
mediation

Stomach Clearance Removal of potential 
refluxate

Reduction of gastric 
distension
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Table 2.6.  The physiological mechanisms of anti-acid oesophageal 
defence.186-190

Table 2.6
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3.1.1   Introduction

Heartburn, reflux and dyspepsia are all symptoms of gastrointestinal dysfunction 

rather than disease processes in their own right.  It is therefore important, starting 

with the historically underconsidered oesophagus, to understand the structures 

that can give rise to these findings and the circumstances and mechanisms 

through which symptomatic pathophysiology can arise.
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3.1   The Oesophagus



3.1.2   Oesophageal spasm

As detailed in section 2.2.1, food is moved from the pharynx to the stomach by a 

combination of gravitational force and peristaltic contractions.  In the 

oesophagus, these can be related to the distal spread of the peristaltic wave from 

the pharynx; they can also relate to secondary peristaltic waves, which are 

triggered by the activation of local myenteric stretch receptors in response to the 

presence of a residual bolus of food.  The LOS can also undergo independent 

peristaltic opening in response to activation from gastric and duodenal vagal 

afferents.166, 184, 185

It naturally follows that aberrant muscular contraction can be a source of pain, as 

it is elsewhere in both striated and smooth muscle.  Oesophageal myospasm is 

now widely recognized as a cause of retrosternal pain201; however, its frequency 

and aetiology are both incompletely understood. Although Tutuian and Castell 202 

regard it as being uncommon, Katz, Dalton and Richter 203 had previously 

reported an incidence of 28% in non-cardiac chest pain patients; this compares 

with an incidence of 6.3% reported by Katada, Hinder, Hinder et al.204 from 

1,300 routine manometric studies.  Almost half (48%) of Katz’s patients were 

diagnosed with nutcracker oesophagus, in which average peristaltic 

contractions exceed 180 mmHg, compared to just 4% of Katada’s; however, the 

study populations had different selection criteria.

Other distinct hypercontractile oesophageal motility disorders have also been 

recognized.  These include hypertensive lower oesophageal sphincter (hLOS), 

which has an incidence variously reported between 1% and 14% 205-208 and 

commonly presents with chest pain (51%-100%).  There is also commonly co-
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morbidity, not only with conditions such as dysphagia and achalasia but between 

hLOS and GORD (19%-23%).202, 204, 209  

There is also significant co-morbidity with a third form of oesophageal spasm: 

diffuse oesophageal spasm (DOS), which Tutuian and Castell 202, 210 prefer to 

term distal oesophageal spasm because of its apparent association with the 

smooth muscle predominant in the lower third of the oesophagus.  This condition 

is only really differentiated from nutcracker oesophagus by the contractile force 

of the peristaltic wave, which is less than 180 mmHg and, in order to qualify as a 

spasm, above 30 mmHg.211, 212  The prevalence of DOS is probably less than 

10% of patients with chest pain, and was 3%-4% in a series of unselected 

patients undergoing oesophageal manometry.203, 213

At present, the limited evidence as to the aetiology of oesophageal spasm points 

to altered endogenous nitric oxide (NO) synthesis and/or degradation.  Animal 

studies have demonstrated increased peristaltic speed and decreased amplitude 

and LOS relaxation on administration either of NO scavenger human 

recombinant haemoglobin (rHb), which binds to NO and inactivates it or of 

nitroarginine (Nω-nitro-L-arginine).214-216  These studies’ results were only partly 

replicated in human subjects in two small (n < 10) studies217, 218; however, 

sufficient effect was noted for the authors to conclude that considerable support 

existed for the hypothesis that NO plays an important role in maintaining 

oesophageal peristalsis.  These findings were consistent with the prior 

observations that nitrates provide some benefit in the treatment of patients with 

oesophageal spasm.219, 220

Although there is no direct evidence that spasm in the accessory bands of 

muscles connecting the oesophagus to the left primary bronchus and posterior 

pericardium (described in Section 2.1.2) is a source of retrosternal pain, there are 
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intriguing, isolated observational reports of unexplained bronchospasm in 

association with oesophageal provocation 221-224 and one study demonstrating 

reciprocal oesophageal spasm and cardiac spasm.225

As a counterpoint to the pain caused by oesophageal spasm, it is also worth 

considering that a lack of muscular contractility can also contribute to symptoms 

of heartburn.  The role of oesophageal peristalsis in gastric clearance, and the 

importance of rapid clearance as a first line of oesophageal defence again 

noxious refluxate is discussed in Section 2.2.2.  It therefore follows that, if this 

clearance time is increased, the risk of injury is increased and such a delay has 

been demonstrated in patients with GORD.212, 226-228  In particular, Eriksen, 

Cullen, Sutton et al.229 showed that 50% of ENGORD patients have abnormal 

oesophageal motility causing substantial clearance delay; however, there does not 

appear to be any difference in the severity of dysmotility between ENGORD and 

ERD patients.230  Whether the delay in oesophageal clearance is a cause of acid 

injury or a consequence remains unclear.231
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3.1.3.   Oesophageal nociception

It has been suggested that heartburn might arise as a consequence of heightened 

afferent responses to acid or from the abnormal processing of these responses.  

Whilst it is generally accepted that oesophageal nociception is mediated by spinal 

sensory nerves 113, there is now some evidence that vagal sensory afferentation 

also mediates autonomous responses to painful stimuli.  Nociception appears to 

be stimulated by the selective activation of mast cells by adenosine causing the 

release of inflammatory mediators in the oesophagus 232, 233; changes in 

oesophageal innervation in the oesophagus could potentially contribute to a 

reduced pain threshold in patients suffering from GORD.

There is also evidence of central mediation with hyperexcitability of spinal cord 

sensory neurones following oesophageal exposure to acid leading to 

hypersensitivity.234  Evoked cortical potentials in subjects with symptoms of 

heartburn are significantly greater than in controls.  This supports the 

involvement of visceral neural pathways and/or cortical processing in 

oesophageal hypersensitivity 235, although this hypersensitivity is only found in a 

minority of patients and appears to be more prevalent in patients without the 

overt signs of ERD.236-241 

Boeckxstans 186 suggests that the probable cause of this hypersensitivity may 

well involve components of impaired mucosal defence and oesophageal 

myospasm as well as visceral neural pathway dysfunction.
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3.2.1   Lower oesophageal pressure 

The presence of a zone of high pressure at the lower oesophagus was first 

identified by Code, Fyke and Schlegel in 1956 242, and is measured using a 

catheter with continuous perfusion.  A ‘pull through’ of the LOS allows not only 

for evaluation of the local pressure but assessment of the length of the sphincter 

and the patency of its individual components.  

The relationship between abdominal and thoracic pressure is primarily dependent 

upon respiration.  When lying down, intra-abdominal pressure is low 

(approximately 5.9 mmHg) and is uniform throughout the peritoneal cavity; 

pressure variation between inspiration and expiration is smaller (approximately 

3.7 mmHg).  When upright, the upper abdominal pressure remains unchanged, 

whilst that in the lower abdomen increases to over 14 mmHg and can be higher 

still in obese, pregnant or highly muscular individuals.  When straining, during 

activities such as heavy lifting, coughing or defecation, it has been shown to rise 

to over 70 mmHg.150, 243, 244

By contrast, LOS pressure has been measured in ‘normal’ individuals as being 28 

mmHg when supine and 17.5 mmHg when standing; a resting pressure that drops 

below 10 mmHg is regarded as physiologically incompetent and likely to give 

rise to symptoms spontaneously.  A decrease in distal oesophageal pressure is 

strongly associated with an increased prevalence of and symptomatology from 

GORD.150, 245-247  
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3.2   The Gastro-oesophageal Junction



The LOS also has a dynamic aspect, with increased pressure being observed 

during respiration.  This is due to two mechanisms, one physiological, the other 

anatomical.  

During inspiration, the diaphragm contracts along with its crura, which, as 

detailed in Section 2.1.4, forms part of the external sphincter mechanism.153  The 

compression of the oesophagus has been confirmed radiologically, with both 

Monges 248 and Delattre, Palot, Ducasse et al.153 ascribing a dominant role to the 

left crus. 

Anatomically, the central depression of the anteriorly tilted diaphragm creates a 

notch on the posterior aspect of the oesophagus, described as a lasso effect by 

both Allison 149 and Monges 248; this ‘collar’ again tightens during inspiration.150
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3.2.2   Transient lower oesophageal relaxations (tLOSRs)

Many individuals with GORD have LOS pressures that lie above 10 mmHg.  In 

these patients, reflux episodes typically occur during tLOSRs, which occur often 

randomly and independently from either swallowing or peristalsis.196, 249  The 

relationship between tLOSRs and GORD is disputed and controversial: the 

occasional reflux episodes experienced by healthy individuals are almost always 

associated with tLOSRs, whilst the weight of evidence suggests that the 

frequency of tLOSRs is no more frequent in GORD patients 250-252, although 

Mitall and other have shown such events are more likely to be associated with 

refluxate entering the oesophagus.185, 253  Iwakiri, Hayashi, Kotoyori et al. have 

concluded that tLOSRs are the mechanism for reflux but are not the cause of 

GORD, which they attribute to the subsequent efficiency of acid clearance.254

Gastric distension, which increases the pressure gradient across the GOJ, is 

thought to be a trigger for tLOSRs, and a reason why reflux occurs more 

frequently postprandially than at other times, particularly when carbonated 

beverages have been consumed.255-257   Air swallowing, which occurs naturally 

but can be exaggerated in individuals with gastric distress, also causes distention; 

however, this appears to be an effect of functional dyspepsia rather than a cause – 

although GORD and dyspeptic patients swallow more air and, as a consequence, 

belch more frequently, these events are non-acid in nature, suggesting that the 

relatively large volumes of ingested air lie on top of, rather than mixing with, the 

gastric contents, unlike the smaller carbon dioxide bubbles found in sodas.258-260  

This association with gastric distention appears to be supported by evidence of 

vasovagal mediation, stimulated by the activation of gastric stretch receptors.261-263  
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3.2.3   Lower oesophageal sphincter incompetence 

There are two mechanisms for hiatus hernia, both are associated with 

incompetence of (or damage to) the LOS (Figure 3.1 264).  Paraoesophageal 

hernias, in which a loop of the gastric fundus penetrates the LOS to lie alongside 

the oesophagus, are uncommon and have no particular association with reflux; by 

contrast, the sliding form of herniation, in which the cardia protrudes into the 

thoracic cavity, has a very strong association with GORD and is a known 

independent risk factor for the condition 265-268, so much so that Jones, Sloan,  

Rabine et al.266 have demonstrated a direct correlation between the size of a 

sliding hiatus hernia and the symptomatic severity. 

Approximately half of those with weekly reflux symptoms but no oesophagitis 

and three-quarters of those with oesophagitis have a hiatus hernia.186, 269  Three 

mechanisms have been hypothesized to explain this.  Firstly, the altered shape of 

the gastric cardia caused by the hernia allows opening of the LOS in response to 

gastric wall tension 270, 271; secondly, superior migration of the LOS means that it 

is no longer superimposed by the high pressure zone created by the crural 

diaphragm, reducing the maximum pressure obtainable by the LOS and causing 

diminution of the gastro-oesophageal barrier 272-274; and, finally, the presence of a 

hernia is predictive of increased oesophageal acid exposure as a result of 

impaired acid clearance.275-277

The relationship between hiatus hernia size and symptomatic severity was first 

suggested by Patti, Goldberg, Arcerito at al.278 who confirmed that, in patients 

with larger hernias, there was decreasing LOS strength and acid clearance, and 

increasing refluxate volume with a resultant increase in the degree of 

oesophagitis.
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Figure 3.1

Figure 3.1.  Types of hiatus hernia [Image courtesy of the Centre for 
Minimally Invasive Surgery, Tacoma, WA (2003)264].



3.3  The Stomach

Gastro-oesophageal refluxate contains several potentially noxious agents, most 

predominantly hydrochloric acid and pepsin.  When the oesophageal defensive 

mechanisms described in Section 2.2.2 are unable to cope with these substances, 

oesophageal cell damage can occur, which may precipitate pain. 

Hydrochloric acid damages cells by disturbing the pH⁄ ion balance 187; however, 

stomach acid alone may cause little damage except in the presence of gastric 

hyperacidity, such as that seen in Zollinger-Ellison syndrome, when 

concentrations of less than pH 2 are reached.279, 280  It is actually the proteolytic 

enzymes such as trypsin and, in particular, pepsin that appear to be the actual 

cause of most heartburn, having the potential to disrupt epithelial structures by 

digesting cell surfaces and disrupting intracellular junctions.281, 282  Pepsin is, 

however, inactive when the pH is greater than 4.246 

Refluxate may also contain pancreatic secretions or bile, both of which have the 

potential to disrupt the cells of the oesophageal lumen.283  Animal study data 

suggest that conjugated bile acids and hydrochloric acid act synergistically; 

trypsin and unconjugated bile acids also have this potential, even in less acidic 

conditions.279 

Isolating the individual refluxate components in order to determine their 

individual effects has proved difficult in vivo; however, there is strong evidence 

for the importance of an acid environment.  Although most acid reflux events are 

asymptomatic, when compared to these asymptomatic episodes, symptomatic 

episodes are associated with a larger pH drop, a lower minimum pH and longer 

acid clearance time.  The volume and proximal penetration of refluxate have also 

  Chapter 3! ! page 116

PHD Thesis: YOUNG, MF (2010)



been identified as significant factors in the severity of oesophagitis; whilst 

weakly acidic reflux (pH 4–7) was able to induce symptoms, it only accounted 

for a minority of symptomatic episodes.236, 284-287 

It has been suggested that these weakly acidic episodes may, however, contribute 

towards the presence of persistent symptoms in patients who are unresponsive to 

PPIs.288, 289  This lack of response is also much more noted in patients with 

ENGORD, which is consistent with an absence of overt luminal insult.290-293

Other gastric pathologies may also create retrosternal or infrasternal pain, or refer 

pain more diffusely to the thoracic area.  One of the commonest of these 

conditions is gastric ulceration, in which there is a breakdown of the normal 

balance between protective factors, such as mucus and bicarbonate secretion, and 

aggressive factors, such as acid secretion and pepsin.294 

The two major aetiological factors for peptic ulcer disease (PUD) are H. pylori 

infection and non-steroidal anti-inflammatory drug (NSAID) consumption, with 

the former condition accounting for approximately 70% of all gastric ulcers 

occurring in Western populations.295 

Along with an increase in acid secretion, H. pylori infection also predisposes 

patients to ulcer disease by disrupting mucosal integrity.  The bacterium’s spiral 

shape and flagella facilitate its penetration into the mucous layer and attachment 

to the epithelial layer.  Subsequently, it releases phospholipase and proteases, 

which cause further mucosal damage.  A cytotoxin-associated gene has been 

isolated in approximately 65% of the bacteria; the products of this genetic variant 

are associated with more severe gastric ulceration or generalized lesions 

(gastritis), gastric cancers and lymphoma.294, 296 
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The prescription of NSAIDs accounts for approximately one-quarter of gastric 

ulcers; however, the risk of ulceration is not diminished with non-oral use of the 

drug, suggesting that injury may be due to systemic rather than local effect.  The 

mechanism for this has not been fully isolated; however, H pylori infection and 

NSAID use may be synergistic in producing gastric ulcers.  Other medications 

that predispose patients to gastroduodenal ulcers include potassium chloride, 

chemotherapeutic agents and bisphosphonates.297

Cigarette smoking can affect gastric mucosal defense adversely.  Cigarette 

smoking is believed to play a facultative role in H. pylori infection; smokers tend 

to develop more frequent and recurrent ulcers and their ulcers are more resistant 

to therapy.298  Studies by Nneli, Nwafia and Orji 299 and by Talamini, Tommasi, 

Amadei at al.300 indicate that dietary habits or alcohol consumption predispose 

individuals to gastric ulcer.

A rare cause of PUD is Zollinger-Ellison syndrome (gastrinoma); the hallmark of 

this condition is profound hypergastrinaemia and gastric hypersecretion.  The 

tumours are small and slow-growing; however, half become malignant.45
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3.4  Non-gastro-oesophageal Aetiologies 

Numerous pulmonary and pleural disorders can also mimic gastro-oesophageal 

pain, as can gallbladder and hepatic pathology; pancreatic conditions; cardiac 

disease; and non-cardiac cardiovascular conditions such as pericarditis or 

dissecting thoracic aneurysms.  Psychological conditions such as ‘panic attacks’ 

can also often manifest as chest pain.301-305

Musculoskeletal conditions of the chest wall or spine are perhaps the commonest 

cause of non-cardiac chest pain and may account for up to half of all cases of 

suspected heart pain presenting for hospital evaluation.306, 307  Referred and 

radicular cervical spine pathology was the first extrinsic cause to be reported in 

the 1930s; however, it is now recognized that thoracic pain can arise as a 

consequence of muscular structures, joint dysfunction or be neurogenic, and may 

be local or referred (Table 3.1 308-318). 

Direct pain, arising from the site of muscular and ligamentous injury, is 

accounted for in terms of local stimulation of nociceptors with central thalamic 

mediation; however, the mechanisms behind radicular pain are less well 

understood and the referred, sclerodermal pain associated with active myofascial 

trigger points (MTrPs), whilst well documented and empirically charted, are still 

the subject of developing research.319, 320

There are at least 620 potential trigger points in human muscles; when active or 

latent they appear in sites that are consistent and typical.  Activation of trigger 

points may be caused by a number of factors including acute or chronic muscle 

  Chapter 3! ! page 119

PHD Thesis: YOUNG, MF (2010)



overload; activation by other, related trigger points; disease; psychological 

distress; trauma; infections; and smoking.321-323

Trigger points form as a local contraction in a small number of muscle fibres. 

This effort causes biochemical depletion and produces toxins such as lactic acid. 

The tightened muscle fibres also constrict capillaries and lymphatic channels and 

limit the clearance of these toxins, causing local build-up of nociceptive 

chemicals and, often, further fascicular contraction.324, 325

Chiropractors are trained to identify trigger points and treat them using a variety 

of proven techniques including manipulation, ischaemic pressure, laser therapy, 

transcutaneous electrical nerve stimulation (TENS), myofascial dry needling 

technique (‘western’ acupuncture) and interferential therapy.326, 327 

!
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Muscular Arthroligamentous Neurological

Diaphragm Cervical spine facet joints “Cervical angina”

Intercostal muscles Cervical spine discs Intercostal neuritis

Pectoralis major Costochondral joints Post herpetic neuralgia

Pectoralis minor Costoclavicular joint Thoracic radiculitis

Rectus abdominis 
oblique

Costoclavicular ligament

Scalenes Costosternal joints

Serratus anterior Costotransverse joints

Sternalis Costovertebral joints

Thoracic spine facet joints

Thoracic spine discs
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Table 3.1

Table 3.1.  Musculoskeletal sources of chest pain.308-318
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4.1  Physiological Interventions

4.1.1	
 Pharmacological management

The majority of dyspeptic patients rely on palliative or symptomatic care for their 

pain, often without any specific investigation of the aetiology of their symptoms 

other than the elimination of ‘red flags’ for non-benign causes such as cardiac, 

pulmonary or neoplastic conditions.  Historically, a variety of substances have 

been advocated for their efficacy: the oldest known civilisation, the Sumerians, 

used cider vinegar 328; the Romans, charcoal, chalk and powdered coral (which, 

like chalk, consists of the mineral calcium carbonate that still forms the basis of 

some modern antacid remedies).44, 329-332  

Many societies over the last two millennia have utilised variants on the European 

mediaeval ‘slop’, a semi-liquid, often milky diet whose alkaline nature is now 

known to (temporarily) buffer the acid conditions found in the stomach (albeit at 

the risk of subsequent rebound).  A number of physicians have claimed that they 

could provide relief from dyspepsia, proposing a wide variety of nostrums 

including lettuce, stonecrop, pomegranate, green tea, pearl julep and a host of 

other ‘curatives’.42, 55, 56, 329, 333  

Antacids and dietary modification remained the benchmark of treatment well into 

the 20th century and remain in common use, particularly for self-medication.  

Surprisingly, only one randomized controlled trial (RCT) has ever been 

conducted into the effectiveness of antacids, in this case for non-ulcer dyspepsia, 

and this medium sized (n = 109) study found a significant efficacy for antacids 

when compared to placebo; however, they were significantly less effective than 

cimetidine for reducing pain and engendering general wellbeing.334  The isolated 
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nature of this study and its multiple, non-specific outcome measures has led 

Moayyedi and others to repeatedly conclude that there is no evidence to support 

the use of antacids in the treatment of non-ulcer dyspepsia.47, 286, 335-337

Other mucosal protecting agents fare little better.  Several authors have reported 

that bismuth salts have no benefit when compared to placebo 135, 337, 338 and those 

studies that do suggest benefit are small 339, 340 or have methodological flaws 341, 

342, which has led to the Cochrane database excluding them from their 

recommended pharmacological interventions.338  Three trials involving sucralfate 

(a sucrose sulphate-aluminium complex), which reacts with hydrochloric acid to 

form a viscous paste that performs as buffering agent, all demonstrated no effect 

when compared to placebo.343-345

The development of H2 receptor agonists (H2RAs) in the 1970s represented a 

major step forward in pharmacological management.  These drugs, developed by 

Smith, Kline and French (now GlaxoSmithKline), suppress the normal secretion 

of acid by parietal cells.  This is accomplished by preventing the histamine 

released by gastric enterochromaffin-like (ECL) cells from binding to the parietal 

cell H2 receptors that stimulate acid secretion.199  Trials throughout the 1960s 

were dogged by toxic side effects and it was not until 1976 that cimetidine, the 

first commercially marketed H2RA, was launched under the brand name 

Tagamet™346; it became the first drug to break the $1 billion mark for annual 

sales, although it has since been overtaken by ranitidine (Zantac™), which Glaxo 

introduced in 1981; by 1986, it had become – and remains – the world’s biggest 

selling drug.347  

These interventions were also the first to be consistently backed by multiple, 

large, high quality, double-blinded RCTs both for ranitidine 348-351 and 

cimetidine.334, 352-354  Not all researchers, however, found significant 
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improvement for H2RAs when compared to placebo, although one trial also 

looked at PPIs at differing strengths, finding a dose-response effect, whilst 

ranitidine was only investigated at one strength (150 mg pd)355; the other, 

investigating cimetidine, was small (n = 50).356  Cimetidine was withdrawn from 

sale when Glaxo merged with Smith, Kline and French; although PPIs have now 

superceded H2RAs in effectiveness, their widespread availability without 

prescription still makes them a popular choice of over the counter (OTC) self 

medication.

The evidence for the effectiveness of both omeprazole355, 357-360 and 

lansoprazole361, 362 against placebo is irrefutable and both have also consistently 

outperformed H2RAs, which makes them the treatment of choice for non-ulcer 

dyspepsia.291, 335, 363

This is not to say that PPIs are the necessarily the most effective pharmaceutical 

intervention; this title may instead be held by prokinetics, which work by 

increasing the resting motor tonicity of the LOS.  Three systematic reviews and 

two meta-analyses of between 19 and 24 RCTs suggest prokinetic therapy to be 

twice as effective as placebo, although methodological flaws and reporting bias 

were also identified.291, 335, 364  Cisapride was, however, withdrawn from the 

formulary in 2002 owing to the risk of arrhythmia in patients with heart disease.  

Although supported by small individual RCTs 365-367, other prokinetics have 

failed to gain a licence for use (domperidone, itopride) or been severely restricted 

in their use (alosetron), owing to life threatening side effects (ischaemic colitis: 

2-4/1,000).368  Those that are still available (mosapride, metoclopramide), have 

no proof of efficacy.291, 367

With regard to endoscopically diagnosed GORD, PPIs also have a key role in 

management strategies 369-372 and are, again, superior to H2RAs.372-391  Although 
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Baldi, Bianchi Porro, Dobrilla et al. (n = 63)392; Robertson, Evans, Ledingham et 

al. (n = 48)393; and Richter and Long (n = 177)394 have reported effectiveness for 

cisapride, the much larger, negative trial by Hatlebakk, Hyggen, Madsenet et al.
395 (n = 322) has meant that meta-analysis concludes prokinetics are not superior 

in effect to placebo.338

Although PPIs have established themselves as the gold standard for the initial 

management for symptoms of heartburn, reflux and dyspepsia and are generally 

safe and well tolerated 280, their positive effect is not universal 396 nor without 

occasional complications 397-400 and side effects 401-403 (Table 4.1 390-396).  Long 

term usage can also be associated with the development of parietal cell 

hyperplasia and a 400% increase in the incidence of fundic gland polyps 404-406, 

which may become dysplastic, particularly in individuals with familial 

adenomatous polyposis.407  

Although PPIs have been shown to cause apoptosis 408, the relationship between 

both PPIs and H2RAs and gastric, oesophageal and laryngeal cancer is 

controversial.  There is a suggestion that prolonged and profound gastric 

hypoacidity and hypergastrinaemia may predispose to gut infection by H. pylori, 

a known carcinogen 24, and ECL cell proliferation, a proposed factor in gastric 

carcinogenesis.23  This link is, however, a hypothetical one and is at odds with 

recent epidemiological investigations that have failed to establish a causal link 

between long term exposure to acid suppressive medication and gastric or 

oesophageal malignancy.280, 409-411  Although La Vecchia and Tavani 411 did find 

elevated incidences in patients taking H2RAs, they attributed this to the masking 

of clinical symptoms by inappropriate prescription.  Predisposition to laryngeal 

cancers does appear to be raised but again causation has not been established.23
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Likewise, a link between gastric hypoacidity and hypergastrinaemia and 

decreased iron absorption has been hypothesized and, indeed, observed 412; 

however, its clinical significance is thought to be low. 280, 413  This link has also 

been postulated for vitamin B12 deficiency but again seems to be clinically 

insignificant, except in the geriatric population or for those on unusually high 

doses of PPIs for treatment of Zollinger-Ellison syndrome.414, 415 

Both rebound and dependency are, however, noted issues 19-22, 280 and there is 

also good evidence to support a large rise in community acquired pneumonia 

with up to a fourfold increase in incidence between H2RA and PPI users 

compared to those who had never taken the drugs.25, 416  Rogriguez, Ruigómez, 

Wallander et al.28 suggest that the risk is highest during the first 12 months after 

initial prescription and succeeded in establishing a crude dose response curve.  

Increased risk of osteoporosis has also been suggested by case control studies, 

with increased risk of insufficiency fractures from long term usage, increasing 

substantially in patients with more than seven years’ PPI usage 417-421; this risk 

does not apply to H2RA users, in whom the risk may be decreased.418

Given the importance of tLOSRs as an underlying mechanism of reflux, 

pharmacological interventions that reduce the frequency or severity of tLOSRs 

could have potential as a new therapy for patients with GORD.  Both atropine 422 

and morphine 423 have been shown to significantly reduce the rate of tLOSRs. 

The action of the LOS is thought to be mediated by the neurotransmitter γ-

aminobutyric acid (GABA) and recent studies have demonstrated a reduction in 

number of tLOSRs and reflux episodes using the GABA agonist baclofen.424, 425  

Nitric oxide also appears to be involved in the triggering of tLOSRs, and 

inhibition of NO synthesis by methylarginine derivatives stops the increase in 

tLOSRs induced by a meal.426
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Omeprazole (%) Lansoprazole 
(%)

Pantoprazole 
(%)

Side effect

Diarrhoea

Dizziness

Headache

Nausea

Pruritis

Rash

Adverse event

Hepatitis

Interstitial 
nephritis

Visual 
disturbance

1.9 4.1 1.5

- - 0.7

2.4 2.9 1.3

0.9 2.6 0.02

- - 0.5

1.1 - 0.4

• •

•

• •
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Table 4.1

Table 4.1: Incidence of side-effects and reported adverse events for 
common proton-pump inhibitors.390-396



4.1.2 	
 Helicobacter pylori elimination

The most controversial pharmacological treatment for NUD has been that of H. 

pylori eradication.  The role of H. pylori in both peptic ulcer disease and gastric 

carcinoma has now been well established 427-430, and its discovery marked a 

highly important advance in the successful treatment of the diseases.  Its role in 

oesophageal carcinoma is less clear.431

However, in the case of both NUD and GORD, the relationship between 

symptoms and H. pylori infection is still a cause for debate in some circles.  

Overall, the findings suggest that H. pylori infection is probably not a significant 

factor in either NUD or GORD.  Recent meta-analyses 427-429 and systematic 

reviews 338, 427, 432 have failed to find any relationship, much less a causative one, 

except in the case of ERD with known PUD, wherein H. pylori eradication leads 

to a twofold increase in GORD symptoms.433-435  These conclusions, however, 

mask a conflicting array of studies and reviews, which variously suggest the 

prevalence of H. pylori infection in NUD may be lower 436-441, higher 442-445 or 

unchanged 434, 446-453 when compared to the general population.  Several factors 

seem to be responsible for the heterogeneous nature of the findings, including 

poor methodology, geographic variation, inadvertent investigation of different 

sub-populations of NUD and, in particular, the role of different strains of H. 

pylori.439, 452, 454-462    

The apparent association between H. pylori eradication and increased GORD 

symptomatology led some to propose that the bacterium might in fact actually 

offer protection against GORD 463-466; however, more recent studies suggest that 

no such protection exists – instead, it appears that H. pylori appears to be 

masking the symptoms of GORD.453, 456, 457, 459, 467-469  Mechanisms have been 
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proposed for this, including the neutralising effects of the ammonia produced as a 

by-product by H. pylori 470; it is also postulated by Labenz and Malfertheiner 471 

that the presence of ammonia, which is known to cause gastric mucosal 

adaptation in rats 472, may also cause similar changes in the oesophagus with 

attendant masking of symptoms. 

The most probable explanation, however, lies in the atrophic effects of H pylori 

on the parietal cells of the gastric corpus and the subsequent increase in acid 

production following its elimination.456, 459, 462, 466, 473-475  This would also be 

consistent with the observed increase in GORD after H. pylori elimination 

treatment for peptic ulceration.  
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4.1.3   Dietary modification

Although a diverse array of dietary factors have been investigated for their 

aetiological potential in dyspepsia and GORD, few trials are of great rigour, with 

observational cohort studies predominating. 

A link with water fluoridation has been proposed, although the various case-

control studies performed have been restricted to a single group working in India.  

Although the studies have been small scale (20 ≤ n ≤ 30), they have shown 

significant correlation between fluoride ingestion and both dyspeptic 

symptomatology and microscopic histological abnormalities; however, little or 

no differentiation was made between oesophageal and gastric symptomatology, 

and irritable bowel syndrome (IBS).476-478  Modification of the diet to exclude 

fluoride – a common component of toothpaste – is only possible for individuals 

either not resident in, or able to relocate to, areas in which the water supply is not 

naturally or artificially fluoridated.

The most frequently investigated dietary factor is caffeine, ingestion of which 

has been shown to significantly increase symptoms of heartburn.479-482  The 

mechanism for this appears to be the action of constituent methylxanthines in 

reducing lower oesophageal pressure (PLOS) by as much as 40%; these effects 

appear particularly marked when the stomach is distended by food or when acid 

levels are elevated, for example post-prandially.483, 484  There are, however, also 

suggestions that there may be other, unidentified, ingredients in coffee that 

contribute to the symptomatic picture, as the drink itself has a greater effect on 

symptoms than does caffeine alone.485-487  This is also true for decaffeinated 

coffee, which does, however, have less symptomatic effect than coffee which has 

not been treated.487  
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The only systematic reviews identified in the past decade dismiss the idea that 

caffeine is a significant factor in either NUD or GORD, although it is most 

probably contributory to PUD.86, 488  Both these reviews, however, appear to be 

heavily influenced by epidemiological surveys 15, 443, 489-491 and failed to consider 

the findings of the earlier physiological trials detailed above.

These surveys, in which coffee consumption was one of many factors, do not in 

fact generally purport to dismiss consumption of the drink as a risk factor. 

Rosenstock and Jorgensen 490 only investigated patients with known PUD and 

drew no conclusions about NUD whilst Bernersen, Johnsen and Straume 489 drew 

no conclusions with regard to their limited investigation of coffee drinking, only 

concluding that ingestion of tea had no relationship to GORD but was a factor in 

PUD, the first and only time such a connection has been reported.  Although 

Moayyedi, Forman Braunholtz et al.443 did conclude that coffee does not 

contribute to functional dyspepsia in their large cross-sectional survey (n > 

30,000), only 25% of invited subjects participated, and these were restricted to 

the fifth decade of life; the authors also conceded that their equivocal findings 

were not sufficiently robust to draw definitive conclusion.  

This study also highlighted the difficulties of investigation of functional 

dyspepsia.  In order to obtain a sufficiently large trial population, diagnosis was 

obtained using a validated questionnaire only; this contrasted with the approach 

of Shaib and El-Serag 15, who confirmed their post-questionnaire diagnosis using 

gastroscopy.  Their approach, however, resulted in reducing a trial population of 

1,000 subjects to 131 confirmed cases of functional dyspepsia, and their failure to 

find significance for several dietary and lifestyle factors may well reflect the 

resultant lack of statistical power.
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Although Tougas, Chen, Hwang et al.491 also found no association between upper 

gastrointestinal symptoms and coffee drinking, they did find that heavy intake of 

cola, which also contains caffeine, was associated with markedly increased 

prevalence of dyspepsia, although the authors acknowledged that there could be 

multiple explanations for this finding.  A further study since the publication of 

these reviews has also failed to find any epidemiological link with coffee 

consumption.492

Regardless of these discrepancies between investigation of individual subjects 

and their reaction to caffeine, and larger epidemiological surveys, elimination of 

coffee still appears to have a substantial role in both physicians’ and patients’ 

own management of symptoms of dyspepsia, particularly in the first instance 

when specific identification of an aetiology has not yet been established.

Chocolate, which also contains methylxanthines, has been shown to have a 

similar effect in reducing PLOS 191, 493, 494 although there are no epidemiological 

trials that support it as a risk factor and two that refute it 86, 492; any link therefore 

remains hypothetical.

One dietary element, long mooted as a highly significant factor 85, 481, 494-496, has 

now been conclusively demonstrated to have no effect.  Elimination of high fat 

from the diet confers no symptomatic benefit to patient with GORD, although it 

will confer benefit to those patients suffering from pancreatic or biliary disease, 

who may exhibit symptoms of dyspepsia similar or identical to those 

demonstrated by GORD patients.495, 497-499  Similarly milk, traditionally used to 

neutralize stomach acid, in fact increases local acidity, with both calcium and 

protein acting to stimulate acid secretion.500 
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There is also little evidence to support the anecdotal role of spicy foods such as 

curries in precipitating dyspeptic symptoms.  Although both Hashmi, Jafri, 

Yakoob et al.501 and Moraes-Filho, Chinzon, Eisig et al.502 claim spicy food to be 

an aetiological factor in Pakistani and Brazilian urban populations respectively, 

their surveys failed to differentiate between any nonspecific increases in post-

prandial symptoms and those caused specifically by certain foodstuffs; their 

results were also based on patient self-perception, which may have been 

informed by the common preconception that spicy foods do cause dyspepsia.  In 

these populations, it might also be assumed that much of the population consume 

spicy foods on a regular basis. 

These methodological flaws led Kaltenbach, Crockett and Gerson 86 to conclude 

that there was no evidence to support spicy food as an aetiological factor; 

however, it does appear that GORD and non-GORD populations may respond 

differently to certain foods.  Since this review, a large (n > 2000) epidemiological 

study has identified chili – a common ingredient in ‘spicy’ food – as a specific 

risk factor ;503 however Gonlachanvit, whilst acknowledging the role of capsaicin 

(the active component of chili) in acute symptoms, suggests that regular 

ingestion actually protects against both functional dyspepsia and GORD.504 

Allen, Mellow, Robinson et al.505 found that the addition of onions to a meal had 

a profound influence on oesophageal pH and symptoms in patients with regular 

symptoms of heartburn but no effect on controls.

Although dietary elimination has usually formed the mainstay of nutritional 

interventions in control of dyspeptic symptoms, there are dietary factors that 

claim to have positive benefit to patients.  The most controversial of these is 

mint, traditionally used by herbalists to treat both heartburn and indigestion and 

still commonly found as a flavouring in proprietary remedies.506  Others, 

however, have challenged this perceived benefit, claiming that both spearmint 
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(Mentha spicata) and peppermint (Mentha piperita) actually worsen symptoms.  

The only rigorous testing was a small, but well controlled, cross-over trial that 

showed mint to have no effect on PLOS, but to adversely affect symptoms at high 

dose levels.507

Although claims are also made for a variety of other herbs, most commonly 

liquorice (Glycyrrhiza glabra) and angelica (Angelica archangelica), these are 

based on traditional authority and anecdotal evidence rather than any systematic 

investigation.  The same criticism applies to claims made for dietary enzyme 

supplements.506  There is also one small, retrospective review of nine 

handicapped patients with delayed gastric emptying  who were treated using 

traditional chinese herbalism; rikkunshito was reported to show beneficial 

effects.508
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4.2   Psychological Interventions

Depression and psychological stress have been found to be closely associated 

with an increased rate of physical illness, particularly functional gastrointestinal 

disorders including NUD.509-511  Approximately 60% of patients presenting to 

gastroenterologists have been reported to have complaints primarily of a 

psychological origin, although this study made unwarranted assumptions 

regarding cause and effect and did not consider the possible, and palpably 

significant, contribution of psychosomosis.512  It also failed to differentiate 

between cause and effect – chronic pain is a known risk factor for depression.513

Emotional factors have been found to be associated with alterations in both 

gastrointestinal (GI) motility and secretion; therefore, psychological factors may 

have a role in modulating GI function.48, 514, 515  A number of recent, robust trials 

have also shown increased perception of symptoms in response to short term 

stressors.516-518

Historically, however, there have been few trials in this area, and inadequate 

methodology and poor reporting are additional limiting factors.  Only one RCT 

has been performed and, although this showed some symptomatic improvement 

in a group (n = 37) treated with psychodynamic-interpersonal psychotherapy 

compared to controls (n = 36) at 12 weeks, this improvement was not sustained 

at one year.  This led Soo, Moayyedi, Deeks et al.48  to conclude in their 

systematic review that there was no current evidence to support psychological 

interventions other than group support, cognitive therapy and psychodynamic-

interpersonal psychotherapy, and then only in the short term in selected cases.
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4.3   Physical Interventions
	
	


4.3.1	
 Surgery

It was apparent at an early stage that the biomechanical features associated with 

GORD might be amenable to surgical intervention and repair.  Early attempts at 

treatment worked primarily on the assumption that symptoms of heartburn were 

a logical consequence of hiatus hernias 149; however, techniques such as 

iatrogenic hemidiaphragmatic paralysis, hernia repair and anterior gastropexy 

were not only unpredictable but, as often as not, detrimental.42, 331  By the 1960s, 

they had been supplanted by open fundoplication 519; however, success rates were 

still moderate and complications high, particularly in comparison with the 

emerging H2RAs.42

It was not until 1991, with the development of a laparoscopic surgical approach, 

that surgery became a realistic alternative to pharmacological management.519, 520  

Numerous variations, mainly involving partial fundoplication, have been 

proposed, but studies of these techniques have been largely limited to small 

cohort studies on patients of the various eponymous surgeons.521, 522  

Only four RCTs have been conducted to date 523-526; all four studies reported 

significant improvements in quality of life after surgery compared to medical 

therapy.  These studies were reviewed and subjected to meta-analysis by 

Wileman, McCann, Grant et al. 527 who concluded that there were statistically 

significant improvements in health-related quality of life at three months and one 

year after surgery compared to medical therapy.  Although heartburn, reflux and 

bloating are generally improved more after surgery compared to medical therapy, 

a small proportion of participants have persistent postoperative dysphagia.  
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Modlin, Moss, Kidd et al.44 have suggested that, whilst success rates at 

established clinics with experienced surgeons are satisfactory, there is still 

significant morbidity (2% - 14%) and mortality (0% - 4%), particularly given the 

generally benign nature of the underlying disease. 

The costs of surgery are considerably higher than the cost of medical 

management and the long term benefits have yet to be evaluated; however, there 

is evidence that laparoscopic fundoplication surgery is more effective than 

medical management for the treatment of GORD at least in the short to medium 

term.527

A considerably cheaper alternative has been developed, which utilizes radio 

frequency (RF) energy therapy, most commonly by the Stretta® system, whereby 

a single use catheter RF generator delivers pure sine wave energy by means of a 

temperature feedback control system.  The proposed mechanism of action is an 

increase in the tone and reflex function of the LOS, causing increased resting 

LES pressure (PLOS) and a reduction in frequency of tLOSRs.  Initial cohort 

studies showed significant patient satisfaction scores, accompanied by a decrease 

in PPI usage and an increase in quality of life 36, 528-530; however, larger controlled 

trials, whilst confirming superiority to sham treatment and controls, have failed 

to show superiority to current surgical procedures 531, 532 and are less cost 

effective than management by PPIs.31, 533
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4.3.2 	
 Lifestyle modification

Strenuous exercise may induce GORD and symptoms are common among 

athletes; it is therefore suggested that physical activity represents a risk factor for 

GORD.534-537  This positive association, however, applies only to vigorous, rather 

than moderate, exercise 538-540 and resistance exercises and running appear more 

likely to induce reflux symptoms than cycling.541

Little agreement exists regarding the mechanism by which vigorous exercise 

precipitates dyspeptic symptoms, although there have been a number of 

suggestions including gastric agitation; decreased oesophageal contractions and 

blood flow; abdominal straining; altered hormonal secretion; and constrained 

body position. 535, 539, 542-544 

By contrast, normal physical activity has been demonstrated to have a protective 

effect against GORD, suggesting a possible mechanism of exercise strengthening 

of a mechanical antireflux barrier. 545, 546  Post-prandial exercise, has, however, 

been found to be a risk factor for the development of GORD symptoms.547 

One of the most significant factors in reducing dyspepsia symptoms is weight 

loss. 548, 549  Obesity carries an average 2.6-fold increase in symptomatic 

incidence, with a direct dose-response effect based on increasing or decreasing 

body mass index (BMI) 550-557; there is also a 22% increase in risk of 

hospitalization for GORD-related disorders in clinically obese patients.  This is 

seemingly related to an associated decrease in LOS tone, which, in turn, is 

associated with an increased risk of developing a hiatus hernia.498, 545, 551, 558, 559  

The relationship with obesity appears to exist for both ENGORD and ERD as 

well as for oesophageal adenocarcinoma.557
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The effect of weight loss induced by surgical procedures has also been evaluated. 

A significant reduction in oesophageal acid exposure has been reported following 

weight loss induced by an intragastric balloon.552, 553  An improvement in GORD 

symptoms was also found after weight loss induced by bariatric surgery; in 

particular, the Roux-en-Y gastric bypass appears to be successful in reducing the 

volume of acid refluxate and diverting bile from the oesophagus.559-563  By 

contrast, gastric banding seems to confer only short term benefit, possibly due to 

distal slippage of the band, which can subsequently worsen symptoms.564-568  As 

with many surgical studies, these conclusions are limited by small trial 

populations; lack of control groups or absence of randomization; and use of 

retrospective data. 

Alcohol has long been regarded as a ‘gastric irritant’ 42, 481, 569 and modern 

epidemiological studies regularly, though not invariably, identify it as a risk 

factor 86, 299, 492, 570-572; even moderate levels of drinking (14 units per week) have 

been associated with a doubling of the risk rate for developing symptoms of 

heartburn and reflux.573, 574  Ethanol appears to alter LOS function rather than 

induce change in the gastric mucosa or secretory activity.575 

The other major lifestyle factor implicated in higher levels of dyspepsia is 

smoking tobacco.12, 512, 546, 576-580  Locke, Talley, Fett, et al.550 calculated a 60% 

increased risk of GORD symptoms of with any history of smoking.  Although 

Watanabe, Fujiwara, Shiba, et al.574 determined a lower factor of 35%, this was 

in a Japanese rather than Caucasian population; they were also able to establish a 

crude dose-response curve.  Data from two earlier studies, which also found 

increased dyspepsia in smokers, both suggest that the effects were due to 

inhibition of the LOS causing a reduction in PLOS.581-583 

  Chapter 4! ! page 140

PHD Thesis: YOUNG, MF (2010)



Monozygotic twin studies have also have provided strong evidence that tobacco 

smoking increases the risk for the occurrence of frequent GORD symptoms (as 

well as suggesting a genetic component to the condition).572, 584, 585 

Although subject age was not identified as a factor by Watanabe, Fujiwara, 

Shiba, et al.574, this contradicted an earlier and much larger study by Ruhl and 

Everhart 498, who also found a correlation with decreased recreational activity 

levels and increased symptomatology.  It seems likely, however, that these two 

studies may have been investigating different population subsets.  Gender is also 

a risk factor for developing functional dyspepsia symptoms, with a higher 

prevalence in the female population; males, however, appear to be at a greater 

risk of developing ERD.492, 546, 586

Low socioeconomic status and education level have also been identified as risk 

factors 492, 587, 588, though no studies have been conducted to explore if increasing 

educational attainment or changing socioeconomic status affect symptoms.  It is 

therefore not possible to say whether these reports reflect the effects of 

upbringing or are independent factors in their own right.

One of the most commonly prescribed and recommended lifestyle modifications 

is to raise the head of the bed, which has been found consistently effective in 

epidemiological studies.42, 86, 571, 589  Perhaps surprisingly, this logical but 

homespun piece of advice has only been scientifically tested once and then in a 

small, uncontrolled, poorly reported trial that, nevertheless, did suggest this 

treatment to be as effective as H2RAs.590 
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4.3.2 	
 Chiropractic

The word ‘chiropractic’ was derived in the late 19th century from the Greek 

words ‘kheir’ and ‘praktikos’, meaning to do by hand.60  Although it is grounded 

in the principle that the body can heal itself when the skeletal system is correctly 

aligned and the nervous system is functioning properly,591 the precise definition 

of chiropractic is a matter that has concerned the profession for many years and 

has often been resisted on the grounds that, by defining the profession, it 

immediately limits it.  

It was not until 1996, over 100 years since its inception, that any consensus view 

was reached when the Association of Chiropractic Colleges, responsible for 

implementing US standards of undergraduate education with affiliated Colleges 

worldwide, defined chiropractic as: … a healthcare discipline that emphasizes 

the inherent recuperative power of the body to heal itself without the use of drugs 

or surgery. The practice of chiropractic focuses on the relationship between 

structure (primarily the spine) and function (as coordinated by the nervous 

system) and how that relationship affects the preservation and restoration of 

health. In addition, doctors of chiropractic recognize the value and responsibility 

of working in cooperation with other health care practitioners when in the best 

interest of the patient.592

Five years later, the wider profession also managed to reach a consensus view: in 

2001, the World Federation of Chiropractic also formulated a definition as A 

health profession concerned with the diagnosis, treatment and prevention of 

mechanical disorders of the musculoskeletal system, and the effects of these 

disorders on the function of the nervous system and general health. There is an 
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emphasis on manual treatments including spinal adjustment and other joint and 

soft-tissue manipulation593.

Whereas most chiropractors would agree that the profession utilises manipulative 

therapy and adjunctive treatments to restore normal joint function and reverse 

pathology594, in particular focusing on the effect of spinal dysfunction on both 

efferent and afferent neurological function, much controversy exists over the 

concept of region spinal dysfunction, which practitioners have traditionally 

termed the vertebral subluxation complex.595  This diagnosis is still enshrined in 

the World Health Organization definition of chiropractic593;  however, in the UK, 

the General Chiropractic Council have recently declared it to be an historical 

concept and a theoretical model not supported by any clinical research evidence 

that would allow claims to be made that it is the cause of disease596.

The precise definition of this entity has been the subject of much semantic 

argument within the profession since Victorian times; however, the majority of 

chiropractors broadly agree that the central tenet is that of aberrant vertebral 

movement (kinesiopathology) causing the development of altered proprioception 

and muscle function (myopathology), further contributing to the 

kinesiopathology.  Over time, this causes local segmental neurological change 

(neuropathophysiology), which can be inhibitory or excitatory, and affect anterior 

horn cells (motor function), lateral cells (sympathetic changes) or posterior horn 

cells (sensory changes).595

Although this hypothesis has become increasingly sophisticated, over more than 

a century, it has remained unvalidated, and the use of the term subluxation, which 

has a distinct and different meaning in allopathic definition (a partial dislocation) 

has led to mutual misunderstanding and, largely unnecessary, inter-professional 

conflict.597 
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Since its inception in 1895, chiropractic has claimed the ability to alleviate 

visceral symptomatology by manual spinal manipulation 38, although modern 

practice has tended to focus on musculoskeletal conditions.594  Over 70 different 

techniques have been developed to address segmental spinal pathomechanics.  

These techniques often employ radically different diagnostic criteria and 

interventions; professional rivalry and even antipathy often exists between 

proponents of the different schools.  Generally, however, no differentiation is 

made in chiropractic research between the interventions utilised, and the situation 

is further complicated by the fact that many practitioners integrate a number of 

techniques into their daily routines.598   

Some differentiation may, however, be made between the differing approaches 

regarding the treatment for GORD.  The ‘pure’ chiropractic approach would 

consists of only focusing on the spine, particularly at the levels where 

innervation of the oesophagus, diaphragm and stomach arise.  In reality, almost 

all practitioners would also most probably intervene to counter any sacroiliac 

joint dysfunction, which may affect the overall dynamics of the spine, and the 

thoracolumbar junction, where the diaphragmatic crura have their vertebral 

attachments (Figure 2.7).319, 599 

Other approaches take a more ‘holistic’ view and quite often employ the same, 

body-wide approach to each and every patient, whilst also considering local 

factors such as diaphragmatic distortion and local neurological reflexes.  

Techniques such as Applied Kinesiology (Goodhart Technique) and sacro-

occipital technique (SOT) also highlight the importance of the psoas major 

muscles, which have a close anatomical relationship to the crura.598, 600, 601  
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Despite the claims from the proponents of various specialized chiropractic 

techniques as to the perceived efficacy of their treatments, there have been almost 

no substantiating reports in the literature.602, 603  

A search was conducted of MedLine (via PubMed), the Index to Chiropractic 

Literature, Science Direct and the Cumulative Index to Nursing and Allied 

Health (CINAHL).  The Boolean search terms used were [chiropractic OR spinal

+manipulative+therapy] AND [(GORD OR GERD) OR dyspepsia OR reflux OR 

heartburn].  The bibliographies of three retrieved papers were also hand-searched 

for additionally cited publications; however, none were identified.

The only significant trial prior to the publication of the pilot study related to this 

project was a large (n = 1,494) prospective cross-sectional questionnaire carried 

out in general chiropractic practice.39  This reported a significant link between 

symptoms of heartburn and mid-thoracic spinal pain; however, whilst the trial 

demonstrated that 22% of sufferers reported relief from their heartburn 

symptoms following manipulation, the treatment was – apart from 14 cases 

where the patients had specifically requested treatment – non-specific and 

restricted to generalised spinal manipulative therapy alone.  The efficacy was less 

than in those using medication (34%).

The remaining literature relates only to an individual case report, albeit with a 

positive outcome 40, although Leboeuf-Yde, Axén, Ahlefeldt et al.604 did find 

improvement in gastro-oesophageal function as a not uncommonly reported 

coincidental benefit of manipulation.  
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4.3.3 	
 Other Complementary and Alternative Interventions.

The search strategy detailed in 4.3.2 was repeated using ‘ostepathy’ AND 

‘physiotherapy’ OR ‘manual + medicine’; the databases were also expanded to 

include (the now defunct) OSTMED and the (newly instigated) PEDro.  No 

examples were found of any literature relating to treatment for symptoms of 

dyspepsia, heartburn and reflux.

The search parameters were then expanded to include ‘acupuncture’ OR 

‘aromatherapy’ OR ‘reflexology’ OR ‘homeopathy’ OR (complementary OR 

alternative AND therapy).  Papers relating to herbalism were rejected as these 

had been previously discussed in 4.1.3. 

One RCT was retrieved, suggesting that, in two small groups (n = 15), the 

addition of acupuncture to a groups of patients taking PPIs was significantly 

more effective that doubling the PPI dose.605  However, the findings of Dickman 

et al, were at variance with several other findings in that it showed no effect in 

the group who doubled their PPI intake; the trial was also not controlled by any 

placebo intervention.  Although Takahashi606 suggests that acupuncture at the 

conception vessel (CV)-12 point may inhibit gastric acid secretion, this is a 

hypothetical extrapolation from a single animal study rather than any clinical 

trials .607 

608Several other authors have investigated CAM use for symptoms of dyspepsia, 

heartburn and reflux; however, all of the previous studies relate to use of CAM 

by patient with these and other non-specific symptoms of GI dysfunction rather 

than any meaningful investigation into the effectiveness of the treatments 

themselves:609, 610 the conclusions are that many patients avail themselves of 

herbal remedies, with peppermint and ginger being the most popular.  Some 
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patients also use acupuncture, homeopathy and spiritual interventions; however 

no mechanisms are offered as to potential mechanisms of action.
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5.1   Development

5.1.1   Introduction

The project initially arose out of the candidate’s personal history of dyspeptic 

symptoms.  After years of conventional palliative care, which generally proved to 

be largely ineffective, the symptoms had been alleviated following treatment by a 

chiropractor.  On questioning, the chiropractor suggested there may be relevance 

in previous severe tear of the left psoas muscle nineteen years previously.  This 

had not been diagnosed and, as a consequence, had been left untreated.  He also 

treated the co-morbid chronic low back pain and cervical trauma, which had been 

the primary reason for care, although was unable to provide anything more than 

tenuous hypotheses as to the mechanism of action for treatment of the dyspeptic 

symptoms.

The candidate’s (at the time a final-year student intern) own enquiry and 

subsequent continuing professional development failed to discover any rigourous 

rationale to underpin the continuing benefit from treatment, although the ability 

to effectively manage a variety of gastrointestinal disorders appeared to be as 

much an article of faith amongst many chiropractors then as Pollentier and 

Langworthy found it to be in their survey of British chiropractors ten years later.
611

This study did, however, lead to an increased focus on and, with it, an increased 

clinical awareness of such symptoms in patients presenting to daily clinical 

practice.  Following the acceptance and publication of a paper based upon the 

candidate’s (unrelated) undergraduate research study 611, which had been directed 
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by the supervisor of the current programme of study, the opportunity for further 

collaborative research arose when Dr (as he then was) McCarthy moved to the 

University of Glamorgan from the Anglo-European College of Chiropractic to 

become award leader and head of the chiropractic research unit at the newly 

formed Welsh Institute of Chiropractic in 1998.

Once a protocol for a clinical trial had been researched and developed, it was 

suggested both the trial and the subject area had sufficient scope for a doctoral 

project.  Following enrollment on a MPhil/PhD programme of study, a pilot trial 

was then instigated using the candidate’s own patients.  

In addition to testing trial protocols and methodology, the rationale of the pilot 

study was to determine whether the subjective improvement reported by patients 

was repeated using formal outcome measures.  It would also be possible to 

determine whether there was any difference in outcome between three disparate 

management protocols for symptoms of heartburn, reflux and dyspepsia.  It was 

considered that this approach would help to establish whether there was scope for 

a larger study and determine whether there was any basis for current clinical 

practice to be refined to offer patients better outcomes.
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5.1.2   Development

In November 2001, the literature (MedLine) was searched to determine whether 

any existing questionnaires existed that were suitable for use in a clinical setting: 

[(GORD OR GERD) AND questionnaire]; in addition, the candidates own 

database of papers was hand searched in order identify clinical trials and the data 

collection tools used.

Most of the papers identified were designed for a non-clinical setting and were 

lengthy in nature, comprising between 21 and 54 items354, 612-614; many also were 

generalized tools to assess a full spectrum of functional gastrointestinal 

disorders, rather than specific for symptoms of dyspepsia, heartburn and reflux.  

Only one questionnaire was identified that appeared to be suitable for 

administration to a real time patient population undergoing treatment in a routine 

clinical schedule, that developed by Greatorex and Thorpe615; this had also been 

widely used in surgical trials and focused on only two items: severity of 

symptoms and frequency of symptoms, both measured by Likert scales and 

applied at baseline and at a second point following intervention.

One weakness in the questionnaire was identified, the fact that no account was 

taken of possible changes to self-medication during the course of the trial, which 

would also affect the frequency and severity of the symptoms.  In order to control 

for this, a new item was introduced detailing the nature of medication being 

taken by the patient (antacids, H2RAs, PPIs). The item also differentiated 

whether the medication was OTC or prescribed as it was felt this would have 

implications as to the whether the patient was following an externally imposed 

regimen or self-medicating on an ‘as need’ basis; it also had potential 

implications for cost of care to the NHS.
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5.1.3  Methodology

The prospective case control study was initiated prospectively using 

consecutively presenting new patients who, regardless of their presenting 

complaint, had, in the previous month, experienced symptoms of reflux, 

dyspepsia or heartburn (defined by pain of digestive origin in the central chest or 

epigastric area).  The recruitment and allocation of patients is summarized in 

Figure 5.1.  

Paediatric patients (≤16 years of age), pregnant patients and patients with known 

gastric pathology (duodenal ulcer, Barrett’s oesophagus, gastric carcinoma etc) 

were excluded from the study (n = 13).  The principal inclusion criterion was 

symptomatic chronicity: patients had to have suffered from symptoms for a 

minimum of two years as well as in the previous month.  This criterion was 

imposed as a partial compensation for the lack of any formal control group to 

demonstrate the presence of chronic, entrenched symptomatology that was 

unlikely to undergo spontaneous resolution within the period of the trial.

Ethical approval for the trial was granted internally (University of Glamorgan 

Faculty of Applied Sciences Ethics Committee) and externally (East Somerset 

Local Research Ethics Committee); these are documented in Appendix III.

Three technique approaches were used: Diversified technique, the most common 

method of chiropractic manipulation 100; chiropractic manipulative reflex 

technique (CMRT), a part of sacro-occipital technique (SOT); and mixed 

protocols utilizing diversified, CMRT and additional mechanical adjustments 

using an Activator Adjusting Instrument (AAI), myofascial release techniques 
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and Applied Kinesiology (AK) techniques, most predominantly neurolymphatic 

drainage; this approach was termed augmented CMRT (CMRT+).  

One technique (diversified) was chosen randomly using (for convenience) a 

standard 6-faced fair die [one or two = Diversified, three of four = CMRT, five or 

six = CMRT+.  A ‘two’ was thrown]; the first 12 patients were assigned to Group 

A and treated using Diversified technique.  Data were collected at baseline (initial 

presentation of symptoms) and at follow-up (3-6 months later as directed by the 

care schedule) using a modified version of a widely used surgical questionnaire 

(Greatorex and Thorpe 1983 615).  This elicited details of the patient’s frequency 

and severity of reflux symptoms; the additional elements enquired into relevant 

aspects of the patient’s history and medication use (Figures 5.1, 5.2).  No attempt 

was made by the chiropractor to influence or alter the patients’ pharmaceutical 

regimes.  Each treatment session (regardless of technique) was scheduled for 15 

minutes.

All patients were asked to read an information leaflet (Figure 5.3) and to give 

informed consent both to treatment and to having their anonymized data used in 

the trial (Figure 5.4).  The patient’s general practitioner was informed of the 

patient’s presentation, key findings, diagnosis and prognosis or outcomes and of 

their participation in the trial, unless precluded by the patient’s own wishes, using 

a pro forma report form (Figure 5.5).

The next group of patients were treated using CMRT, again chosen by cast of a 

fair die [one, two or three = CMRT; four five or six = CMRT+.  A ‘one’ was 

thrown].  These patients were assigned to Group B (n = 35) and treated using 

CMRT.  In order to control for variation in gender and age, the patients were 

individually matched with those in Group A; patients whose age (± 5 years) and 
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gender did not match a previously unmatched Group A subject were excluded 

from analysis (n = 23).  

 

When all 12 Group A patients had been matched with Group B patients, the same 

procedure was repeated for Group C patients (n = 36), who had to match with 

gender and the mean age of Group A and Group B patients (± 5 years); those that 

did not were excluded from the analysis (n = 24). 

Follow-up had been planned to involve a telephone call with an interview to 

ascertain outcomes as part of the clinic’s routine follow-up of patients who were 

not compliant with treatment plans.  As the retention rate was 100%, this was not 

required.

Data were coded, then stored and analyzed using SPSS 11® for Mac OS X®.  

Owing to the non-homogenous nature of the baseline values of the different 

cohorts, all data were normalized prior to analysis.  The inverse of these modified 

data were then used for comparison.  As all dependent variables were ordinal or 

nominal, non-parametric tests were employed for analysis of the outcomes 

(Figure 5.2).
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Figure 5.1

Figure 5.1.  CONSORT flow diagram describing the recruitment and allocation 
of patients to the Pilot Study.

Enrollment
Assessed for eligibility (n=620)

Excluded (n = 13)
• Pregnant (n = 8)
• Known duodenal ulcer (n = 5)
• Declined to participate (n = 0)

Assessed for symptomatology (n = 607)

Excluded (n = 511)
• No symptoms in last month (n =494)
• Symptoms < 2 years (n = 17)

       Randomized (n =84)

Group A (n = 12)
• Received Treatment 
(n=12)
• Did not receive 
treatment (n = 0)

Group B (n = 35)
• Received 
Treatment (n = 12)
• Did not receive 
treatment [failed to 
match gender and 
age ± 5 yrs of Group 
A (n = 23)

Allocation

Group C (n = 36)
• Received 
Treatment (n = 12)
• Did not receive 
treatment [failed to 
match gender and ± 
age ± 5 yrs of Group 
A (n = 24)Follow-up

Lost to follow-up (n = 0) Lost to follow-up (n = 0) Lost to follow-up (n = 0)

Analysed (n = 12) Analysed (n = 12) Analysed (n = 12)

Analysis
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Figure 5.2
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5.1.4 	
 Research question

The research question was: Do patients with symptoms of heartburn, reflux or 

dyspepsia demonstrate improvement during the course of chiropractic care?  

The null hypothesis was, therefore: Patients with symptoms of heartburn, reflux 

or dyspepsia do not demonstrate improvement during the course of chiropractic 

care.

This hypothesis begs the question ‘what is chiropractic care’, which can be 

answered by means of a subsidiary research question: Are all chiropractic 

techniques equally effective in treating symptoms of heartburn, reflux or 

dyspepsia?

The null hypothesis was, therefore:  All chiropractic techniques are not equally 

effective in treating symptoms of heartburn, reflux or dyspepsia?

  Chapter 5! ! page 157

PHD Thesis: YOUNG, MF (2010)



5.2   Results

5.2.1   Descriptive statistics

Of 620 new patients presenting between May 2002 and April 2004, 97 adults had 

symptoms of dyspepsia, heartburn and reflux, an incidence of 15.5%.  Of these, 

13 failed to meet the inclusion criteria: five patients declared a history of peptic 

ulcer, eight were (or became) pregnant.  This left an eligible symptomatic 

population of 84 (13.4%). 

Forty-seven of these subjects were subsequently excluded from analysis as their 

age (± 5 years) and gender did not match other subjects in the case control study; 

the average age of the 36 case controlled subjects was 46.7 (± 13.6) years, the 

gender profile was 1M:3F.
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5.2.2   Case controlled outcomes.

The individual case controlled technique cohorts were analyzed using the 

Wilcoxon signed ranks (Wsr) test to determine whether they showed positive 

outcomes in their own right (Figures 5.3 - 5.5).  

The Diversified group (Group A, n = 12) showed significant improvement in both 

severity (Z = -2.39, p < 0.05) and frequency (Z = -2.41, p < 0.05) of symptoms.  

Medication use also decreased significantly (Z = -2.04, p < 0.05). Seven patients 

showed improvement in symptom severity; the same number showed 

improvement in symptom frequency.  Five patients were able to decrease their 

class of medication*.  No patients reported worsening of symptoms.

The group treated using CMRT (Group B, n = 35) also showed significant 

improvement in severity (Z = -4.91, p < 10-6) and frequency (Z = -4.52, p < 10-5) 

of symptoms as well a significant decrease in medication usage (Z = -3.30, p < 

0.001).  Eleven patients showed improvement in symptom severity; ten showed 

improvement in symptom frequency.  Six patients were able to decrease their 

class of medication.  No patients reported worsening of symptoms..

The group treated using CMRT+ (Group C, n = 36) also showed significant 

improvement in severity (Z = -5.01, p < 10-6) and frequency (Z = -4.61, p < 10-5) 

of symptoms as well a significant decrease in medication usage (Z = -3.78, p < 

10-4).  All twelve patients showed improvement in symptom severity; eleven also 

showed improvement in symptom frequency.  Seven patients were able to 

decrease their class of medication.  No patients reported worsening of symptoms.
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* In both trials, change in medication use was determined by the patient in response to their 
perceived needs, in consultation with their general practitioner as appropriate. 
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Figure 5.3.  Change in symptomatic severity within the different treatment 
groups pre- and post-treatment.  All groups showed improvement during 
the course of the trial (p < 0.05); the biggest change was seen in the 
Augmented CMRT group wherein all twelve patients showed 
improvement.
Key: CMRT = Chiropractic manipulative reflex technique.

Figure 5.3
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Figure 5.4.  Change in symptomatic frequency within the different treatment 
groups pre- and post-treatment. All groups showed improvement during the 
course of the trial (p < 0.05); the biggest change was seen in the Augmented 
CMRT group wherein eleven out of twelve patients showed improvement.
Key: CMRT = Chiropractic manipulative reflex technique.

Figure 5.4



  Chapter 5! ! page 162

PHD Thesis: YOUNG, MF (2010)

Figure 5.5

Figure 5.5.  Change in medication usage within the different treatment 
groups pre- and post-treatment.  All groups showed improvement during the 
course of the trial (p < 0.05); the biggest change was seen in the Augmented 
CMRT group wherein seven out of twelve patients were able to downgrade 
their medication use.
Key: CMRT = Chiropractic manipulative reflex technique.



5.2.3 	
 Case controlled comparisons.

The technique groups were also compared to each other to determine whether 

there was any significant difference between the outcome measures using 

normalized data (Figure 5.6).  The Kruskall-Wallis test demonstrated a weak 

trend towards a difference between the three groups; however, this did not reach 

significance at p ≤ 0.05 for frequency (χ2 = 2.68, p > 0.2), severity (χ2 = 2.87, p > 

0.2) or medication use (χ2 = 1.33, p > 0.5).  

This trend was most notable when comparing groups A and C where the Mann 

Whitney U-Test (MW-U) noted a trend that neared statistical significance: 

frequency (Z = -1.55, p = 0.12); severity (Z = -1.50, p = 0.14); medication (Z = 

-0.90, p = 0.37).
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Figure 5.6

Figure 5.6.  Comparison of mean normalized outcome measures for case 
controlled cohort samples (n = 12).  No significant differences were 
detected (p > 0.1).
Key: CMRT = Chiropractic manipulative reflex technique.



5.2.4 	
 Post Hoc analysis. 

The data from all symptomatic patients were investigated post hoc to determine 

whether there were other factors or sub-populations that might warrant further or 

future investigation.  

The effects of chronicity were analyzed by comparing two groups with 

symptomatic duration of 2-10 years and >10 years respectively.  No difference in 

outcomes was noted using the MW-U: frequency (Z = -0.118, p > 0.9), severity 

(Z = -1.19, p > 0.2), medication use (Z = -0.33, p > 0.7).  It was, however, noted 

that the difference in pre-treatment frequency and severity between the two 

groups showed that the more chronic group had a weak trend towards higher 

levels of symptomatology (frequency: Z = -1.88, p = 0.11; severity: Z = -1.88, p 

= 0.06).  

Gender was likewise found to have no significant influence on outcome: 

frequency (Z = -0.64, p > 0.4); severity (Z = -0.26, p > 0.7); medication use (Z = 

-1.13, p > 0.2). 

The data pertaining to the trialists who had undergone gastroscopy enabled 

comparison between an endoscopy-negative group, (ie, those determined to be 

suffering from NERD, n = 17, Group D) with those suffering from small (≤2 cm, 

n = 13, Group E), or large (>2 cm, n = 5, Group F), hiatus hernias (Figure 5.6).

The MW-U showed there to be a significant difference between Groups D and E 

for both frequency (Z = -2.24, p < 0.05) and medication use (Z = -2.30, p < 

0.05) but not for severity (Z = -0.151, p > 0.8).  Significant differences were also 

noted between groups D and F for frequency (Z = -3.01, p < 0.005) and severity 
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(Z = -1.76, p < 0.05) but not for medication (Z = -2.49, p > 0.1). No significant 

differences were noted between groups E and F (Z > -0.4, p > 0.2).
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Figure 5.7

Figure 5.7.  Comparison of mean normalized outcome measures for 
patients with different endoscopy findings.  Significant differences were 
noted in treatment response between those with no endoscopy findings 
and those with hiatus hernias for both severity and frequency of 
symptoms (p < 0.05) but not for medication use (p > 0.1).



5.3.1   Outcomes

The results show significant improvement in chiropractic patients with symptoms 

of heartburn reflux and dyspepsia following treatment, thus disproving the null 

hypothesis.  Eighty-three per cent of patients reported a decrease in the average 

frequency of their symptoms and 78% reported a decrease in the average 

severity.  These changes were found to be statistically significant (p < 0.001).  

Importantly, no patients reported any adverse reaction to treatment and none 

worsened during the course of their care.

There was also a trend towards decreased medication usage (p < 0.05). Of those 

whose condition required pharmacological intervention, 50% took medication at 

a reduced rate following treatment and one-third were able to eliminate the need 

for medication altogether, at least in the short-term.  

If these results were to be repeated on an international scale, they would 

represent a substantial improvement in patient quality of life in combination with 

a saving to healthcare providers of the order of millions of pounds.  Extrapolation 

from these results is, however, severely limited owing to the absence of a control 

group, which precludes establishment of efficacy against natural history, placebo 

or Hawthorne effect.  This is offset to an extent by the exclusion of patients with 

less than two-years’ history of symptoms; clinical experience and the 

overwhelming opinion in the literature shows GORD to be a chronic condition 

with a low incidence of self-resolution and a natural history of gradual 

deterioration.6, 8-10, 12, 573, 616-618  This is further supported by the higher levels of 

symptomatology in those trialists with a history of GORD-related symptoms 
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5.3  Discussion



extending beyond a decade.  It is also not possible to comment on whether any 

benefit extends beyond the period of follow-up, a maximum of six months.

The findings are consistent with the only previously published literature 

regarding chiropractic treatment of symptoms of heartburn, reflux or dyspepsia, 

Hein’s 1999 single case report, which detailed a positive outcome for a patient 

who was treated using Diversified adjustments to the symptomatic lower cervical 

spine (levels unspecified) and to the mid thoracic spine and soft tissue work to 

the adjacent musculature.  The patient became asymptomatic and was able to 

stop taking PPIs; a relapse through re-injury also responded to care. 40   

It also reflects the reports of improvement in gastro-oesophageal function as a 

coincidental benefit of manipulation collected by Leboeuf-Yde, Axén, Ahlefeldt 

et al.604 
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5.3.2   Techniques

A case-control study showed a weak trend towards a difference in outcomes in 

the different treatment groups.  Although this was not significant at p ≤ 0.05, the 

groups were small (n = 12).  The biggest difference was seen between the 

augmented CMRT group and the diversified group where the improvement seen 

in both frequency and severity of symptoms approached statistical significance 

(MW-U Z ≤ -1.50, p ≤ 0.14). 

As this difference was obtained by a single practitioner, it could self-evidently 

not be due to a difference in general clinical experience or patient interaction.  

Although there was a difference in familiarity with the different techniques, this 

actually countered the trend in outcomes: the candidate had been using CMRT+ 

for the least and diversified technique for the longest time. 

Although treatment times were standard (15 mins), it is possible that patients 

perception of the various interventions might be different as diversified technique 

does not involve direct work in the area of related symptomatology.  By the end 

of the trial, word of mouth patient referral had generated some patient 

attendances in which GORD-related symptoms were the primary presenting 

complaint and it may have been the case that the expectations of these patients 

were different from those presenting with secondary symptoms, where the 

primary concern would be to alleviate their musculoskeletal symptoms.

Notwithstanding these limitations, the possibility remains that there is a 

difference between approaches that treat spine only compared to those that 

involve treatment of local reflexes and the psoas muscle(s); however the results 

were insufficiently robust to disprove the null hypothesis.
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5.3.3   Sub-populations

No significant difference in outcomes was found between long-term sufferers (> 

10 years) and those with a less chronic history (2-10 years) or between gender 

(MW-U Z > -1.19, p > 0.2).  With regard to analysis of gender, a significant 

female predominance was noted (3:1); however, as no record was kept of the 

profiles of the global clinical population (ie, those patients who did not have 

GORD-related symptoms or were otherwise excluded from the trial), it is not 

possible to determine whether this represents a true trend in dyspeptic patients or 

reflects a greater uptake of chiropractic by female patients.  Neither of these 

trends had been previously reported.576, 619-622 

The results of endoscopic investigation also appear to be significant with regard 

to prognosis, despite the relatively small size of the groups (5 ≤ n ≤ 17).  In 

particular, those patients with confirmed NERD have significantly better 

outcomes than those with hiatus hernias.  This is of particular clinical 

significance as patients with NERD, who form the majority of those with 

symptoms of reflux (approximately half to two-thirds268, 619, 623) show lower 

improvement rates with anti-reflux medication than those with identified 

pathology and a higher tendency toward chronicity, possibly because NERD 

remains a treatment challenge owing to its lack of clear pathological indicators 

and idiopathic nature.236, 624, 625  

Patients with ERD were not evaluated.  The evaluation of these sub-populations 

was, however, reliant upon patient self-reporting on their gastroscopic findings 

and therefore subject to recall error.
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5.3.4   Further work

This pilot study highlights the need for a further investigation to examine the 

efficacy of chiropractic management of GORD and to determine whether there is 

a significant difference in outcomes between different chiropractic techniques 

and different patient sub-populations.

In order to develop the methodology for this cohort study, an increase in sample 

size is required with regard to both practitioner and patient numbers; the trial also 

needs to have formal controls.  A more refined and robust questionnaire is also 

required; these developments will reflect the doctoral element of the programme 

of study.

To estimate the required increase in sample size required to produce significant 

results, an extrapolative power study was performed using the data from the case 

control study (Figure 5.8).  This shows that significance at α ≥ 0.05 would be 

obtained at n > 30 for both frequency and severity of symptoms and n = 53 for 

medication usage, although this last element was compounded by the non-

progressive nature of the Likert scale for this item; this is discussed further in 

Section 6.1.2. 
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Figure 5.11

Figure 5.11.  Extrapolative power study.  Significance at α ≥ 0.05 is 
obtained at n > 30 for both frequency and severity of symptoms and n = 
53 for medication usage.
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5.3.5   Conclusions

This pilot study suggests that chiropractic intervention has a significantly 

beneficial outcome for chronic sufferers of heartburn reflux or dyspepsia in the 

short to medium term.  The absence of any formal control group precludes any 

assumptions as to efficacy. 

As GORD is expensive to manage, a non-invasive, low complication, effective 

treatment would offer tremendous advantages, for both patient quality of life and 

health service budgets.  By incorporating a control group and using multiple 

treatment centres involving differing chiropractic techniques, it will be possible 

to determine effectiveness and compare patient outcomes from differing 

interventions to potentially improve or refine chiropractic practice.
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6.1  Development

6.1.1.   Introduction

The methodology for the trial was informed by and evolved from the pilot study 

detailed in the chapter 5.  This trial was subsequently reported (Appendix II); it 

was also detailed in an MPhil to PhD transfer document.626  As a result of this 

trial, a number of methodological issues were identified that would need to be 

addressed to improve the rigour of any future trials.  These included:

• The addition of a suitable control

- Allow the determination of cause and effect 

- Eliminate confounding factors

• Recruitment of other practitioners 

- Reduce single-practitioner bias 

- Increase sample sizes to improve study power

- Inclusion of other chiropractic techniques 

• Confirmation of gastroscopic diagnoses 

- Accurately compare different patient sub-populations. 
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6.1.2   Questionnaire

The Greatorex and Thorpe 615 post-surgical questionnaire used for the pilot study 

had been utilized for many years; although it had, in common with all of the 

other questionnaires in the field employed prior to 2000, never been formally 

validated627, although Johnsson, Roth, Damgaard-Pedersen et al had succeeded in 

validating a four-item patient questionnaire that had an 85% success rate in 

predicting erosive GORD in patients, subsequently confirmed by endoscopy.354  

In its modified form, it had proved practical during the pilot study, being simple 

to administer and easily understood by the patients.  It was able to detect clinical 

change, and post hoc analysis of patient records showed it to be accurate – there 

was 100% concurrence with patients’ subjective reporting of improvement, 

worsening or lack of change in their clinical notes, and it also accurately 

identified those patients who reported complete resolution. 

In July 2004, a literature search was conducted to identify whether any pre-existing 

questionnaires had been validated since the pilot study or new questionnaires 

developed (Figure 6.1).  MedLine was searched via PubMed using the Boolean 

terms (Questionnaire[Title] AND ([GERD[MeSH term] or GORD [MeSH term]] 

OR heartburn [MeSH term] OR dyspepsia [MeSH term] OR reflux [MeSH term]); 

retrieved papers were then hand-searched for further relevant citations.  

This search retrieved 45 papers with two additional papers identified by hand 

searching.  Of these 47, 34 were not relevant to the project’s requirements: two 

related to paediatric questionnaires628, 629; 12 were foreign language papers or 

related to the foreign language validation of existing questionnaires630-641; 16 

detailed questionnaires that were diagnostic, epidemiological or ergonomic in 
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nature354, 642-656; and five questionnaires related to functional digestive orders 

with an emphasis on irritable bowel syndrome657-661. 

This left 12 papers, one of which was a systematic review, investigating whether 

a new GORD questionnaire was needed.  Stanghelli, Armstrong, Monnikes et al 

(2004)662 identified ten characteristics that any GORD questionnaire should 

possess (Table 6.1) and concluded that none of the existing questionnaires 

possessed all of the required qualities.

This review, conducted some three months prior to the literature search, 

seemingly both reflected the opinion amongst researchers and also triggered a 

rush to develop a suitable questionnaire.

The remaining 11 papers related to four specific GORD questionnaires. The first 

of these was the Leeds Dyspepsia Questinnaire (LDQ), which was the first in this 

area of research to be validated613; however, it failed to meet the criteria set by 

Stanghelli, Armstrong, Monnikes et al662, in that it was a lengthy survey 

administered by researched interview and not, as the authors themselves pointed 

out, suitable for a clinical setting.

Likewise, the Quality of Life in Reflux and Dyspepsia (QOLRAD) instrument 

was developed progressively through the late 1990s.612, 627, 663-666  It had validated 

forms for both paper and computer delivery; however, it had over two dozen 

items relating in the main to psychosocial issues such as emotional stress, sleep 

disturbance, social functioning and vitality (at the expense of frequency and 

severity of symptoms) that were beyond the scope of this project and would have 

been impractically long to be administered in daily clinical practice.  It also used 

a verbal Likert scale.  It was noted that development work had been carried out 

of the questionnaire since its initial rejection at the time of the pilot study and the 
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literature was monitored during the course of the questionnaire development part 

of the project for further change.

The Gastrointestinal Short Form Questionnaire (GSFQ) was developed in the 

period between the pilot study and the main study and was designed and 

validated to be used in a clinical trial comparing PPIs.667  Although it was 

designed to be self-administered and was of a practical length, its six items 

related only to frequency of symptoms, with no attempt to measure symptom 

severity or to control for external factors such as medication use; it therefore 

failed to meet the criteria set by Stanghelli, Armstrong, Monnikes et al662, in that 

it was not multi-dimensional, did not assess intensity and did not use ‘pictures’ 

and was not deemed suitable for this trial.

 

The final questionnaire was developed by Stanghelli and his co-workers in 

response to their own systematic review.662  The ReQuest form was still ion the 

process of being refined and developed at the time of the literature search.668-670

The authors were contacted directly671 to determine whether the tool would be 

available in time for the trial and to garner sufficient detail to determine its 

suitability; unfortunately, the questionnaire had over four dozen items, making 

impractical for use in an active clinical setting.  The authors also intended to use 

the questionnaire as a commercial venture with not only a license fee but insisted 

that the implementation and analysis of data was all performed be themselves.  

The combined cost of this was beyond the scope of the project, even if the 

questionnaire had been suitable.  

The form did, however, contain items specifically relating to frequency and 

severity of symptoms using a seven-point ‘picture’ scale, which had been 

validated and were of a suitable form to be used within this trial. Although a 

short form of the ReQuest form (ReQuest in Practice)was subsequently 
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developed and validated for specific use in clinical trials,672 this did not happen 

until February 2008 by which time this trial had already commenced.

It was therefore decided that, in the absence of any questionnaire suitable for the 

trial, the best course of action would be to modify the Pilot Study forms in line 

with the recommendations of Stanghelli, Armstrong, Monnikes et al.662 The 

existing Greatorex-based trial form not only used verbal cues for its Likert scale 

(rather than pictures) but had differing scales for the two items relating to 

symptomatic outcome: intensity of symptoms was recorded on a 4-point scale 

(mild, moderate, severe or disabling) at baseline, and a 5-point scale at follow-up 

(the addition of ‘no pain’), whilst symptomatic frequency was given a 5-point 

scale (rarely [< once per month], occasionally [1-5 per month], frequently [2-6 

per week], daily [but intermittent], continuously) at base line and a 6-point scale 

(the addition of ‘never’) at follow-up.  It was decided to employ a standard 7-

point Likert scale (including a null response throughout) for both severity and 

frequency of symptoms.  The presentation of these two items items was then 

adapted from the short-form ReQuest questionnaire.673-675

For the purposes of the pilot study, these items had been followed by one not 

used by Greatrorex and Thorpe615, in which the patient indicated the type of any 

medication they were taking (antacids, H2RAs, PPIs) and how they came by it 

(OTC, prescription).  It had, however, been identified that this scale was not truly 

progressive – a one-point change might merely indicate a change from prescribed 

to OTC medicines rather than clinically significant difference.  It also failed to 

capture change in patients who had not altered their type of medication – a 

patient could have, say, changed their PPI intake from occasionally to twice daily 

and the existing form would fail to capture this.  This inadequacy also had 

ramifications for other outcome measurements: there is difference between 

patients whose symptoms and quantity of medication remain unchanged and a 
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patient who maintains their symptoms at the same level whilst altering the 

quantity of medication required.  

It was ethically impossible to regulate or eliminate the patient’s pharmacological 

management; therefore, the pharmacological section of the pilot study questionnaire 

was augmented to include a Likert item that recorded both the quantity of 

medication being taken as well as the type and source of medication.  This item was 

not identified elsewhere in any of the contemporaneous questionnaires available; 

researchers were instead using slef-completion medication diaries when details as to 

their daily pharmacological regimen were required354.  

 

The forms were colour-coded to enable easy differentiation of baseline and 

outcome data; each form was also numerically coded with a unique practitioner 

number and sequential patient numbering (Figures V.1, V.2).

A separate form was then developed (Figure V.3) to capture information about 

the chiropractors’ patient management.  This requested the following details 

regarding the treatment of the patient:

• Primary technique approach

• Other techniques incorporated

• Number of treatments used to address the dyspeptic symptoms

• Length of time taken to address the dyspeptic symptoms

• Whether dietary advice was given

• Whether lifestyle advice was given

Finally, a form to determine eligibility was designed. This also captured general 

demographic information and a gastrointestinal history; it also contained a 

detachable consent form for the release of information from general practitioner 

records (Figure V.4).
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Figure 6.1

(Questionnaire[Title] AND ([GERD[MeSH term] or 

GORD [MeSH term]] OR heartburn [MeSH term] OR 
dyspepsia [MeSH term] OR reflux [MeSH term])

Retrieved n = 47
Retrieval

Excluded (n = 35)
• Paediatric (n =2)
• Foreign Language (n = 12)
• Relating to Dx etc (n=16)
• Functional GI discorder (n=5)

Leeds 
Dyspepsia 
Questionnaire 
(LDQ)_
(n = 1)

Analysis
Analysed n = 12

Excluded (n = 1)
•Systematic Review (n = 1)

Categorization

Categorized n =11

Quality of Life 
in Reflux & 
Dyspepsia 
Questionnaire 
(QOLRAD)
(n = 6)

Gerd 
Symptom 
Frequency 
Questionnaire
(GSFQ)
(n = 1) 

ReQuest
Questionnaire
(n = 3)

Figure 6.1  Flow chart for literature search regarding questionnaire.

MedLine Search



Criteria 

Be sensitive in GORD patients

Cover the frequency and intensity of 
typical GORD symptoms

Be multi-dimensional

Have psychometric properties

Be practical and economical

Be self-assessed

Use ‘word pictures’

Respond rapidly to changes

Assess changes during and after 
therapy

Be valid in different languages
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Table 6.1.  Stanghelli et al’s 2004 criteria for GORD questionnaires662.

Table 6.1



6.1.3   Ethical approval

Approval for the trial was obtained from the University of Glamorgan Faculty of 

Health, Sports and Science internal ethics committee.  As the trial was conducted 

entirely outside of the auspices of the National Health Service, the National 

Research Ethics Service confirmed that no further approval was required 

(Appendix III).
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6.1.4   Trial protocols

The protocols for the trial were developed from the experiences gained from the 

pilot study.  It had been identified that data collection involved at least three 

individuals (receptionist, patient and chiropractor); it was therefore decided to 

generate an algorithm that would be simple to follow and to use for reference 

when required.  This is detailed in Figure 6.2.  

The algorithm was accompanied by a letter (Figure V.5), which confirmed the 

content of the practitioner pack with narrative details of how the trial should be 

performed, giving those involved the opportunity to absorb the information by 

two different means.

Once the packs had been distributed, no further contact was made with the clinics 

until the end of the trial period, when practitioners were contacted by email to 

remind them to cease data collection and to return their enveloped with the forms 

inside.
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Figure 6.2

 

 

 

 

 

 
 

 

 

 

New patient presents or 

old patient re-presents after 

gap of more than 12 

months 

Give patient – white 

patient information (to 

read and sign) and (green) 

Form A to read and 

complete. 

Place stencil over form, 

ensuring edges align with 

form. 

Are all boxes 

shown in 

stencil 

blank? 

N 

O 

 
 

              YES 

Place Form A in Envelope 

One  

Tick ‘N’ in blue box (for 

office use only)  

Tick ‘Y’ in blue box (for 

office use only)  

Clip Form A to patient file 

Give Form B to patient 

(blue) 

Whilst patient completes 

form, enter details onto 

Patient Record Form. Clip 

Form C (yellow) & Form 

D (pink) to patient file. 

Clip completed 

Form B to patient 

record form (blue) 

Patient undergoes 

treatment. When you have 

finished addressing the 

symptoms pertinent to the 

trial, allow 1 month and 

enter this date in the ‘Form 

B’ column of the patient 

record form 

If the patient has a follow-

up appointment that falls 

on, or no later than 2 

weeks following this date, 

the patient should 

complete Form C (yellow) 

and the chiropractor Form 

D (pink) at this point 

If the patient does not have a follow-up appointment that 

falls on, or no later than 2 weeks following this date, ask the 

patient to attend reception within this time frame to 

complete Form C (yellow). The chiropractor should 

complete Form D (pink) at this point. 

If the patient is unable to attend reception, please telephone 

them to complete the details on Form C (yellow) and then 

complete Form D (pink) yourself. 

Clip forms A, C & D to Form B.  

Put forms in Envelope Two 

 Cross patient from record form  

Figure 6.2.  Algorithm for trial implementation.



6.1.5   Research Question

The research question was: is chiropractic treatment effective in the treatment of 

symptoms of heartburn, reflux or dyspepsia?  

The null hypothesis was, therefore: chiropractic treatment is not effective in 

treatment of symptoms of heartburn, reflux or dyspepsia.

During the process of analysis of the data from the pilot study, it was identified 

that the information garnered would also allow other, secondary, research 

enquiries to be made.  These included the investigation of sub-populations within 

the symptomatic patient group, particularly those who had undergone 

gastroscopy.  The main research question presupposes that biomechanical and/or 

neurological dysfunction can contribute to functional dyspepsia and that patients 

with confirmed diagnoses from gastroscopic investigation might exhibit different 

responses.  In particular, those patients with ENGORD, which, in the absence of 

any identifiable aetiology, might be hypothesized to have a neurological or 

biomechanical component compared to subjects with endoscopically confirmed 

ERD, wherein the pain generator is erosive damage to the oesophageal 

epithelium.

The secondary research question was, therefore: is there a difference in response 

to treatment between the ENGORD and ERD sub-populations?  The null 

hypothesis was: there is no difference in response to treatment between the 

ENGORD and ERD sub-populations.

Finally, it was hoped that sufficient power would be generated by the individual 

technique cohorts for meaningful comparison to be made between different 
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interventions.  Chiropractic research has, for a number of reasons, traditionally 

failed to differentiate between different types of intervention in its research 

methodology, instead concentrating either on ‘chiropractic management of…’ or 

‘spinal manipulative therapy for…’.  This approach presupposes that all 

chiropractic techniques are equal in effectiveness for all conditions; the research 

question was, therefore: are all chiropractic interventions for functional 

dyspepsia equally effective?  The null hypothesis was: all chiropractic 

interventions for functional dyspepsia are not equally effective.
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6.2  Recruitment

6.2.1   Practitioner recruitment

Participants were recruited through the College of Chiropractors, a pan-

professional postgraduate organization, modeled upon, and then seeking to join, 

the traditional Royal Medical Colleges.  This was judged to be the most 

appropriate body through which to seek recruits as its members and fellows have 

either an interest in research and/or commitment to professional development and 

represent all backgrounds and types of technique training both at undergraduate 

and postgraduate level.  The recruitment process in detailed schematically in 

Figure 6.3.

To reduce costs and inconvenience to College staff, contact was made by email; 

this did, however, exclude some members who had either not provided email 

contact details to the College or had indicated that they did not wish to receive 

communications in this format.  In total 1,030 out of 1,468 members were 

contacted by the College’s chief executive officer with an attached invitation to 

participate in the trial (Figure V.6).

A brief form was appended to the email (Figure V.7), which confirmed inclusion 

criteria, captured demographic details (name, address, email) and indicated the 

most probable techniques that would be used on patients.  The form also asked 

for the average weekly throughput of patients in order to confirm that sufficient 

patient recruits would be generated to meet the population size suggested by the 

power study generated from the pilot data (n > 30).  
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Seventy-two chiropractors replied, of whom 42 expressed an interest and 

provided the information requested.  Of these, 33 met the inclusion criteria 

(Table 6.2).  Unfortunately, six recruits withdrew from the trial following receipt 

of their practitioner packs.  The reasons given included pregnancy and maternity 

leave (2); new, competing research involvement (1); and practice development 

(1).  Two chiropractors gave no reason for their withdrawal.

Of those recruited, it subsequently transpired that three failed to implement the 

trial, although this did not emerge until more than six months after the trial’s 

conclusion when their data had still not been returned.  Two recruits explained 

that their clinic receptionists had refused to undertake the extra work, the other 

gave (unspecified) business commitments as the reason for non-participation.

Three other recruits failed to return their data.  Two claimed that the information 

had been destroyed, in one case inadvertently by an over-zealous practice 

manager, in the other by the chiropractor himself who had delayed returning the 

forms and, on seeing the published results of the pilot study, had assumed that 

these were the results of the trial itself and that it was therefore too late to send 

back the forms.  The final recruit claimed to have returned the forms but the two 

stamped, addressed envelopes containing the data were seemingly both lost in the 

post.

This left 21 recruits who returned data, the definition of a recruit being a 

chiropractor-clinic combination; some chiropractors worked in more than one 

clinic and had separate forms for each clinic.  This was permitted so long as the 

individual chiropractor-clinic combinations were likely to provide the desired 

number of patient recruits (Table 6.3).  
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Figure 6.3

E-mailed Invitation  n = 1,030

Figure 6.3  Flow chart for recruitment of practitioners.

Initial Approach

Excluded (n = 988)
• No response (n =958)
• Responded without data form (n = 30)

Selection

Returned Form  n = 42

Excluded (n = 9)
• < 5 years in practice  (n =4)
• < 4 new patients per week (n = 5)

Implementation

Enrolled  n = 33

Withdrew (n = 6)
• Pregnancy/maternity leave (n = 2)
• Other research interest (n = 1)
• Practice development (n = 1)
• No reason given (n = 2)

Data Collection

Trialists  n = 27

Failed to return data (n = 6)
• Too much work (n = 3)
• Destroyed data inadvertently (n=2)

• Lost in post (n = 1)

Data Analysis

Practitioner data sets n = 21



Inclusion criteria

≥ 5 years in clinical practice

Member or Fellow of the College 
of Chiropractors

≥ 40 patient treatments per week

≥ 4 new patients per week
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Table 6.2

Table 6.2.  Inclusion criteria for participating chiropractors.



Chiropractor 
ID

Chiropractor 
Gender

Total 
Subjects

Subjects 
Analysed

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Total

Control

Grand Total

Male 33 2
Male *

Female 23 1
Male **

Female ***
Female 44 7
Female 15 2
Female 15 1
Male 72 11
Male 39 11

Female 8 1
Male ***
Male 59 7
Male 29 7

Female 34 4
Male 16 5

Female 28 1
Female ****
Male 84 12
Male **
Male **

Female 25 1
Female **
Male ****
Male 181 24
Male 30 23
Male 14 6

Female **
Male **

Female ***
Male 60 12
Male 54 6

Female 80 11

943 155

498 52

1441 207
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Table 6.3

Table 6.3.  Recruitment details showing chiropractor gender together with 
patients analysed.  
Key: * Data lost, ** Withdrew from trial, *** Failed to implement trial, **** Data 
destroyed



6.2.2   Recruitment of patients for treatment

The procedure for the trial’s patient recruitment consisted of giving all new 

patients and those patients returning for treatment after a break of more than one 

year with Form A (Figure V.4).  This form was conjoined with and preceded by 

information for patients regarding the trial with a request for informed consent 

for inclusion therein (Figure V.8).  

Form A, once completed by the patient, was covered by a template with cutouts 

that allowed certain boxes, identifying exclusion criteria (Table 6.3), to be 

revealed.  If all the visible boxes remained uncrossed, then the patient was 

eligible for inclusion in the trial; if any of the boxes visible through the template 

were checked, that patient was ineligible.  This offered a quick and simple 

method of ensuring the multiple criteria were accurately assessed.

In the case of ineligible patients, the consent for inclusion was appended to their 

treatment records and Form A placed in Envelope A for return and processing. 

Eligible patients were then asked to start the data capture process by completing 

Form B (Figure V.1).

A total of 1,098 new patients were invited to participate in the trial of which 

1.069 (97.4%) consented.

Recruitment of a control group was conducted separately and is detailed in 

Section 6.2.3.  All patient recruitment is summarized in a CONSORT diagram 

(Figure 6.3)
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Table 6.3.  Exclusion criteria for patients.
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Figure 6.4
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Figure 6.4.  CONSORT diagram detailing patient recruitment and allocation



Exclusion criteria

Data excluded from trial

Pregnancy

Aged < 18 years

History of:
   Barrett’s oesophagus
   Coeliac disease
   Crohn’s disease
   Gastric or laryngeal cancer
   Peptic ulcer
   Scleroderma
   Zollinger-Ellison syndrome

Patients ineligible for participation

As above, plus:

Recent chiropractic treatment (≤ 1 year)

< 2 years history of pertinent symptoms
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Table 6.4

Table 6.4.  Exclusion criteria for patients.



6.2.3   Control group

One criticism of the pilot study, recognized at the time and reflected in the 

comments during the process of pre-publication peer review, was the lack of any 

control group.  This was mitigated in part by enrolling only those patients whose 

history of dyspepsia was of at least two years’ duration, a requirement that was 

(perhaps unnecessarily) retained for the main study.

A number of approaches were considered with regard to obtaining a control 

group.  Self-evidently, it was neither practical nor ethically permissible to 

randomize presenting chiropractic patients into treatment and non-treatment (or 

placebo treatment) groups, as this would involve withholding treatment for their 

primary presenting complaint in order to investigate an incidental clinical 

finding; very few patients would be willing to enter such a trial and would be 

likely to ‘vote with their feet’ and find someone who was willing to treat their 

presenting complaint immediately. 

To circumvent this problem, the gastroenterology departments of seven local 

hospitals* were approached with regard to participation.  It was felt that a 

hospital setting, wherein endoscopic diagnosis was possible, would help identify 

the responses of different dyspepsia sub-populations; it would also be a 

comparatively easy environment in which to effect randomization of any trial 

population.

Unfortunately, none of the seven hospitals acknowledged the approach and, 

despite follow-up, no interest in the trial was elicited.  Owing to the absence of 
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* Bristol Royal Infirmary, Dorset County Hospital, Frenchay Hospital (Bristol), Musgrove Park Hospital, 
Royal Devon and Exeter Hospital, Royal United Hospital Bath, Yeovil District Hospital.



any communication, it was not possible to determine the reason for this; 

however, at the time of the approach, only limited funding for any larger trial had 

been secured.

A local general practitioner research group was then approached.  Although there 

was resistance to randomization of patients without more robust evidence to 

support chiropractic intervention, there was a willingness to provide a control 

group consisting of existing new and/or patients with symptoms of heartburn, 

reflux or dyspepsia, who could then be compared to those recruited within 

chiropractic clinics. 

Unfortunately, it was not possible to secure ethical approval for the trial owing to 

unresolvable disagreement between the local research ethical committee and the 

national committee as to which body had jurisdiction.  The former indicated that, 

because chiropractic patients were to be recruited from clinics throughout the 

UK, national approval needed to be sought; whilst the latter opined that, because 

the NHS involvement was only at a local level, that was where approval needed 

to be granted.  After one year and numerous telephone dialogues, during which 

neither committee were willing to alter their position, it was decided to abandon 

this approach.

An informal survey of non-patients* attending several clinics suggested that five 

clinics should be sufficient to provide a control group of a size consistent with 

the projected size of the treatment groups.  Unfortunately, one of these clinics 

withdrew from the trial; in another, the receptionists objected to the additional 

burden of work.  Of the remaining three clinics, it rapidly became obvious that 

patients who were symptomatic were not content to remain as control subjects 

and, during the first two days of the trial, three of the first four subjects 
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* That is, drivers, helpers, carers, parents, spouses and other relations of attending patients.



immediately enrolled as patients.  The remaining subject was subsequently lost to 

follow-up and so no controls were recruited from this approach.

It was therefore decided that, rather than abandon having a control group 

altogether, which would have detracted from the methodological rigour of the 

trial, a control group could be recruited from former patients who were no longer 

receiving treatment.  It is a regulatory requirement for chiropractors to maintain 

their treatment records for a minimum period of eight years after a patient’s final 

visit, at which time they may be destroyed in a secure fashion (eg incineration or 

shredding).676  Such files at the candidate’s clinics are ordinarily identified and 

processed on an annual basis; in this instance, there had been a 14-month 

accumulation of such files.

Seven hundred and ninety-eight files were identified.  Forty-eight patients were 

excluded as they were aged under 18 years; of the remainder, 531 (70.8%) were 

contactable.  Twenty patients (3.8%) declined to take part in the trial, leaving a 

control population of n = 511.
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6.3  Processing

6.3.1   Data Analysis

Data, which were collected between September 1 2008 and February28 2009, 

were analyzed using SPSS Statistics v17® and Numbers® for Macintosh (iLife 

’09®).  Processing was performed on a MacBook Pro® operated by Mac OS 

10.5.8®.  A statistical plan is detailed in Figure 6.4.

The statistical processes were independently audited and approved at the time of 

the pilot study by Paul Rowson, an independent professional statistician.  The 

substantial majority of the trial data were either ordinal or nominal; therefore, 

almost all the statistical methods used were non-parametric.  The exception to 

this was the analysis of duration of treatments; as these data were continuous, 

two-tailed t-testing was used.  

Comparison of independent samples was made using the Mann-Whitney U test, 

whilst dependent sampling employed the Wilcoxon signed ranks test.  Multiple 

group comparison was made using two-tailed chi-squared testing. 

Intention to treat analysis was considered inappropriate for the study design.  As 

the patients were not randomized but self-selected by dint of their routine 

presentation to a participating chiropractor, the pragmatic nature of the study 

precluded determination of cause and effect, which is one of the main purposes 

of intention to treat analysis.

  Chapter 6! ! page 200

PHD Thesis: YOUNG, MF (2010)



Although there were missing data, these amounted to less than 10% of the total 

analysis (9.2%) , which is below the threshold regarded as being likely to cause 

significant bias677; it is probable, however, that some minor bias was introduced 

as a proportion of the patients who dropped out of  treatment (the overwhelming 

cause of failure to secure follow-up data), may well have done so because of lack 

of response for their primary presenting complaint.  It also would not be possible 

to use ‘last observation carried forward’ as data were only collected at 

presentation and conclusion and, given the use of non-parametric data, therefore 

imputing estimated is not appropriate as estimated data cannot fall between data 

points. 

Non-adherence to protocol was checked: although 13 subjects were incorrectly 

excluded from the trial, there were no instances of data being recorded for 

patients who were ineligible.  There was no mechanism for checking whether 

chiropractors had correctly recorded the correct information as to their 

interventions; however, it might reasonably assumed that the scope for error in 

this area is small and the chances of a patient receiving no intervention almost 

non-existent.  
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Figure 6.5

Figure 6.5.  Statistical plan for main trial.
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7.1   Descriptive Statistics

A total of 1,629 subjects were invited to participate in the trial of which 1,580 

(97.0%) consented.  Of these, 119* failed to meet the inclusion criteria and their 

data were discarded: these are detailed in Table 7.1.  This left a final trial 

population of 1,441 (88.5%).

This population was broken down into ineligible subjects, who provided 

demographic information but took no further part in the trial, and eligible, 

symptomatic subjects.  Of these, 174 entered treatment, of whom 19 were lost to 

follow-up; the final treatment population was, therefore, n = 155 (89.1%).  In 

addition, fifty-three patients were recruited to a control group, which received no 

treatment.  One of these was lost to follow-up, leaving a control population of n 

= 52 (Table 6.2).  This represents a one-month incidence of 14.4%.

The choice of treatment approach was left to the judgement of the individual 

chiropractors; the size of each technique treatment group is detailed in Figure 

7.1.  Fifteen chiropractors used only one primary technique and six employed 

two or more primary techniques (Table 7.2).

The gender profile of the population was 701 (48.6%) male (M) to 740 (51.4%) 

female (F); however, this homogeneous mix was not subsequently observed in 

symptomatic subjects, in whom a female preponderance of 58% (132F:94M) was 

noted (p < 0.05).
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*In addition, 48 control subjects were discounted during the file selection process as their 
demographic data indicated they were under 18 years of age and thus ineligible. 



The age profile of the population is given in Figure 7.2.  Both symptomatic and 

asymptomatic groups were similar in that the most common age of presentation 

was 36-45 years followed by 46-55 years, and the least common presentation 

was greater than 75 years.  The similarity in the proportional representation of 

the different age groups between the two populations suggests that the prevalence 

in different age groups is similar and that the frequencies noted within the 

symptomatic group is merely reflecting the age distribution of the population as a 

whole.  This is reflected in the prevalence by age detailed in Figure 7.3, in which 

all age groups demonstrate a symptomatic incidence of 14%-15% except for the 

66-75 years group (18%) and the over 75 years group (9%).  These findings were 

not statistically significant (p > 0.05). 
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Figure 7.1

Table 7.1.  Size of technique groups.
Key: No Rx = control (no treatment); CMRT = chiropractic manipulative reflex 
technique; CMRT+ = augmented chiropractic manipulative reflex technique; AK = 
applied kinesiology; SOT = sacro-occipital technique.
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Figure 7.2

Figure 7.2.  Number of patients in each age group of the trial population.
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Figure 7.3.  Percentage of symptomatic patients in each age group.
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Exclusion criterion Number of Patients

Aged < 18 years*
78

Pregnant 18

Peptic ulcer 17

Crohn’s disease 4

Barrett’s oesophagus 2

TOTAL
119*
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Table 7.1

Table 7.1.  Patients excluded from trial.

* Forty-eight patients were also excluded from the control group as their juvenile 
status was ascertained in advance of any potential invitation to participate in the 



Chiropractor ID Diversified CMRT CMRT+ AK Activator SOT
1
3
6
7
8
9
10
11
13
14
15
16
17
19
22
25
26
27
31
32
33

•
•
• •
•
•
• •

•
•

•
•

• •
• •

•
•

•
•

•
•
•

• •
• •
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Table 7.2

Table 7.2.  Primary techniques used by individual chiropractors.  Fifteen 
chiropractors used only one technique on their trial subjects; six employed 
two or more techniques.



7.2  Intra-group Analysis  

7.2.1  Control Group

The control group (n = 52) was analyzed for changes in frequency and severity of 

symptoms over the course of three months using descriptive statistics and the 

Wilcoxon signed ranks test (Wsr) (Figure 7.4).

The average frequency of symptoms was 3.85 (± standard deviation (SD) 1.39) 

on the Likert scale at onset and 3.83 (± 1.40) after three months. This change was 

not statistically significant (Wsr Z = -0.66, p = .55).

The average severity of symptoms was 4.04 (± 1.31) on the Likert scale at 

onset and 3.94 (± 1.32) at the conclusion of the trial.  This change was not 

statistically significant (Z = -1.78, p = .08). 

With regard to medication, four patients increased their class of medication (two 

from no medication to antacids, two from antacids to PPIs); none decreased their 

class of medication.  The average class of medication was 2.75 (± 2.04) on the 

Likert scale at onset and 2.88 (± 2.15) at the conclusion of the trial.  This change 

was not statistically significant (Z = -1.84, p = 0.07).   

Twelve subjects also increased the amount of medication they were taking from 

an average Likert score of 3.27 (± 2.29) to 3.50 (±2.22).  This change was 

statistically significant (Z = -3.06, p < 0.05).
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Figure 7.4

Figure 7.4.  Pre- and post-intervention Likert scores for frequency, severity, 
medication type and medication quantity for the control group. No 
significant changes to severity or frequency of symptoms (p > 0.5) or to 
type of medication (p = 0.07); however, there was significant increase in the 
quantity of medication being taken (p < 0.05).



7.2.2  Diversified technique.

The diversified technique group (n = 49*) was analyzed for changes in frequency 

and severity of symptoms and medication use over the course of three months 

using descriptive statistics and the Wsr test (Figure 7.5).

The average frequency at onset was 3.79 (± 1.55 SD) on the Likert scale; at the 

conclusion of the trial period, this had decreased to 3.04 (± 1.40). This comprised 

23 (49%) subjects decreasing the frequency of their symptoms, 8 (17%) 

worsening and 16 (34%) remaining unchanged.  These changes were statistically 

significant (Wsr Z = -3.01, p < 0.005).  

With regard to the severity of symptoms, there was also significant change over 

the duration of the trial, with 21 (45%) patients reporting improvement and 8 

(17%) worsening; the average severity decreased from 3.55 (± 1.61) on the 

Likert scale to 2.91 (± 1.27).  This decrease was statistically significant (Z = 

-2.74, p < 0.01). 

Seven patients (15%) decreased their class of medication; 2 (4%) increased their 

class of medication. This change was statistically significant (Z = -2.02, p < 

0.05).  Ten patients (20%) decreased the amount of medication they were taking, 

5 (10%) increased the amount of medication they were taking; overall, the 

amount of medication being taken decreased from Likert score 3.96 (±2.49) to 

3.37 (±2.37).  This change was significantly significant (Z = - 2.06, p < 0.05).

No adverse reactions were reported by any of the participating chiropractors.
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* One subject completed data on medication use only
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Figure 7.5

Figure 7.5.  Pre- and post-intervention Likert scores for frequency, severity, 
medication type and medication quantity for the diversified technique 
treatment group.  All variables showed significant improvement following 
treatment (p < 0.05).



7.2.3  Chiropractic manipulative reflex technique (CMRT) treatment group

The CMRT group (n = 40) was analyzed for changes in frequency and severity of 

symptoms and medication use over the course of three months using descriptive 

statistics and the Wsr test (Figure 7.6).

The average frequency at onset was 3.72 (± 1.01 SD) on the Likert scale; at the 

conclusion of the trial period, this had decreased to 2.35 (± 1.21). This comprised 

32 (80%) subjects decreasing the frequency of their symptoms, none worsening 

and 8 (20%) remaining unchanged.  These changes were statistically significant 

(Wsr Z = -4.97, p < 0.001).   

With regard to the severity of symptoms, there was also significant change with 

28 (70%) patients reporting improvement and 1 (3%) worsening; the average 

severity decreased from 3.80 (± 1.36) on the Likert scale to 2.70 (± 1.36).  This 

decrease was statistically significant (Z = -4.70, p < 0.001). 

Twelve patients (30%) decreased their class of medication; 1 increased their class 

of medication (3%).  The average class of medication decreased from 3.55 (± 

2.18) on the Likert scale to 2.83 (± 2.16).  This change was statistically 

significant (Z = -2.30, p < 0.05).  With regard to quantity of medication, the 

average Likert score decreased from 4.63 (±1.66) to 3.40 (±2.05); 17 patients 

decreased the amount of medication they were taking, two increased the amount 

of medication they were taking.  This change was statistically significant (Z = 

-3.71, p < 0.001).

No adverse reactions were reported by any of the participating chiropractors.
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Figure 7.6

Figure 7.6.  Pre- and post-intervention Likert scores for frequency, severity, 
medication type and medication quantity for the chiropractic manipulative 
reflex technique treatment group.  All variables showed significant 
improvement following treatment (p < 0.05).



7.2.4  Augmented CMRT (CMRT+) treatment group

The CMRT+ technique group (n = 42) was analyzed for changes in frequency 

and severity of symptoms and medication use over the course of three months 

using descriptive statistics and the Wsr test (Figure 7.7).

The average frequency at onset was 4.10 (± 1.30 SD) on the Likert scale; at the 

conclusion of the trial period, this had decreased to 2.21 (± 1.42).  This 

comprised 35 (83%) decreasing the frequency of their symptoms, 2 (5%) 

worsening and 5 (20%) remaining unchanged. These changes were statistically 

significant (Wsr Z = -5.26, p < 0.001).

With regard to the severity of symptoms, there was also significant change with 

35 (83%) patients reporting improvement and 1 (3%) worsening; the average 

severity decreased from 4.17 (± 1.47) on the Likert scale to 2.02 (± 1.20).  This 

decrease was statistically significant (Z = -5.16, p < 0.001).

Nineteen patients (45%) decreased their class of medication; 1 increased their 

class of medication (2%).  The average class of medication used decreased from 

3.55 (± 2.39) on the Likert scale to 2.45 (± 2.24).  This decrease was statistically 

significant (Z = -3.97, p < 0.001).  With regard to quantity of medication, the 

average Likert score decreased from 4.64 (±1.98) to 2.93 (±2.31); 22 patients 

decreased the amount of medication they were taking, none increased the amount 

of medication they were taking.  This change was statistically significant (Z = 

-4.13, p < 0.001).

No adverse reactions were reported by any of the participating chiropractors.
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Figure 7.7

Figure 7.7.  Pre- and post-intervention Likert scores for frequency, severity, 
medication type and medication quantity for the augmented chiropractic 
manipulative reflex technique treatment group. All variables showed 
significant improvement following treatment (p < 0.001).



7.2.5   Applied Kinesiology (AK) treatment group

The AK technique group (n = 8) was analyzed for changes in frequency and 

severity of symptoms and medication use over the course of three months using 

descriptive statistics and the Wsr test (Figure 7.8).

The average frequency at onset was 3.25 (± 1.28 SD) on the Likert scale; at the 

conclusion of the trial period, this had decreased to 3.00 (± 2.00).  This 

comprised 3 subjects (38%) decreasing the frequency of their symptoms, 4 (50%) 

worsening and 1 (13%) remaining unchanged. These changes were statistically 

not significant (Wsr Z = -1.36, p = 0.18).

With regard to the severity of symptoms, there was significant change with 5 

(72%) patients reporting improvement and none worsening; the average severity 

decreased from 3.63 (± 1.19) on the Likert scale to 2.38 (± 1.41).  This decrease 

was statistically significant (Z = -2.12, p < 0.05).

One patients (13%) decreased their class of medication; one increased their class 

of medication.  The average class of medication used decreased from 3.13 (± 

2.59) on the Likert scale to 2.50 (± 2.07).  This decrease was not statistically 

significant (Z = -1.00, p = 0.3).  With regard to quantity of medication, the 

average Likert score decreased from 3.00 (±2.39) to 2.63 (±1.77); 3 patients 

decreased the amount of medication they were taking, one increased the amount 

of medication they were taking.  This change was not statistically significant (Z = 

-0.55, p = 0.58).

No adverse reactions were reported by any of the participating chiropractors.
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Figure 7.8

Figure 7.8.  Pre- and post-intervention Likert scores for frequency, severity, 
medication type and medication quantity for the applied kinesiology 
technique treatment group.  Frequency and severity of symptoms showed 
significant improvement following treatment (p < 0.05); however, there was 
no significant change in medication use (p ≥ 0.3).



7.2.6   Activator treatment group

The Activator technique group (n = 10) was analyzed for changes in frequency 

and severity of symptoms and medication use over the course of three months 

using descriptive statistics and the Wsr test (Figure 7.9).

The average frequency at onset was 4.40 (± 1.78 SD) on the Likert scale; at the 

conclusion of the trial period, this had decreased to 2.9 (± 1.73). This comprised 

5 subjects (50%) decreasing the frequency of their symptoms, none worsening 

and 5 (50%) remaining unchanged. These changes were statistically significant 

(Wsr Z = -2.03, p < 0.05).

With regard to the severity of symptoms, there was also significant change with 5 

(50%) patients reporting improvement and only one (10%) worsening; the 

average severity decreased from 3.90 (± 1.52) on the Likert scale to 2.60 (± 

1.17).  This decrease was statistically significant (Z = -2.00, p < 0.05).

Two patients (20%) decreased their class of medication; one (10%) increased 

their class of medication.  The average class of medication used decreased from 

4.10 (± 2.60) on the Likert scale to 3.10 (± 2.33).  This decrease was not 

statistically significant (Z = -1.01, p = 0.3). With regard to quantity of 

medication, the average Likert score decreased from 3.90 (±2.13) to 3.00 

(±2.21); 3 patients decreased the amount of medication they were taking, none 

increased the amount of medication they were taking.  This change was not 

statistically significant (Z = -1.63, p = 0.1).

No adverse reactions were reported by any of the participating chiropractors.
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Figure 7.9

Figure 7.9.  Pre- and post-intervention Likert scores for frequency, severity, 
medication type and medication quantity for the activator technique 
treatment group.  Frequency and severity of symptoms showed significant 
improvement following treatment (p < 0.05); however, there was no 
significant change in medication use (p ≥ 0.1).



7.2.7   Sacro-occipital technique (SOT) treatment group

The SOT group (n = 7) was analyzed for changes in frequency and severity of 

symptoms and medication use over the course of three months using descriptive 

statistics and the Wsr test (Figure 7.10).

The average frequency at onset was 4.29 (± 0.95 SD) on the Likert scale; at the 

conclusion of the trial period, this had decreased to 3.00 (± 1.00). This comprised 

5 subjects (71%) decreasing the frequency of their symptoms, none worsening 

and 2 (19%) remaining unchanged.  These changes were statistically significant 

(Wsr Z = -2.06, p < 0.05).

With regard to the severity of symptoms, there was no significant change with 4 

(57%) patients reporting improvement and one (10%) worsening; the average 

severity decreased from 3.43 (± 1.13) on the Likert scale to 2.86 (± 0.90).  This 

decrease was not statistically significant (Z = -1.63, p = 0.1).

Four patients (57%) decreased their class of medication; none increased their 

class of medication.  The average class of medication used decreased from 3.86 

(± 1.57) on the Likert scale to 2.43 (± 1.13).  This decrease was, however, not 

statistically significant (Z = -1.82, p = 0.07). With regard to quantity of 

medication, the average Likert score decreased from 4.71 (±1.50) to 3.14 

(±2.12); 6 patients decreased the amount of medication they were taking, one 

increased the amount of medication they were taking.  This change was not 

statistically significant (Z = -1.36, p = 0.18).

No adverse reactions were reported by any of the participating chiropractors.
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Figure 7.10

Figure 7.10. Pre- and post-intervention Likert scores for frequency, 
severity, medication type and medication quantity for the sacro-occipital 
technique treatment group.  Frequency of symptoms showed significant 
improvement following treatment (p < 0.05); however, there was no 
significant change in symptoms severity or in medication use (p ≥ 0.07).



7.3  Intervention Compared to Control  

The normalized values for the various technique groups were compared to the 

those of the control group for frequency (Figure 7.11) and severity (Figure 7.12) 

of symptoms; class (Figure 7.13) and quantity (Figure 7.14) of medication using 

the Mann-Whitney U-Test (MW-U).  The results are summarized in Table 7.3.  

• In the diversified technique and SOT groups, there were significant 

improvements in the frequency of symptoms and medication class 

and quantity scores; however, the change in severity failed to reach 

significance. 

• In the CMRT and CMRT+ groups, there were significant 

improvements in all categories. 

• In the AK group, there were significant improvements in severity of 

symptoms and quantity of medication; the improvements in 

symptom frequency and medication class did not reach statistical 

significance.  

• In the activator group, there were significant improvements for all 

variables except for class of medication. 

Overall, the treatment group showed significant improvement for all variables 

when compared to the control group: frequency (Z = -6.38, p < 0.001), severity 

(Z = -5.59, p < 0.001), class of medication (Z = -4.23, p < 0.001) and quantity of 

medication (Z = -5.64, p < 0.001).
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Figure 7.11

Figure 7.11  Inter-group comparison of normalized frequency of symptoms 
showing the relative change in the occurrence of symptoms.  With the 
exception of the AK group (p = 0.39), all techniques showed significant 
improvement compared to the control group (p ≤ 0.003).  The CMRT and 
CMRT+ groups were significantly more effective than the Diversified group 
(p < 0.05).  
Key: CMRT = chiropractic manipulative reflex technique; CMRT+ = augmented 
chiropractic manipulative reflex technique; AK = applied kinesiology; SOT = 
sacro-occipital technique.
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Figure 7.12

Figure 7.12.  Inter-group comparison of normalized severity of symptoms 
showing the relative change in the intensity of symptoms.  With the 
exception of the Diversified and SOT groups (p ≥ 0.06), all techniques 
showed significant improvement compared to the control group (p < 0.05).  
The CMRT+ group was more effective than all the other techniques but 
these differences only reached significance when compared to the 
Diversified, CMRT+ and SOT groups (p ≤ 0.01).  The CMRT group was 
more effective than the Diversified group (p ≤ 0.01).  
Key: CMRT = chiropractic manipulative reflex technique; CMRT+ = augmented 
chiropractic manipulative reflex technique; AK = applied kinesiology; SOT = 
sacro-occipital technique.
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Figure 7.13

Figure 7.13.  Inter-group comparison of normalized medication class 
showing the relative change in the type of medication being taken.  All 
groups showed significant downgrading of their medication requirements 
against control (p < 0.02) apart from the AK and Activator groups (p ≥ 
0.07).  The SOT and CMRT+ groups were more effective than the 
Diversified group (p ≤ 0.02).
Key: CMRT = chiropractic manipulative reflex technique; CMRT+ = augmented 
chiropractic manipulative reflex technique; AK = applied kinesiology; SOT = 
sacro-occipital technique.
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Figure 7.14

Figure 7.14  Inter-group comparison of normalized medication quantity 
showing the relative change in the amount of medication being taken.  All 
treatment groups were able to reduce the quantity of medication being 
taken when compared to control (p < 0.05).  The CMRT, CMRT+ and SOT 
groups were more effective than the Diversified group (p < 0.05).
Key: CMRT = chiropractic manipulative reflex technique; CMRT+ = augmented 
chiropractic manipulative reflex technique; AK = applied kinesiology; SOT = 
sacro-occipital technique.



Treatment Group Frequency Severity Medication 
class

Medication 
quantity

Diversified 
technique

Z

p

Chiropractic 
manipulative 

reflex technique

Z

p

Augmented 
chiropractic 
manipulative 

reflex technique

Z

p

Applied 
Kinesiology

Z

p

Activator 
technique

Z

p

Sacro-occipital 
technique

Z

p

-2.92

0.003

-1.87

0.06

-2.50

0.012

-2.92

0.003

-6.95

4 x 10-12

-5.43

6 x 10-8

-3.67

7 x 10-5

-4.88

1 x 10-6

-6.85

8 x 10-12

-6.62

3 x 10-11

-4.74

2 x 10-6

-5.98

2 x 10-9

-0.87

0.39

-3.05

0.002

-1.82

0.07

-2.05

0.04

-3.41

0.001

-2.06

0.04

-1.43

0.15

-2.90

0.004

-3.90

1 x 10-4

-1.77

0.08

-4.33

1 x 10-5

-3.64

3 x 10-4
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Table 7.3

Table 7.3.  Z and p-values from Mann-Whitney U-test comparing technique 
groups with control. 



The inter-group differences are detailed in Figures 7.11– 7.14.

7.4.1   Diversified technique group

Comparing the diversified technique group with the CMRT group, the latter was 

more successful in reducing both the patient’s frequency (MW-U Z = -2.95, p < 

0.005) and severity (Z = -2.60, p < 0.01) of symptoms.

The class of medication also reduced more in the CMRT group when compared 

to the diversified group; however, this change did not reach statistical 

significance (Z = -1.69, p = 0.09).  The same applied to the quantity of 

medication although, in this instance, significance was achieved (Z = -2.14, p = 

0.03).

The diversified technique group was also less successful than the CMRT+ group 

with regard to all of the variables: frequency of symptoms (Z = -3.69, p < 0.001), 

severity of symptoms (Z = -4.53, p < 0.001), class of medication (Z = -2.80, p = 

0.005) and quantity of medication (Z = -3.37), p = 0.001).

There was no significant difference between the diversified technique group (n = 

48) and the much smaller AK (n = 8) and activator (n = 10) groups for any of the 

variables (Z < -1.60, p > 0.1).

Compared to the other small group, the SOT group (n = 7), there was also no 

significant difference in frequency (Z = -1.03, p > 0.3) or severity (Z = -0.40, p > 
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7.4   Inter-group Comparison



0.6) of symptoms; however, the diversified group was significantly less effective 

in reducing both class of medication (Z = -2.44, p = 0.02) and quantity of 

medication (Z = -2.33, p = 0.02).
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7.4.2   CMRT treatment group

The CMRT group is compared with the diversified group in section 7.4.1.

Comparing the CMRT group with the CMRT+ group, the latter was significantly 

more successful at reducing the severity of symptoms (Z = -3.01, p < 0.005) but 

the improvement in symptom frequency failed to reach statistical significance (Z 

= -1.42, p = 0.16) as did that for medication class (Z = -1.25, p = 0.21) and 

quantity (Z = -1.28, p = 0.2).

There was no significant difference between the CMRT group and the AK group 

(-0.4 < Z < -1.01, p > 0.3), the activator group ( Z < -0.72, p > 0.5), or the SOT 

group (-0.69 < Z -1.39, p > 0.16).
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7.4.3   Augmented CMRT treatment group

The CMRT+ group is compared with the diversified group in section 7.4.1 and 

with the CMRT group in section 7.4.2.

The CMRT+ group was more successful than the AK group for all variables; 

however, none of these differences reached statistical significance: frequency of 

symptoms (Z = -1.77, p = 0.08), severity of symptoms  (Z = -1.19, p = 0.24), 

class of medication (Z = -1.32, p = 0.19) or quantity of medication (Z = -1.67, p 

= 0.1).

The same was true for the activator group: severity of symptoms (Z = -1.40, p = 

0.16), frequency of symptoms (Z = -1.80, p = 0.07), class of medication (Z = 

-1.06, p = 0.29) and quantity of medication (Z = -1.23, p = 0.22).

When compared to the SOT group, the CMRT+ group’s superiority in reducing 

symptom severity did reach statistical significance (Z = -2.56, p = 0.01); that for 

symptom frequency (Z = -1.45, p = 0.15) did not.  There was also no significant 

difference between the groups with regard to class (Z = -0.34, p = 0.74) or 

quantity (Z = -0.18, p =0. 86) of medication.
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7.4.4   AK treatment group

The AK group is compared with the diversified group in section 7.4.1, with the 

CMRT group in section 7.4.2 and with the CMRT+ group in section 7.4.3.

There were no significant differences between the AK group and the activator 

and SOT groups for any of the variables (-0.06 < Z < -1.93, p > 0.05).
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7.4.5   Activator treatment group

The activator group is compared with the diversified group in section 7.4.1, with 

the CMRT group in section 7.4.2, with the CMRT+ group in section 7.4.3 and 

with the AK group in 7.4.4.

There was no significant difference between the activator group and SOT group 

for any of the variables (0.00 < Z < -1.27, p > 0.2).
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7.4.6   SOT treatment group

The SOT group is compared with the diversified group in section 7.4.1, with the 

CMRT group in section 7.4.2, with the CMRT+ group in section 7.4.3, with the 

AK group in 7.4.4 and with the activator group in 7.4.5.
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7.4.7   Treatment approach

The different treatment groups encapsulated two different approaches to 

chiropractic management.  The diversified and activator groups represent a 

spinal-based model, whereas the CMRT, CMRT+ and SOT groups include both 

spinal treatment and, if required, direct treatment of the psoas muscles.  The AK 

group was excluded from this analysis.  

The two groups (non-psoas and psoas) were compared for symptom outcome 

measures using the MW-Ut (Figure 7.15): the psoas group had significantly 

better outcomes for all variables: Symptom frequency (Z = -3.71, p < 0.001), 

symptom severity (Z = -3.87, p < 0.001), class of medication (Z = -2.77, p = 

0.006) and quantity of medication (Z = -3.28, p = 0.001).
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Figure 7.15

Figure 7.15.  Comparison of treatment groups that routinely included 
treatment of the psoas muscle with those that did not.  The psoas group was 
significantly more effective that the non-psoas group for all outcome 
variables (p ≤ 0.006).



7.5  Additional Interventions

Some chiropractors combined their treatment with dietary and lifestyle advice; 

the inclusion of these additional interventions was analyzed to see whether it had 

any bearing on outcomes.

With regard to dietary advice, 61 patients were given dietary advice and 94 were 

given no advice.  The group that had no advice given improved slightly more 

than the group that was given advice; however, statistical significance was not 

achieved for frequency of symptoms (MW-U Z = -0.77, p = 0.4), severity of 

symptoms (Z = -1.15, p = 0.3), class of medication (Z = -1.75, p = 0.8) or 

quantity of medication (Z = -1.24, p = 0.2).

Similar results were obtained for those patients given lifestyle advice.  The 61 

patients given lifestyle advice improved less than the 93 who were not given 

advice; however, these results again failed to reach statistical significance for 

frequency of symptoms (MW-U Z = -1.35, p = 0.2), severity of symptoms (Z = 

-1.84, p = 0.7), class of medication (Z = -0.94, p = 0.5) or quantity of medication 

(Z = -1.31, p = 0.19).  

Fifty-eight patients were given both dietary and lifestyle advice, again, these 

patients fared less well that those patients given no advice; however, these results 

again failed to reach statistical significance for frequency of symptoms (MW-U Z 

= -0.37, p = 0.13), severity of symptoms (Z = -0.839, p = 0.40), class of 

medication (Z = -0.37, p = 0.71) or quantity of medication (Z = -0.785, p = 0.43).
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7.6   Medication

Of the 131 patients in the treatment group who were taking medication at the 

start of the trial, 64 (49%)* were able to reduce their medication, either with 

regard to the class of medication being taken or the quantity of medication being 

taken (or both) (Table 7.4).  By the end of the trial, the number of patients taking 

PPIs had decreased from 39 to 24; the number taking no medication had 

increased from 24 to 59 (Table 7.5).  All classes of medication use decreased 

during the course of the trial apart from OTC H2RAs, which remained the same 

(n = 7).

Fifteen patients (10%) increased their use of medication, whilst 76 patients’ 

medication use remained unchanged (49%).

By contrast, in the control group (n= 52), no subjects decreased their medication 

usage and 13 (25%) increased their medication.  The majority (39, 75%) 

remained stable in their pharmacological management.
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* The variation from the figure in the table is due to the inclusion of patients who were taking no 
medication at the start of the trial



Treatment 
Group

Increased use of 
medication

Decreased use 
of medication

Medication use 
unchanged

No treatment 
(control)

13 (25%) 0 (0%) 39 (75%)

Diversified 
technique

7 (15%) 10 (21%) 31 (65%)

Chiropractic 
manipulative 

reflex technique

3 (8%) 18 (45%) 19 (48%)

Augmented 
chiropractic 
manipulative 

reflex technique

2 (5%) 24 (57%) 16 (38%)

Applied 
Kinesiology

1 (13%) 4 (50%) 3 (38%)

Activator 
technique

1 (10%) 2 (20%) 7 (70%)

Sacro-occipital 
technique

1 (14%) 6 (86%) 0 (0%)

Treatment 
Group Total

15 (10%) 64 (41%) 76 (49%)
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Table 7.4

Table 7.4.  Changes in medication usage by technique group.



Medication type At start of trial At end of trial

No medication

OTC antacids

Prescription antacids

OTC H2RAs

Prescription H2RAs

OTC PPIs

Prescription PPIs

24 59

63 48

10 7

7 7

4 3

8 7

39 24
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Table 7.5

Table 7.5.  Changes in medication usage by medication type.



There was some variation in the number of treatments during which the 

individual chiropractors felt they had specifically directed treatment at the 

presenting complaints.  Nine chiropractors entered ‘0’ (9 diversified, 1 CMRT).

Similarly, there were differences in the length of time over which this treatment 

was delivered; again, some chiropractors entered ‘0’ (8 diversified).  These cases 

were excluded from subsequent evaluation.

The average number of treatments for the whole trial was 3.1 (± 1.8 SD); these 

were delivered over an average period of 4.4 (± 2.7) weeks, equating to an 

average frequency of 0.9 (± 0.5) treatments per week (Table 7.6).

The treatment group that required the most treatment was SOT (6.6 ± 5.4); this 

group also required the longest time (6 weeks ± 0.0). That requiring the least 

amount of treatment was the CMRT+ group (2.5 ± 0.9); the activator group 

required the shortest length of time (3.5 weeks ± 0.7) (Figures 7.16, 7.17).

These differences were both clinically and statistically significant in several 

instances:

• The CMRT group used fewer treatments than either the activator group 

(-1.73 ± 0.49, p = 0.001, 95% Confidence Interval (CI) = -2.7 to -0.7) 

and the SOT group (-3.63 ± 1.0, p = 0.04, CI = -5.65 to -1.60)
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7.7 Amount of Treatment Required



• The CMRT+ group used fewer treatments than the AK group (-0.42 ± 

0.40. p = 0.05, CI = -1.24 to -0.40) and the SOT group (-4.15 ± 0.85, p < 

0.001, CI = -5.86 to -2.43) 

• The AK group used fewer treatments than the activator group (-1.82 ± 

0.72, p < 0.001, CI -3.35 to -0.30)

• The activator group used a shorter timeframe (- 2.50 ± 0.52 weeks, p = 

0.03, CI = -3.66 to -1.34 weeks) than the SOT group.

There was also one instance where a difference was found that was not 

statistically significant but may have clinical significance:

 

• The Activator group used fewer treatments than the SOT group (-1.90, p 

< 0.05, CI = -5.63 to 1.83).
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Figure 7.16

Figure 7.16.  Mean number of treatments directed at symptoms of heartburn, 
reflux or dyspepsia for each technique group.
Key: CMRT = chiropractic manipulative reflex technique; CMRT+ = augmented 
chiropractic manipulative reflex technique; AK = applied kinesiology; SOT = 
sacro-occipital technique.
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Figure 7.17

Figure 7.17.  Mean duration of treatment directed at symptoms of 
heartburn, reflux or dyspepsia for each technique group.  The CMRT+ 
group required less time than the AK and Activator groups (p < 0.05); the 
AK group required less time than the SOT group (p = 0.02); the Activator 
group required less time  than the SOT group (p = 0.03).
Key: CMRT = chiropractic manipulative reflex technique; CMRT+ = augmented 
chiropractic manipulative reflex technique; AK = applied kinesiology; SOT = 
sacro-occipital technique.



  Chapter 7! ! page 248

PHD Thesis: YOUNG, MF (2010)

Table 7.6

Table 7.6.  Average number and frequency of treatments amongst the 
different treatment groups.  The CMRT group required fewer treatments 
than the activator and SOT groups (p < 0.05); the CMRT+ group used fewer 
treatments than the AK and SOT groups (p ≤ 0.05) and less time than the 
AK and Activator groups (p < 0.05); the AK group used fewer treatments 
than the Activator group (p < 0.001) and less time than the SOT group (p = 
0.02); the Activator group used fewer treatments (p = 0.02) over a shorter 
timeframe (p = 0.03) than the SOT group.

Key: OTC, over the counter; H2RA, H2 receptor agonist; PPI, proton pump 
inhibitor.

Treatment Group Average 
number of 

treatment (± 
SD)

Average 
duration of 
treatment (± 

SD)

Average 
frequency of 
treatment per 
week (± SD)

Diversified 
technique

3.2 (± 1.6) 4.6 (± 3.5) 1.0 (± 0.7)

Chiropractic 
manipulative 

reflex technique

3.1 (± 1.3) 4.6 (± 2.6) 0.8 (± 0.4)

Augmented 
chiropractic 
manipulative 

reflex technique

2.5 (± 0.9) 4.3 (± 2.6) 0.7 (± 0.3)

Applied 
Kinesiology

2.9 (± 1.8) 4.1 (± 3.4) 1.0 (± 0.5)

Activator 
technique

4.7 (± 1.3) 3.5 (± 0.7) 1.4 (± 0.4)

Sacro-occipital 
technique

6.6 (± 5.4) 6.0 (± 0.0) 1.8 (± 0.5)

Treatment Group 
Average

3.1 (± 1.8) 4.4 (± 2.7) 0.9 (± 0.5)
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Table 7.5.  Changes in type of medication usage in treatment population.



7.8  Endoscopy Patients

Within the totality of the trial population, 84 subjects reported that they had 

undergone gastroscopic investigation.  Their general practitioners were 

contacted, enclosing the patient consent forms, to confirm the resulting diagnosis.  

Five GPs did not reply, despite follow-up, and one replied that there was no 

evidence that the subject had ever undergone such investigation.  This left 78 

patients with a known, confirmed diagnosis (Table 7.7); however, a significant 

number of these did not form part of the treatment group on the grounds that they 

had not been symptomatic in the month prior to presentation.

Within the treatment group, 34 patients had undergone gastroscopy; 

unfortunately, this provided only small sample groups.  Chi-squared (χ2) analysis 

on the inter-group differences fell just short of significance: severity of symptoms 

(χ2 = 7.96, p = 0.09), frequency of symptoms (χ2 = 8.21, p = 0.08), class of 

medication (χ2 = 6.95, p = 0.14) and (χ2 = 8.70, p = 0.07) (Figure 7.18).
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Figure 7.18

Figure 7.18. Comparison of outcome measure for endoscopically 
diagnosed patients.  Chi-squared (χ2) analysis on the inter-group 
differences fell just short of significance (0.07 ≤ p ≤ 0.14). 
Key: ENGORD = Endoscopy negative gastro-oesophageal reflux disorder, ERD 
= Erosive reflux disorder.



Endoscopy finding Total Population Treatment population

ENGORD

ERD

Hiatus hernia < 2 cm

Hiatus hernia = 2 - 5 cm

Hiatus hernia > 5 cm

Total

22 7

15 6

22 13

14 6

5 0

78 34
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Table 7.7

Table 7.7.  Diagnoses for endoscopically investigated patients 
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8.1   Issues of Methodology

8.1.1   Recruitment

The recruitment of chiropractors took place by email through the College of 

Chiropractors.  It was thought that, by using a pan-professional organization with 

a strong ethos in both research and continuing professional development (CPD), 

its members would represent chiropractors who would be more likely to 

volunteer to participate in clinic-based research.

With hindsight, this approach was flawed in two aspects.  Firstly, from a practical 

standpoint, it limited the potential pool of recruits to the two-thirds of the 

chiropractic population who belong to the College of Chiropractors (n ≈ 1,500).  

Secondly, by choosing to contact its members by email, this further reduced 

potential recruits by 30%, to those who had elected to have email contact; 

subsequent in-house analysis of information technology usage by the College has 

indicated that as few as 400 members open and read emails originating from the 

College on a regular basis.678

This approach, therefore, effectively limited the recruitment pool to 

approximately 15% of practising chiropractors; therefore, future recruitment 

should also include the four professional associations* that, between them, 

represent over 95% of chiropractors, or the General Chiropractic Council with 

whom all chiropractors must legally be registered.679
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* British Chiropractic Association, McTimoney Chiropractic Association, Scottish Chiropractic 
Association and United Chiropractic Association.



The approach that was adopted also resulted in two potential elements of bias 

being introduced:

Firstly, chiropractors who belong to the College generally do so to take 

advantage of the structured postgraduate environment, which includes not just 

CPD and research but also pathways to membership and fellowship, involving 

the accumulation of Masters’ level credits or professional equivalents; additional 

CPD for membership of specialist faculty groups; and the chance to be audited 

for the College’s awards of excellence, the Patient Partnership Quality Mark and 

the Clinical Management Quality Mark.  It might therefore be supposed that they 

represent a proportion of the profession who strive for higher levels of clinical 

proficiency and who may not be fully representative of general chiropractic 

practice.

Secondly, those chiropractors who receive and open emails, may well represent 

those with greater access to and utilization of information technology, which has 

been shown to be associated with more successful practice and better clinical 

outcomes.680, 681

The exclusion criteria may have introduced further selection bias into the 

recruitment process.  The requirement that all participants be graduated for five 

years or more was included in an attempt to get a more homogeneous level of 

practitioners’ skills, as it takes time to acquire examination and adjustment 

proficiency beyond graduation, at which point the practitioner will have carried 

out only 400 treatments, compared to the 20,000 - 30,000 that will typically have 

been performed by a fifth-year practitioner.682  This, however, ignores the fact 

that SOT and CMRT, which, along with craniopathy, form a part of the spectrum 

of SOT practice, are learned over a four-year period and are only taught to 

postgraduate students.  The same is true of AK and activator techniques, which 

  Chapter 7! ! page 254

PHD Thesis: YOUNG, MF (2010)



are typically learnt through 100 hours of teaching plus additional directed 

learning, usually over a two to three year period.  Graduates of five years do not, 

therefore, necessarily have five years’ experience in the techniques they are 

using, so a difference in experience, and therefore proficiency level, might be 

expected between the different technique groups.

The exclusion criteria also included chiropractors with low levels of patient 

numbers; this may have served to inadvertently filter out chiropractors whose 

level of private practice (over 99% of all chiropractic consultations are non-NHS) 

reflects a lack of success, and also those who practise part-time who will, as a 

consequence, have lower levels of clinical experience than their full-time 

contemporaries.  The wording of the recruitment form also assumed that anyone 

who had graduated five years previously would have five years of clinical 

experience thus possibly excluding postgraduate research fellows, those with 

periods of maternity leave, practice sabbaticals or suspension.

It would seem probable, therefore, that there is a degree of bias in the recruitment 

of chiropractors to the trial both in terms of representation of the profession as a 

whole and between the diversified technique group and the other technique 

groups in which the skills were acquired on a postgraduate basis; however, the 

latter groups generally obtained better outcomes than the former, suggesting that 

this bias may not have confounded the results of the trial. 

Chiropractors’ routine examination for the determination of treatment needs, and 

their resultant treatment, are determine by established and largely standardized 

protocols, which are utilized many times each and every working day. 

Chiropractors who fail to treat their patients in a manner that results in clinical 

improvement will not survive in private practice; therefore it might be assumed 

that the chiropractic treatment was delivered in a reliable manner.
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Elements of bias were also identified in patient recruitment – obviously all those 

forming the treatment group were patients who had already made the decision to 

pay to attend a chiropractic clinic, albeit for primary conditions that they would 

not, in all probability, have associated with any digestive symptoms.  It might 

therefore be assumed that they had positive preconceptions regarding the 

effectiveness or perceived benefit of chiropractic care.  Selection bias may, 

therefore, limit the ability to generalize the results to the population as a whole.

Again, the exclusion criteria had the potential to introduce bias in that patients 

were allowed to joint the trial if they had not had chiropractic treatment for one 

year or more.  This presumes that there is no long term benefit from chiropractic 

treatment; it also makes no investigation with regard to other forms of 

manipulative therapy – the candidate’s own clinical experience of more than 

10,000 presenting patients suggests that many attend a chiropractor having 

previously seen an osteopath or physiotherapist and, as discussed in Section 

4.3.3, there has been no investigation as to the effects of these disciplines on 

gastrointestinal symptoms.  Ideally, the patient population would be restricted to 

those who had never undergone spinal manipulative therapy (SMT); however, 

pragmatically, it might well have served to reduce recruitment numbers to the 

point whereby the power of the study was too low to produce meaningful results.

The control group had the strongest potential for selection bias.  This group was 

formed by previous patients of the clinic who had not attended for treatment for 

at least eight years and comprised patients who had completed courses of 

successful treatment, patients who had completed unsuccessful courses of 

treatment and patients who had failed to complete a course of treatment.  As 

such, it would be unsafe to assume that this group was necessarily comparable 

with a cohort presenting for chiropractic treatment for the first time.  This group 
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was also recruited by telephone, unlike the treatment group, who were 

interviewed face to face. 

Notwithstanding these selection biases, the recruitment rate was very high for 

both treatment and control groups (> 95%) and the normalization of the data 

allowed for any lack of initial homogeneity in the different trial groups.

The biggest issue with regard to recruitment was, however, the impracticality of 

randomizing a control group.  In private clinical practice, to assign symptomatic 

patients attending for treatment into a group that is to receive no treatment in 

order to investigate a secondary complaint raises significant ethical issues.  From 

a practical standpoint, it is also not financially viable for the clinic, nor 

acceptable to the patient, who would be likely to simply seek redress for their 

complaint elsewhere.

This impasse, a recurrent theme in chiropractic research, has led Bolton and 

others 683-685 to question the role of the RCT – a methodology originally designed 

for pharmacological trials – in chiropractic practice, and to suggest that other 

methodologies may well be better suited to research enquiry in this field; 

certainly, the advantage of the methodology adopted in this instance is the direct 

generalizability of the results to daily chiropractic practice.

The failure to have a randomized control group does remove the ability to draw 

robust conclusions from the treatment groups as to comparative efficacy; 

however, its presence does allow for direct comparison with a demographically 

and medically similar cohort with regard to the natural history of symptoms of 

dyspepsia, heartburn and reflux.  The performance of this control was consistent 

with other studies for wider population that suggest symptoms tend to be chronic 

and slowly progressive.617, 686-691 
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8.1.2   Questionnaires

The items eliciting frequency and severity of symptoms were taken from the 

ReQuest short form questionnaire, which has been internationally validated and 

found to be both reliable and responsive.692, 693  This questionnaire was chosen 

because it used a 7-point Likert scale with word anchors, which Wyrwich and 

Tardino recommended in their 2004 blueprint for GORD questionnaire design as 

offering the best reliability and sensitivity.694  It would, however, have been 

preferable to independently validate the questionnaires used in this study, both 

because elements were being used in isolation and because new elements were 

being appended with regard to the use of medication; such an undertaking was, 

however, beyond the scope of this project.  

These new elements were developed from those employed in the pilot study; 

however, they were reliant on accurate patient recollection and self-reporting.  

Although this information could have been best obtained prospectively, with 

recall bias being reduced by daily medication and symptom diaries, this would 

have precluded using new patients who would have been unlikely to wait for a 

month to collect these data before starting treatment.

From a practical standpoint, Forms B and C worked well; only one patient failed 

to provide all the information requested. Form D also captured the required 

information although several practitioners entered ‘0’ in answer to the questions 

regarding the number and duration of treatments that were directed toward the 

symptoms of heartburn.  This presumably reflects their opinion that they were not 

specifically treating heartburn at any point but rather restoring normal spinal 

function with whatever health benefits that might ensue; in this instance, it might 

have been more appropriate to request figures that reflected the totality of 
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treatment.  These figures are, in any case, subjective and, again, subject to recall 

bias, albeit reduced by the use of contemporaneous clinical notes.  Future trials 

could avoid this bias by using patients whose primary complaints are germane to 

the research question.

The form that produced the greatest number of errors was form A, unsurprisingly 

perhaps, given that this form was completed by ten times as many interviewees 

as the other forms.  The biggest potential problem identified was the influence of 

false negatives; if boxes were left incorrectly unchecked, they would appear 

blank when the template was placed over them; this, in turn, could lead to 

subjects being incorrectly included in the trial, although there were no instances 

of subjects indicating an absence of symptoms at baseline.  This potential 

problem could be rectified in the future by giving each question a yes or no 

response, so that it would be possible to check omissions. 

There were also real errors made in the opposite direction; retrospective analysis 

of the data revealed that 13 subjects were incorrectly omitted from treatment.  

This inappropriately decreased the treatment group by 8%.

At the time of the pilot study, few questionnaires had been developed for the 

assessment of GORD, dyspepsia or heartburn and endoscopic evaluation of 

changes to the oesophageal lumen was a common outcome measure.695-697  The 

increasing differentiation between ENGORD and ERD detailed previously,  

coupled to an increase in the biopsychosocial patient model with its patient-

centred outcome measures, has led to a proliferation of competing questionnaires 

in the last five years.  Unlike earlier questionnaires, these had been rigorously 

tested and, in many cases, marketed as commercial products with significant 

restriction as to their use.
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Unfortunately, few of these tools were practical for the purposes of this study.  

Many of the questionnaires that were investigated were too generalized, covering 

a comprehensive array of gastrointestinal symptoms, not only for all aspects of 

GORD and dyspepsia but also for IBS – and the psychological sequelae of 

chronic gastrointestinal symptoms.614, 653, 666, 667, 669, 670, 674, 698-705  

These questionnaires were also impractical for the purposes of this study.  Almost 

all had been developed (and validated) for a research rather than a clinical setting 

and were far too lengthy to implement during normal chiropractic practice, many 

having over 50 items.  This would have considerable financial and organizational 

implications for any practitioners using the forms.  The need for forms that are 

capable of being implemented in a clinical setting has been realized, and 

validated short forms of both the Leeds 704 and ReQuest 672 questionnaires, 

designed for patient self-completion, are now available.  The latter, not available 

until after the start of the trial, would be suitable for future, similar, studies.
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8.1.3   Control group

The manner in which the questionnaires were completed is also a potential 

source of systematic bias within the trial.  The control group were all interviewed 

and recruited by telephone, with the information for forms B and C also being 

relayed without any personal contact.  In most cases, the candidate was known to 

or known of by the interviewees from the outset, owing to their previous 

connection to the clinics; by contrast, the chiropractors were unknown to the 

treatment groups at the time of completing form B.  In the case of form C, all of 

the control group filled out the form via telephone interview; by contrast, the 

treatment group either filled out form C when they attended the clinic or by 

telephone interview, depending on whether their scheduled clinical visit 

coincided with the timescale within which the form needed to be completed.

This lack of consistency by which the data were acquired, although unavoidable 

within the methodological constraints of the trial, represents a systematic bias 

between the treatment and control groups.  This bias, however, may be small: 

Brustad, Skeie, Braaten et al.706 found almost no difference in subject response 

between telephone and personal interviews in dietary questionnaires and 

Hawthorne’s 707 investigations also show consistency in subject response 

between different interview methods.  It is though possible that some Hawthorne 

effect would be generated by questionnaires administered by the treating 

physician when compared to those completed in confidence by the patient.

The fact that there was a statistically significant increase in medication use for the 

control subjects suggests the possibility of a nocebo effect, presumably through the 

subjects’ enhanced awareness of the condition.  This could also merely reflect the 

natural history of the condition, which tends to worsen over time.
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It should also be recognized that the trial was inherently controlled in a second 

way.  The chiropractic research base, when referring in general terms to ‘normal’ 

chiropractic treatment or to ‘chiropractic spinal manipulation’ is referring to 

Diversified technique, which is estimated to be used by up to 98% of 

practitioners100, 708, 709; therefore, the Diversified technique cohort can be 

regarded as providing a ‘standard treatment package’ against which other forms 

of chiropractic management can be measured.  If, as in this instance, the standard 

treatment package produces statistically significant improvement and there is a 

further statistically significant improvement when other management protocols 

are compared to the standard treatment package, then this suggests that, if the 

biases discussed can be eliminated, this methodology could have potential benefit 

to the profession.

 

As most chiropractors using other techniques are well-versed in Diversified 

technique to begin with, by randomizing patients to either a Diversified or other 

technique group, it overcomes the problems of having a ‘no treatment’ group.  If 

both groups produce significant improvement, and the difference between the 

two groups is also significant, then it is possible to make inferences about the 

efficacy of the second intervention.
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8.1.4   Treatment groups

This bias does not apply to any comparison between the different treatment 

groups.  These groups may, however, also be subject to a different form a 

systematic bias, that of the influence of secondary techniques.  Along with 

recording their primary technique approach, participating clinicians were also 

asked to list any and all secondary techniques that they used.

Apart from the idiosyncrasies created by the inter-relationships between CMRT 

and SOT, and between CMRT+ and the other technique groups (Appendix I), 

there was marked difference between the plurality of the different primary 

technique approaches: at one end of the spectrum, 6 of 7 SOT patients had 

additional techniques used upon them; at the other, none of the AK chiropractors 

used anything but AK (Table 8.1).

In a perfect research environment, all the practitioners would have been restricted 

to a single intervention; however, this would bear little resemblance to actual 

clinical practice, wherein many chiropractors acquire a portfolio of skills, which 

they meld to form an integrated treatment approach that will then be informed by 

one predominant analytical approach.  Typically, these chiropractors are termed 

mixers; by contrast, others will concentrate on one technique only to the 

exclusion of all others (straights).  

Traditionally, the oldest European College, the Anglo-European College of 

Chiropractic (AECC), based in Bournemouth, taught a range of techniques; 

today, there are three UK Colleges, all teaching only a single technique.  Both the 

AECC and the Welsh Institute of Chiropractic, based at the University of 

Glamorgan, teach Diversified technique only; the McTimoney College of 
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Chiropractic teaches McTimoney techniques only.*  This current practice in 

undergraduate education does not reflect the profile of practising chiropractors 

and many new graduates (who were excluded from the trial on the basis of their 

relative inexperience) undertake postgraduate training courses, including, 

predominantly, SOT, Activator technique and AK.  With time, for some 

chiropractors these techniques often supersede those learnt at undergraduate level 

and become the analysis and treatment method of choice .  Notwithstanding these 

clinical practicalities, the different influence on the primary technique groups by 

the varying uptake of secondary techniques is a potential source of unquantified 

systematic bias.

It is also highly probable that, given the pragmatic nature of the trial, the 

chiropractors within the individual treatment cohorts were not providing identical 

treatment; indeed, given that presenting patients’ primary presenting complaints 

would have covered the full spectrum of musculoskeletal injury, which would 

need to be addressed, it is highly unlikely that treatment was identical.  

Chiropractic training, the minimum standards for which are regulated by the 

GCC710, does, however, emphasize two of the traditional fundamental tenets of 

chiropractic practice: its holistic approach and the importance of the nervous 

system in governing both the musculoskeletal and visceral systems.

As chiropractic is a healthcare profession in its own right, rather than merely a 

therapy or treatment, it would be surprising were its members to fail to take 

account of a patient’s overall areas of function and dysfunction, to link them to 

their presenting complaints (both primary and secondary) by means of a 

diagnosis, and to devise a plan of management to account for them as these 

actions are defined not only by their training but by the Standard of Proficiency 
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of their statutory regulator.711  These regulation also make specific provision for 

professional conduct when participating in clinical trials including that 

chiropractors:

• Adhere strictly to a research protocol, which has been 

approved in accordance with rules made by an appropriate 

ethics committee

• Conduct the research unifluenced by payments or gifts

• Maintain adequate records

• Record results truthfully

 

There is, therefore, a regulatory, as well as an ethical, imperative for participants 

to achieve standards commensurate with returning data of a satisfactory standard; 

as all data were entered by hand by the candidate, each individual form was 

scrutinized and no evidence was found that would suggest that the data were not 

collected in a correct, proper and genuine manner.

It would, however, appear that two of the participants (from the Diversified 

treatment group) may have regarded the treatment of dyspepsia, heartburn and 

reflux as outside their scope of practice, reflected by their declaration that they 

felt ‘zero’ of their treatments were specifically directed at these symptoms; this 

could also simply reflect an holistic approach whereby none of the treatments 

were directed at specific symptoms but all of them intended to improve the 

patient’s neurological and biomechanical function physiological adaptive range.

The study design also recognized and recorded, but could not control for, the use 

of secondary techniques, which may have influenced outcomes; however, the 

study was more concerned by the technique that governed the overall approach to 
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the patient: this would have encompassed and determined the assessment, 

diagnosis, rationale for care, emphasis on regional dysfunction

The influence of  placebo and/or Hawthorne effects cannot also be discounted: by 

dint of filling in a questionnaire on the subject of their symptoms of dyspepsia, 

heartburn and reflux before and after treatment, some patients would able to 

make inferences as to the possibility of coincidental improvement in their 

secondary symptoms with attendant related expectations or to be sufficiently 

pleased with their response to care for their presenting symptoms as to 

exaggerate any other improvement in order to ‘reward‘ their chiropractor with a 

‘good report’.  Although this might be assumed to influence all technique groups 

equally, it would produce a difference between treatment and control groups.  

Elimination of bias by blinding of practitioner and patient is, of course, 

impossible in the chiropractic setting; even single blinding of patients is both 

impractical and, in the clinical setting, unethical.
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Primary 
technique

---------------- --------- Secondary 
Technique

------- ------------- ---------

Diversified CMRT CMRT+ AK Activator SOT

Diversified

CMRT

CMRT+

AK

Activator

SOT

- 0 0 3 10 5

4 - 0 0 0 0*

17 0* - 13 14 0*

0 0 0 - 0 0

0 0 0 0 - 1

5 0 0 0 1 -
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Table 8.1

Table 8.1.  Use of secondary techniques within the different primary 
technique groups.

*These secondary techniques did in fact form part of the algorithm for the primary 
technique, ie those using CMRT would also automatically use SOT; those using CMRT+ 
(augmented CMRT) would automatically use CMRT and SOT.  Diversified, AK and 
activator may also play a part in the algorithm for CMRT+ but not invariably so.



8.2   Interpretation of Results

8.2.1   Patient gender

The findings of significant female prevalence in symptomatic patients (58%) is 

not always reflected in the literature, although reports since the time of the pilot 

study more commonly report this trend. Although Okumura, Tanno and Ohhira712 

and Yang, Lee, Bak et al.713 reported no gender prevalence for functional 

dyspepsia in Japanese and Korean patients respectively, GORD patients in 

Western populations more commonly demonstrate this finding.492, 621, 689, 714-716  

 

Other studies, however, have failed to determine any difference in gender 

prevalence 576, 618, 620, whilst Nocon, Keil and Willich suggest that mild symptoms 

of GORD, though not moderate or severe symptoms, are actually more common 

in German males.717  Bruley des Varranes, Marek, Humeau et al. also found a 

slight but significantly higher prevalence of reflux and heartburn in patients of 

general practitioners, although their findings also suggested much lower general 

prevalence (see 8.2.3).718

The reasons behind female gender prevalence are unclear and have not been 

investigated in detail; however, Ter 621 stated in 2000 that, although sex 

hormones may play a part, more research is needed to confirm this; his opinion 

remains as true today as a decade ago.  
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8.2.2   Patient age

This study found no significance influence of age on prevalence of symptoms, 

although there was a slightly higher incidence in the 66-75 age group and slightly 

lower in the 75+ group.

Few studies have investigated the relationship between age and symptoms of 

heartburn, reflux and dyspepsia and conclusions are inconclusive.  Olafsdottir, 

Gudjonsson, Jonsdottir et al.689 suggest that young patients are more prone to 

functional dyspepsia, whilst Friedenberg, Hanlon, Vanar et al.715 found that being 

aged over 40 years was a risk factor for GORD.  By contrast, Okumura, Tanno 

and Ohhira 712 found that there was a decreased rate in patients over 70, a 

determination consistent with the limited variance demonstrated in this trial.  The 

findings of Bruley des Varranes 718 also had some similarity with this trial, 

symptoms increasing in prevalence up to the sixth decade of life, then decreasing 

although their range was more marked (4%-13%) than in this trial.

Bytzer and Talley’s 2001 review 719 failed to draw any conclusions regarding age 

and prevalence, highlighting the difficulties in diagnostic specificity and 

symptom overlap in epidemiological analysis of age as a risk factor.  Locke 720 

also highlighted the homogeneity of findings in the general population, which 

reflect the population in this trial, as compared to laboratory research groups.

This study further compounded the difficulties in direct comparison as, instead of 

breaking down patients by decade of life, it took mid-decade break points, which 

have not been commonly employed elsewhere.  It would have been more 

accurate to record actual patient age; this would also have then been amenable to 

parametric evaluation.  The reason for the tick box approach taken was the ability 

(ultimately not utilized) for the data to be scanned automatically.

  Chapter 7! ! page 269

PHD Thesis: YOUNG, MF (2010)



8.2.3   Incidence

The prevalence of symptoms of heartburn, reflux or dyspepsia in the trial 

population during the month immediately preceding presentation was 14.4%.  

Although both incidence and prevalence have been widely investigated, direct 

comparisons are hard to make owing to the different diagnostic criteria applied, 

the ethnicity of the population and the timescale over which the data were 

requested; this varied from the one week to lifetime.

In western populations, the incidence of GORD-related symptoms is given as 

between 34% - 45% monthly by many studies 8-10, 12-15, 720; however, several of 

these trials predate the onset of PPI therapy, which lowered symptomatic 

incidence, and those that postdate PPI therapy include those patients taking the 

medication in their calculations, even if those patients had not reported 

symptoms.  Three of the larger studies relied on postal surveys, which elicited 

responses that were less than 60%.  As symptomatic subjects might be expected 

to show a greater interest in the trial and be therefore more likely to participate, 

this effect would tend to inflate the presumed incidence.

The trial whose methodology most closely reflects this study was the large ( n > 

40,000) French, GP administered questionnaire, reported by Bruley des Varranes, 

Marek, Humeau et al.  This had a similar setting and methodology and a similar 

recruitment rate (86%) and demonstrated a prevalence of 10.1%.718

The incidence of functional dyspepsia, a more recent clinical entity, is 

substantially lower.  Olafsdottir, Gudjonsson, Jonsdottir et al.689 reported an 

Icelandic prevalence increasing from 13.9% in 1996 to 16.7% in 2006.  These 

figures are also consistent with those found in this trial.  Notwithstanding, these 
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last two studies, the incidence found in this trial was lower than that determined 

by previous investigations; in fact, this detracted from the power of the study, 

which had been calculated using this higher reported prevalence and, if repeated 

in this study, would have resulted in treatment and control populations of more 

than twice the eventual size.
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8.2.4   Treatment groups

Overall, the treatment groups showed a highly significant improvement when 

compared to the control group for all four variables (p < 0.001). The null 

hypothesis of the primary research question was therefore disproved and 

chiropractic management was found to be effective for symptoms of heartburn, 

reflux or dyspepsia.  This effect was also seen in individual treatment groups, 

with both of the CMRT-based interventions showing a significant and substantial 

improvement for all four questionnaire items (p < 0.001).

Although the remaining techniques also showed improvement, they did not reach 

statistical significance for all variables, as detailed in Table 7.3; however, all the 

groups showed improvement for at least two of the four variables despite the fact 

that three of the groups were very much smaller than a power study had predicted 

would be required in order to demonstrate a statistically significant effect.  The 

size of the three small groups – AK, activator and SOT – may, however, have 

precluded finding any significant differences with the ‘control’ diversified group 

(p > 0.1), other that for medication usage in the SOT group (p = 0.02). 

Of the other primary treatment groups, the CMRT-based interventions were more 

effective than the diversified group for all outcome variables; however, the effect 

was more marked in the CMRT+ group (p < 0.005) than in the CMRT group, 

which failed to reach significance in one category (medication class, p = 0.09) 

and was not as marked for other variables (p < 0.03).

Direct comparison between the two groups based on CMRT showed that the 

CMRT+ was more effective that the CMRT group for all variables but that only 

the reduction in severity reached statistical significance (p < 0.05). The null 
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hypothesis for the tertiary research question was therefore proved: all 

chiropractic interventions for functional dyspepsia are not equally effective.

These results can be explained in terms of the treatment approach: diversified 

technique typically focusses on manipulation the spine alone, whereas CMRT not 

only adjusts the spine, albeit by non-cavitational methods, but claims to stimulate 

the sympathetic nervous system and includes reflexive stretching of the psoas 

muscle. Augmented CMRT in turn adds yet more treatment elements, including 

additional psoas techniques and cranial work designed to modify vagus nerve 

function.

The results strongly suggest that those techniques that involve analysis and 

modification of psoas function have a higher success rate than those that involve 

spinal manipulation alone.  All techniques had in common an absence of any 

adverse incidents. 

A further trial is required to adequately evaluate other treatment groups, 

including technique groups not represented in this trial, and these should involve 

larger groups of chiropractors to reduce any potential skewing of effect by 

individual variation in ability.  Such trials should avoid mixing of techniques, 

which may have confounded the results in this trial to some extent.  
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8.2.5 	
Medication

The information provided by patients on their medication usage proved to be the 

most difficult variables to integrate into the overall results.  This was because of 

the number of permutations it raised and the fact that the change in quantity of 

medication was secondary to the class of medication and, unlike the other 

variables, the class of medication was not, strictly speaking, a progressive scale; 

that is, whilst frequency moved from no symptoms to constant symptoms in 

incremental (though non-linear) steps, class of medication moved from no 

medication to antacids, H2-RAs and, finally PPIs with each step broken down 

into prescribed and OTC usage.

Although this strategy provides some kind of hierarchy, it is neither linear nor 

does it necessarily reflect the dependency of the patient; it does, however, 

together with the amount of medication taken, give some indication of the costs 

of care and enables statistical differentiation between the following permutations:

• Patients whose severity and/or frequency of symptoms decreased 

despite no change in their medication regimen (54 patients, 8 

controls).

• Patients whose severity and/or frequency of symptoms increased 

despite no change in their medication regimen (8, 6).

• Patients whose severity and/or frequency of symptoms and 

medication regimen remained constant (16, 27).
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• Patients whose medication regimen increased along with the 

severity and/or frequency of symptoms (5, 6). 

• Patients who increased their medication regimen in order to keep 

their symptoms constant (1, 4).

• Patients who increased their medication regimen and also improved 

their severity and/or frequency of symptoms (10, 5).

• Patients who were able to decrease their medication regimen at the 

expense of increasing the severity and/or frequency of their 

symptoms (6, 0).

• Patients who were able to reduce their medication regimen without 

any change to the severity and/or frequency of symptoms (2, 0).

• Patients who were able to decrease their reliance on medication and 

still achieve an improvement in the severity and/or frequency of 

their symptoms (61, 1).

Even the complexity of these permutations are further confounded by the seven 

patients and six control subjects who reported an increase in frequency of 

symptoms but a decrease in severity of symptoms or vice versa.  It is, however, 

possible to make generalizations regarding the use of medication and say that 

three-quarters of patients either experienced an improvement in their symptoms 

without increasing their medication or decreased their medication use without 

increased symptom intensity or frequency.  By contrast, two-thirds of control 

subjects showed no improvement in any of the four categories; these differences 

were statistically significant (p < 0.001).
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In a perfectly controlled programme of research, all medication use would 

remain constant throughout the trial or, alternatively, all patients would be 

removed from their medication at an appropriate interval before the onset of the 

trial.  The latter option would, however, require medical supervision as 

chiropractors are specifically prohibited from changing a patient’s prescription 

regimen 679, whilst the former poses both practical and ethical barriers.
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8.2.6   Additional interventions

Chiropractic is a profession rather than a therapy and its UK practitioners now 

undergo a statutory minimum of four years’ full time training to bachelor level.710  

In practice, the majority of chiropractors train full time for five years and do so to 

Masters level.  This training is not dissimilar to mainstream medical training with 

an initial concentration on human sciences subsequently augmented by clinical 

sciences and skills and concluding with an internship.  There is also a formal, 

mandatory programme of vocational study in the first year of clinical practice.

As a part of this course of study, students are taught physiology, nutrition, 

general medicine and differential diagnosis; they are, therefore, well positioned 

to assess and diagnose patients with symptoms of heartburn, reflux or dyspepsia 

and to make appropriate referral for further investigation when required.  They 

are also able to offer nutritional or lifestyle advice although, in this study, such 

advice made no significant difference to patient outcomes. 

The literature with regard to dietary modification is controversial, with 

conflicting findings between small clinical studies and large epidemiological 

surveys; this is discussed in full in Section 4.1.3.  Lifestyle modification does 

seem to offer more benefit, particularly with regard to weight loss and cessation 

of smoking (both of which offer multiple additional short and long term health 

benefits) and to raising the head of the bed (Section 4.3.2); this was not reflected 

in this trial although the precise nature of the lifestyle advice in each instance 

was not elicited.

Some research has indicated that chiropractors are poor at offering counseling to 

patients with regard to giving up smoking, although there is no significant 
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difference between smoking levels in chiropractic and general practitioner patient 

profiles.721, 722  By contrast, over 80% of New York chiropractors offered their 

patients nutritional advice and counseling and this is, perhaps, reflected in the 

fact that chiropractic patients are significantly less obese than patients who seek 

only traditional medical advice.722, 723

No detail was sought from participating chiropractors as to the nature or content 

of, or rationale for, their advice; rather, this investigation was merely included to 

ensure that treatment outcomes were not being confounded by additional, non-

manipulative, elements of treatment.  This appears to be the case, and the lack of 

benefit – indeed, the fact that patients given advice may fare slightly worse – 

might serve to inform further research in this area as well as chiropractic 

undergraduate education and CPD. 

!
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8.2.7   Cost of Care

The reason for assessing the number of sessions of treatment given was to 

determine the approximate costs of chiropractic care.  Although there were 

significant differences between the different technique groups, with the CMRT+ 

group requiring the fewest treatments, the average across all the groups was 3.1 

(± 1.8 SD) over approximately one month.  This does not necessarily imply that, 

if patients were to present with a primary complaint of heartburn, reflux or 

dyspepsia, their symptoms could be alleviated by this number of treatments as it 

may be the case that comorbidities would also need to be addressed from both an 

ethical standpoint and to obtain sufficient overall biomechanical stability for a 

degree of lasting benefit.

There is no official information pertaining to chiropractic professional fees 

within the UK; however, at the time of the trial, the average fee of the 

participating clinics was £32; this represents average treatment costs of £99.20 

per patient.

Comparative pharmacological costs are hard to determine, particularly for OTC 

medication; however, the most recent UK estimate 724 indicated that on-demand 

PPI therapy costs between €123 and €210 pppa (£103 - £175)*.  These figures 

are not substantially different from those reported in Iran 725 for both GORD 

patients ($195 = £131 pppa) and dyspepsia patients ($215 = £144 pppa).  This 

was considerably lower than in the USA, where the most recent figures, from a 

decade previously, show costs of $510 (£343) pppa.726
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These costs are certainly greater than those of immediate chiropractic care as 

determined by this trial; however, the cost-benefit to healthcare providers of this 

alternative approach would need to be more precisely determined with follow-up 

in the medium to long term.
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8.2.8   Endoscopy findings

The results suggest that there may be some difference in effect between patients 

with endoscopically confirmed diagnoses of ENGORD, ERD and hiatus hernia, 

which are increasingly being regarded as different disease entities with different 

management requirements and prognoses, as discussed in Chapter 3.

These differences failed to reach statistical significance; however, this may be a 

result of the small sizes of the groups (n ≤ 15).  The null hypothesis of the 

secondary research question was therefore proved: there is no difference in 

response to treatment between the ENGORD and ERD sub-populations.

Determining the response of different diagnostic subgroups is important as it 

may, potentially, give insight into the mechanism of action by which chiropractic 

is effecting change; it also is important in identifying in advance which patients 

are most likely to respond to chiropractic management.  This would be easy to 

incorporate into a medium sized RCT based in a hospital endoscopy unit.
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8.2.9   Issues of safety

Chiropractic interventions are generally regarded as being relatively safe, with 

adverse reactions normally limited to transient post-manipulative stiffness or 

soreness.727  With pertinence to the procedures in this study, anecdotal evidence 

has associated lumbar manipulation with disc herniation and cauda equina 

syndrome 728; thoracic manipulation with costal fractures in osteopaenic patients 
729; and cervical manipulation with phrenic nerve palsy 730-732 and vertebral artery 

dissection.727, 733  

No identification of or differentiation between chiropractic techniques has been 

made in these reports, which, for the most part, merely document temporal 

coincidence and most sources agree that all these complications are exceedingly 

rare: Gouveia, Castanho and Ferreira, in the most comprehensive review to date, 

estimate the incidence of serious adverse events to be as little as 1.46 per 

10,000,000 manipulations.733  The BISSIMAN study 734 suggested that, with 

regard to post-manipulative cerebrovascular incidents, this represents normal 

background levels and Cassidy, Boyle, Cote at al.735 found no significant 

difference between strokes following visits to physicians and chiropractors.  

By contrast, long term use of PPIs is associated with increased risk of gastric 

polyposis (400% increase in incidence); osteopaenic insufficiency fractures 

(60%); community acquired pneumonia (300%) and a range of a range of 

absorption related deficiencies and biovailability issues280, 736.  Its common long-

term prescription has also not infrequently masked serious gastric pathology such 

as carcinoma737. 
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All of these risks need to be judged against those of non-treatment, primarily that 

of developing Barrett’s oesophagus, which has an incidence of between 1.3%738 

and 3.6%739 and a risk of malignant degeneration of up to 7 per 1000 person-

years.

Although patients were not specifically asked for the information740 and, no 

adverse events were reported by any of the chiropractors involved in this study; 

indeed, no adverse events from treatment were reported to the Chiropractic 

Patient Incident Reporting and Learning System,the pan-professional UK system 

for documenting safety issues, during the whole of period of the trial.  

Of the 155 subjects who received treatment, 27 (17%) worsened over the period 

of the trial in one or more outcome variables; however, 18 of these also 

demonstrated improvement in one more outcome variables, that is their response 

was mixed (eg symptomatic improvement combined with an increase in 

medication use).  The remaining 128 patients improved.

  Chapter 7! ! page 283

PHD Thesis: YOUNG, MF (2010)



8.3   Mechanisms of Action

8.3.1   Neurological

Chiropractic has, since its inception, claimed to modify neurological function as 

a consequence of spinal manipulation and, by so doing, positively affect both 

somatic and visceral function; this latter is generally termed the somatovisceral 

reflex by both chiropractors and osteopaths.38, 594, 741, 742  There are many 

anecdotal reports of symptomatic relief of visceral conditions following 

treatment of a spinal biomechanical problem by some form of manipulative 

technique.  There is, however, little direct, objective evidence to support this; one 

isolated example being the trial showing the possibility that addition of 

manipulative therapy to medication can enhance healing of ulcers.30  The 

majority of chiropractors do, however, believe that spinal manipulative therapy 

can enhance gastrointestinal function 743 and many patients do report a perceived 

improvement in such function following seemingly unrelated spinal care.604

Many obvious examples exist in which input from internal receptors (so-called 

entero- or ‘visceral’ receptors) affect skeletal muscle activity (e.g. coughing in 

response to particulate matter in the airways); there are also examples of 

stimulation of somatic structures affecting gastrointestinal function – a classical 

example of this is paralytic ileus, whereby the smooth muscle of the gut wall is 

paralyzed, often as a consequence of thoracic or lumbar vertebral trauma. 

Although there is no evidence to suggesting a direct involvement of such a reflex 

in the aetiology of GORD, a variety of animals studies have investigated the 

mechanisms by which cutaneous or muscle stimulation affect gastrointestinal 

motility.  Noxious stimulation (pinching of the abdominal skin) has been 
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associated both with increased gastric sympathetic nerve activity and decreased 

gastric motility in rats; however, it had no discernible effect on gastric vagal 

nerve activity.  Transection of the vagi, decerebration and C2 spinal transection 

did not alter the gastric response to stimulation; however, it was abolished by 

transection of the splanchnic nerves or the spinal cord between T5 and T11.744, 745  

Stimulation of abdominal skin, again in rats, using acupuncture needles produced 

virtually identical effects.607

Budgell and Suzuki 746 also showed that noxious chemical stimulation of distal 

thoracic interspinous tissues was accompanied by a pronounced increase in 

gastric sympathetic nerve activity and a subsequent decrease in gastric motility; 

some weaker effects were also noted with similar stimulation of the lower lumbar 

interspinous tissues.  This inhibitory gastric response was again preserved in 

spinalized and vagotomized rats and was abolished in animals in which the 

coeliac ganglion had been destroyed.   The opposite effect,  a viscerosomatic 

gastric reflex, has also been suggested by animal models, which have shown it 

possible to evoke muscular contraction following irritation to the abdominal 

organs.747, 748  Surgically generated reflux in rats has also been shown to enhance 

the excitatory responses of thoracic (T3) spinal neurons in the dorsal horn.749

In vivo confirmation of altered neurological function following spinal 

manipulation is impossible to perform; mechanisms of action therefore remain 

hypothetical, but involve modification of local spinal reflexes by altered 

neurotransmitter balances, central mediation of proprioceptive input and 

redistribution of cerebrospinal fluid.595, 599, 750-752

The areas of the spine that are typically manipulated for neurological effect are 

the atlanto-occipital junction (vagi), C3-5 (phrenic nerve) and T5-11 (coeliac 

plexus).
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8.3.2   Biomechanical

Certain groups of practitioners, whilst supporting the notion of viscerosomatic 

reflexes, suggest that local biomechanical factors also have a part to play.  These 

are again largely hypothetical in nature and revolve around the concept of 

diaphragmatic torsion.  This, it is postulated, can be caused by a number of 

factors including unilateral sacroiliac joint dysfunction, thoracolumbar spinal 

kinesiopathology and asymmetrical psoas major function.  

It is further suggested that the relationship between the psoas muscle and the 

crura of the diaphragm is involved in the opening reflex of the LOS and can be 

the aetiology of dysfunction at this site.600, 601  No mechanism of action is 

suggested by these authors other than reiteration of the traditional chiropractic 

nostrum of removing dysfunction, increasing the physiological adaptive range of 

the body and allowing normal function to return.  

It does however seem probable that there is a neurologically mediated 

communication between the psoas muscle and the diaphragm: both share a 

common, overlapping, insertion into the bodies of the lumbar vertebrae; the 

fascia investing the psoas actually forms the medial lumbocostal arch and it is 

known that, at least on occasions, there is a muscular attachment by the psoas 

muscle to this arch.  Alteration to lumbar spine function – and its chiropractic 

correction – is likely to affect both muscles; alteration to proprioceptive function 

of the psoas muscle might be expected to cause alteration in crural function and, 

with it, the dynamic gliding mechanism of the oesophagus.  This would explain 

the difference in outcomes between those groups routinely treating the psoas 

muscles and those not.
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Whereas this is consistent with the concept of re-establishing the integrity of the 

LOS and improving gastric clearance time, it is also possible that chiropractic 

manipulation is affecting oesophageal spasm (intrinsic or extrinsic), gastric 

secretion or local myenteric reflexes.  One way to confirm this would be for 

manipulation to be performed on patients undergoing manometry so that 

physiological changes in the distal oesophagus and LOS could be assessed in 

vivo. 
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9.1   Conclusions

This prospective, experimental controlled clinical trial into the effects of 

chiropractic management of symptoms of heartburn, reflux or dyspepsia 

demonstrated a marked reduction in the frequency and severity of symptoms in 

patients and in the use of medication (p < 0.001) without reported complications.  

This improvement was statistically significant when compared to a control group 

comprising former chiropractic patients (p < 0.001), suggesting that chiropractic 

is effective in management of these symptoms, although both selection and 

systematic biases were identified that may detract from these results.  The 

average cost of directly related treatment was approximately £100; this compares 

favourably with the annual costs of pharmacological management.

The size of the effect varied between different treatment groups, most markedly 

those based on CMRT proved more effective than ‘standard’ chiropractic 

treatment (diversified technique) (p < 0.05). Other elements of chiropractic 

management including lifestyle and dietary advice did not affect outcomes.

The incidence of symptoms was 14% in the month prior to presentation, which is 

lower than reported in previous trials; a 58% female prevalence was noted. No 

signifiant predominance of age groups was seen.

The mechanisms of action remain hypothetical; however, along with modified 

neurological function following segmental spinal manipulation, common to all 

treatment groups, those techniques that addressed pathomechanics in the psoas 

muscle showed a significantly greater effect than those that did not (p < 0.01)
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9.2   Further Work

Because the symptoms under investigation represent a high level of morbidity 

with long-term treatment requirements, placing a substantial burden on 

healthcare providers, the suggestion that chiropractic management may provide a 

cheap and effective form of management for patients with undiagnosed 

symptoms should be further investigated.

This should next be done in a research, rather than a clinical, environment so that 

the confounding factors identified in this trial can be eliminated.  This includes 

standardization of treatment approach; increasing the size and range of treatment 

interventions; using a validated biopsychosocial questionnaire, such as the 

ReQuest short form questionnaire672, and incorporating a randomized control 

group.

Further work is also needed to explore the hypothetical methods of action for 

chiropractic interventions; these include 24-hour manometry.  Present technology 

precludes direct in vivo investigation of the neurological effects of chiropractic 

manipulation on central and peripheral nervous function.  

Analysis of the co-morbidity between patient’s presenting symptoms and the 

presence of symptoms of dyspepsia, heartburn and reflux needs to be conducted; 

this would be useful to see whether predictive factors exist for either outcomes or 

diagnosis, it could also help suggest the areas most commonly involved in 

associated pathomechanics and, with it, clarify the mechanisms of any effect.
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Finally, this study only investigated patient response in the short to medium term.  

In order to properly assess the clinical benefit and cost-effectiveness of 

chiropractic intervention, long-term follow-up studies are necessary both with 

and without occasional routine ‘maintenance care’, which many chiropractors 

routinely prescribe to patients with chronic symptoms as a form of prophylaxis.
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Appendix I: Chiropractic techniques



AI.1  Diversified technique

Of the many forms of chiropractic manipulative intervention, Diversified 

technique is the most widely used and the most difficult to precisely define. The 

adjustive procedures themselves consist of high velocity, low amplitude, short 

lever thrusts designed to augment normal biomechanical motion by taking a 

synovial joint temporarily beyond its normal passive range of motion.  This is 

usually accompanied by a clicking or cracking sound, termed cavitation, which is 

created by the change in partial pressure of the atmospheric gases dissolved in 

the synovial fluid of the joint as it undergoes a rapid change in volume (Boyle’s 

Law).753

Although it has no official method of pre-adjustive patient evaluation, it has, over 

time, become increasingly associated with joint motion palpation whereby the 

chiropractor digitally evaluates the comparative motion of the joint in all its 

planes of motions to determine the existence of any restriction or abnormality.

The technique, more accurately an eclectic melange of different techniques, 

which have even borrowed from the osteopathic repertoire, obtained its name 

from the diverse sources of derivation; Peterson and Bergman 100 have attributed 

almost a dozen significant historical contributors to the methods of adjustment 

that are almost universally taught in a consistent manner at undergraduate level.
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AI.2   Sacro-occipital technique

Developed by DeJarnette, SOT purports to restore normal function to the central 

and peripheral nervous systems by mechanical modification of the reciprocal 

relationship between the occiput and sacrum, which, it is claimed, affects the 

duromeningeal system and the transverse fascial planes of the body (such as the 

diaphragm, pelvic floor etc).

The sacroiliac joints are treated by the placement of chamfered wedges between 

the pelvis and treatment couch, with modification of function arising from the 

effects of gravity and the patient’s respiratory motion.  Patient assessment 

revolves around categorization of the nature of the sacroiliac joint lesion: 

Category I involves the synovial element of the sacroiliac joint, placing strain 

upon the dura and primary respiratory cycle; Category II involves damage to the 

intraosseous sacroiliac ligament creating a weight-bearing lesion with potential 

compensation through the body; Category III is associated with co-morbid 

damage to the discal structures of the spine.

Advanced elements of SOT include cranial adjustive techniques and CMRT, 

which evolved from the ‘bloodless surgery’ tradition of manual therapy in the 

early 20th Century.  These visceral techniques involve simultaneous stimulation 

of occipital fibre and spinal reflex points (fibre 3 and the left transverse process 

of T5, which is then manipulated, in the case of ‘gastric syndrome’) followed by 

stimulation of the anterior transverse process of C6 (left) and an organ specific 

reflex point (the central sub-xiphoid area in ‘gastric syndrome’).  The abdominal 

raphé is the stimulated together with the left thumb web and the adjustment is 

completed by a ‘hound dog’ reflexive stretch of the left psoas muscle.104
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AI.3   Augmented CMRT

Augmented CMRT was developed by building on the elements of CMRT using 

techniques from other aspects of chiropractic practice.  Thus, all involved areas 

of the spine and cranium are treated as required, using diversified, SOT, AK or 

activator techniques as deemed appropriate for each patient.  Stimulation of the 

reflex points is performed using both digital and myofascial dry needling 

techniques; in addition to the ‘hound dog’ treatment of the psoas, AK techniques 

are also used to balance psoas function bilaterally.

This technique was taught to four other chiropractors one year before the onset of 

the trial in order to ensure proficiency. 
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AI.4   Applied kinesiology

As with SOT, AK is both a method of assessment as well as a treatment 

approach.  It is therefore also similar to SOT in that some chiropractors will 

integrate it into their practice alongside other techniques rather than using AK 

adjusting methods in isolation, although this was not the case in this trial.

The technique was founded and developed by a chiropractor, George Goodheart, 

in the early 1950s (the technique is still sometimes referred to eponymously 

within the chiropractic profession), has at its precept that human disease 

comprises alteration in the function of structural, biochemical or psychological 

elements of the body.  It uses subjective manual muscle testing to diagnose 

specific dysfunction and as an outcome measure; AK adjustments are performed 

with controlled, directional digital pressure on inspiration or expiration as 

determined by analysis.

The technique approach integrates concepts from other techniques and 

disciplines including craniopathy, lymphatic drainage and traditional Chinese 

medicine.  Some AK techniques, most particularly muscle testing for the 

purposes of ‘therapy localization’, are now utilized by other ‘alternative’ 

healthcare professions and there are also unregulated ‘Applied Kinesiologists’; 

however, this does not detract from the delivery of the original treatment 

protocols by qualified chiropractors.
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A1.5   Activator technique

Although this technique has its own method of assessment based on the effect of 

body-wide structural changes on prone leg-length changes, many chiropractors 

incorporate the use of a handheld activator adjusting instrument into their daily 

practice using other means of assessment.

Bergman and Peterson 100 estimate that, worldwide, 50% of chiropractors 

regularly use the method, which involves mechanically delivered short lever, low 

force adjustments.  The device allows the practitioner to alter the force, depth and 

direction of the adjustment, which is usually delivered with the patient in a 

neutral position.

  Appendices! ! page 297

PHD Thesis: YOUNG, MF (2010)



A1.6   Additional interventions

In addition to these techniques, chiropractors are also trained in additional soft 

tissue modalities including massage; trigger point therapy, which many augment 

with postgraduate courses in myofascial dry needling; therapeutic ultrasound and 

interferential; and nutritional, lifestyle and ergonomic advice.

There is no statutory limitation to chiropractic scope of practice 711 and some 

chiropractors undertake further training to increase the scope of their clinical 

competence.
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Hypnotherapy

Regardless of the etiology of GERD,  complementary thera-
pies can produce functional resolution with medication elimi-
nation in some cases and improvement in a vast majority of 
patients. Multimodal therapy is ideal, because each individual 
is unique and may require di!erent modalities to produce a 
positive response. "e intention of my treatment approach is 
to teach the patient how to eliminate stress under any circum-
stances by intervening with automatic negative stress reactions 
that have been pervasive and sustained.

I hypothesize that these stress reactions are a critical compo-
nent in the expression of GERD. To intervene, patients must 
gain new awareness of the automatic patterns that have in-
duced stress internally and exacerbated GERD.

"e primary technique I use is hypnotherapy to bring new 
awareness and change to patients with this chronic, static con-
dition. Under hypnotherapy, patients learn how to create future 
images of wellness to replace their default future images, usu-
ally involving struggle and fear that the condition will persist.

I teach rapid relaxation through proper breathing, new 
awareness of automatic negative stress reactions, and a step-by-
step process that allows patients to eliminate, nearly instantly, 
the stress that they are producing during a stress reaction.

Stress alleviation is critical for reducing or eliminating GERD 
symptoms. Patients listen to hypnotherapy compact discs (CDs) 
in between sessions to reinforce what they have learned in their 
hypnotherapy sessions. I also will apply visceral and organ ma-
nipulation in the abdominal region to resolve any soft tissue and 
organ-related neuromuscular dysfunction contributing to symp-
toms. As part of a holistic approach, a dietary analysis will in-
dicate simple dietary modifications that can alleviate symptoms 
and help patients achieve more balanced lives.

— Robert A. Levine, Ph.D., C.Ht.
Director, Center for Integrative Wellness 

and Integrative Wellness Research
Henry Ford Health System

Henry Ford Medical Center–Southfield
22777 West Eleven Mile Road

Southfield, MI 48033-2152
E-mail: bob@drboblevine.com

Chiropractic
Since its inception, it has been claimed that chiropractic has 

the ability to alleviate visceral symptomatology by manual spi-
nal manipulation1; however, only isolated patient surveys and 
case reports o!er any support for the assertion that treatment 
might have any therapeutic e!ect on functional disorders of 
the upper gastrointestinal (GI) tract.  To determine whether 
there was a basis for these claims, we conducted a prospective 
cohort study with a convenience sample of 83 consecutive pa-
tients (29 males, 54 females; average age 42.3) with symptoms 
of dyspepsia for a minimum of 2 years.6

Patients treated using chiropractic spinal manipula-
tive therapy and adjunctive soft-tissue modalities had re-
ductions in the severity (P ) and frequency of their 
symptoms (P ) without any reported adverse events. 
"irty-seven of 83 patients were able to downgrade their 
medication use P . Interestingly, intervention seemed 
most e!ective in patients with proven endoscopy-negative 
GERD (n = 17; P = 0.0002).

"e suggested mechanisms underlying chiropractic in-
tervention fall into three categories: (1) direct mechanical 
insult; (2) spinally mediated neurologic dysfunction; and 

(3) breakdown in local reflexes. "e first is a simple ques-
tion of trauma causing altered diaphragmatic, and thus 
lower esophageal sphincter (LES), function. An alternative 
mechanism might include the viscerosomatic reflex. Both 
the chiropractic and osteopathic professions have postu-
lated the role of such reflex changes to explain the many 
anecdotal reports of symptomatic relief of visceral condi-
tions following spinal manipulation. Here, treatment was 

supply to LES), and the thoracolumbar junction (diaphrag-
matic insertion).7,8

Certain groups of practitioners suggest that local reflexes also 
have a part to play.9,10 "is is largely hypothetical in nature and 
revolves around the concept of diaphragmatic torsion mediated 
by unilateral sacroiliac joint dysfunction, thoracolumbar spinal 
kinesiopathology, and, in particular, asymmetrical function of the 
psoas major, which is inserted into the crura of the diaphragm, 
and may be involved in the opening reflex of the LES.

An additional, large (n = 500) multicentric trial is due to be 
reported in September 2009.  ■
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Introduction

The symptoms of heartburn and dyspepsia are both
common and widespread, most particularly in Wes-

tern populations,1,2 where 7% of adults are affected
daily and up to 45% monthly.3—7 These figures, how-
ever, may well be an under-representation of the
condition’s prevalence as only 5—17% of sufferers
actually consult their medical practitioner.3,5—7

Despite this, Grainger et al. (1994)5 estimated that
these symptoms account for 4—8% of all general
practice consultations, with gastro-oesophageal

Clinical Chiropractic (2009) 12, 28—34

www.elsevierhealth.com/journals/clch
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Summary

Objective: To investigate the effects of chiropractic management of patients with
symptoms of idiopathic dyspepsia.
Design: Prospective, sequential, longitudinal pilot cohort study using a structured
questionnaire to determine pre- and post-treatment outcomes.
Setting: Private chiropractic clinic in south-west England.
Subjects: Eighty-three consecutive patients presenting to the clinic who confirmed
the presence of pain of digestive origin in the central chest or epigastric area of
greater than 2-years duration.
Intervention: Chiropractic spinal manipulative therapy and adjunctive soft tissue
modalities.
Results: Patients showed an improvement in the severity (P < 0.001) and frequency
of their symptoms (P < 0.001) without any reported adverse events. Thirty-seven of
83 patients were able to downgrade their medication (P < 0.001) suggesting a possible
saving in healthcare costs.
Conclusion: Patients with chronic idiopathic dyspepsia may benefit from conservative
chiropractic management in terms of decreased symptom frequency and severity over
a 3-month period and dependence on palliative pharmacological interventions. The
pilot study offers scope for a larger controlled trial to investigate efficacy.
# 2009 The College of Chiropractors. Published by Elsevier Ltd. All rights reserved.

* Corresponding author. Tel.: +44 01935 423138;
fax: +44 01935 424983.

E-mail address: chiro.clinic1@btconnect.com (M.F. Young).
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adjustment of the mid-cervical spine (C3—5), the
origin of the phrenic nerve; the thoraco-lumbar
spine (T5—L2), representing the origin of the lesser
splanchnic nerve and the levels of diaphragmatic
insertion and sacroiliac joint stabilisation. Soft tis-
sue work concentrated on rectifying psoas muscle
dysfunction.

Data were coded, then stored and analysed using
SPSS 111 for Mac OS X1. As all dependent variables
were nominal, non-parametric tests were used.

Results

Symptom severity

Fifty-nine of the 83 patients reported an improve-
ment in the average severity of their symptoms; 24
remained unchanged and none reported any wor-
sening of symptoms (Table 1). The Wilcoxon signed
ranks test (Z = !6.83) showed this to be significant
at P < 0.001 (Fig. 1).

Symptom frequency

Sixty-nine patients reported reduction in sympto-
matology; 14 were unchanged and none reported
increased symptomatic frequency (Table 2). The

Wilcoxon signed ranks test (Z = !7.35) showed this
to be significant at P < 0.001 (Fig. 2).

Medication usage

Thirty-seven patients were able to downgrade the
class and/or style of drug use whilst one had

30 M.F. Young et al.

Table 1 Classification of symptom severity before and
after treatment.

Symptom
severity

Pre-treatment,
n = 83

Post-treatment,
n = 83

None 0 27
Mild 18 33
Moderate 29 18
Severe 33 5
Disabling 3 0

Figure 1 Symptom severity before and after treatment.

Table 2 Classification of symptom frequency before
and after treatment.

Symptom
frequency

Pre-treatment,
n = 83

Post-treatment,
n = 83

None 0 24
Rare 3 32
Occasional 33 16
Frequent 37 11
Daily 10 0

Figure 2 Symptom frequency before and after treatment.
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upgraded their use and 45 took medication at the
same rate as before (Table 3). The Wilcoxon signed
ranks test (Z = !5.34) showed this to be significant
at P <.001 (Fig. 3).

Of the 37 patients downgrading their drug regi-
men, all but 7 also experienced a decrease in symp-
tom severity (Z = !4.88; P <.001) and all but four a
decrease in symptom frequency (Z = !5.08;
P <.001). The majority of those unchanged in drug
usage still experienced benefit with 35 reporting
decreased frequency (Z = !5.47; P <.001) and 29,
decreased severity (Z = !4.92; P <.001) (Table 3).

Of the 18 patients taking prescribed PPIs, 10 were
able to eliminate their need for prescription PPIs and
1 additional subject reduced their usage. The aver-
age cost of chiropractic care to address the dyspeptic
symptoms was £71 ($105). Eighty-five per cent of the
patients required two treatments; however, no
patient received more than four treatments; the
average treatment requirement was 2.3 treatments.

Discussion

The analysis of the data appear to indicate that
chiropractic management can have a highly signifi-
cant positive impact on dyspeptic symptoms, with

most patients reporting decreased frequency and
severity of symptoms and many being able to reduce
or eliminate medication usage.

The costs of chiropractic care were difficult to
isolate as the patients were not being treated for
dyspepsia alone; although the treatments that spe-
cifically targeted this element cost of £71 ($105) per
patient, it is unlikely that the additional treatment
for co-morbidities did not also have a beneficial
effect on the patient’s physiological adaptive range.
It is therefore probable that treating idiopathic dys-
pepsia as a primary complaint would take more than
the 2.3 treatments per patient averaged in this trial.

The absence of any follow-up beyond the 3-
month period precludes comment on any long-term
benefit or savings. However, during the 3-month
treatment/follow-up period, the reduction in pre-
scription medication usage equated to 58%. Assum-
ing annual pharmacological costs of $1226 (£830)
(those proposed by Myrvold et al., 2001,10 adjusted
for UK retail price index), this represents a saving of
approximately $178 (£121) per patient for the 3
months.

There are, however, methodological issues that
detract from these results. This design does have
natural biases, some of which are in evidence here;
however, themethodology of cohort studies is suited
to and appropriate for this trial, which took place in
a clinical setting using private, fee-paying
patients.33—36 Attendees at a private, chiropractic
clinic may not represent a true cross-section of the
population; such patients will have actively sought
out this particular form of care and thus will have
preconceived beliefs about its effectiveness; albeit
they did not necessarily seek care for the complaint
studied here. However, the cohort demographics do
appear similar to those reported by epidemiological
studies, showing a female preponderance of
approximately 5:3 and increasing frequency with
age,1,27,37 suggesting a representative sample may
have been obtained.

Chiropractic manual intervention 31

Figure 3 Drug usage before and after treatment.

Table 3 Classification of drug usage before and after
treatment.

Group Pre-treatment,
n = 83

Post-treatment,
n = 83

No medication 3 29
Antacids as

needed
43 33

Antacids as
prescribed

7 4

PPIs as needed 12 9
PPIs as

prescribed
18 7

PPI = proton pump inhibitor.
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In addition, because of the ‘hands-on’ approach
of chiropractic, there is often a closer doctor—
patient relationship than with other disciplines
where there is absence of physical contact. Not-
withstanding the Hawthorne and placebo effects,
the lack of a control group also excludes the ability
to differentiate the reported outcomes from any
tendency for self-resolution. However, clinical
experience and the overwhelming opinion in the
literature shows dyspepsia to be a chronic condition
with a low incidence of self-resolution and a natural
history of gradual deterioration.1—7 This, coupled
with the striking and highly significant changes seen
in pre- and post-intervention scores, is suggestive of
a possible therapeutic benefit from the treatment.
Interestingly, no patients reported a worsening of
symptoms during treatment.

Given there is a biomechanical component to this
condition, it might be thought that manual inter-
ventions have been widely explored. However, it is,
in fact, hard to compare the results of this trial with
previous investigations as so few have taken place,
either within the field of chiropractic or manual
medicine as a whole.

Extensive searches within the general medical
literature (MedLine, PubMed, Scirus, Science
Direct) as well as more specialised complimentary
and alternative medicine (CAM) databases (Index to
Chiropractic Literature, OSTMED, AMed, CINAHL,
OVID, MANTIS) revealed paucity of literature cover-
ing manual therapy interventions in cases of dys-
pepsia, or conditions giving rise to dyspeptic
symptoms (1996—2009). This may reflect several
factors: lack of funding for CAM research, lack of
a traditional research ethic within CAM and, within
chiropractic and osteopathy, a concentration in the
last three decades on purely musculoskeletal con-
ditions at the expense of the historical tradition of
‘general’ practice.36,38,39

The only report directly covering dyspepsia is a
single case report by Hein (1999)28 albeit it with a
positive outcome for the patient following a course
spinal manipulation with emphasis on the mid-thor-
acic spine. Bryner and Staeker (1996)27 also touched
on the subject when investigating the prevalence of
indigestion andmid-back pain in patients presenting
to chiropractors. Although a large (n = 1567), multi-
centric, cross-sectional survey, the terms of refer-
ence were vague (patients were asked whether they
had suffered ‘‘indigestion or heartburn’’ in the past
6 months, with no attempt to define either term).
They also failed to investigate the symptomatic sub-
groupings rather that the survey population as a
whole. However, they were able to conclude that
indigestion and mid-back pain demonstrated com-
mon co-morbidity and found that 22% of patients

with ‘‘indigestion’’ reported some relief after chir-
opractic manipulation.

Leboeuf-Yde et al. (1999)40 also found some link
between chiropractic treatment and improved gas-
tro-oesophageal function. Of 1504 self-reported
cases, 118 claimed improvements in their digestive
tract, including better function and decreased pain
and gastritis.

Although chiropractic has claimed efficacy in the
area of gastrointestinal function since its incep-
tion,26 only certain techniques still claim to be
obtain frequent and consistent results41,42: these
claims are currently unsubstantiated. Indeed, many
practitioners do not regard dyspepsia as a part of
their spectrum of practice; recent review articles
reflect this, recommending chiropractors, as pri-
mary healthcare practitioners, to concentrate on
dietary and lifestyle advice to patients rather than
manipulation for such cases.29,43

The suggested mechanisms underlying chiroprac-
tic or manual intervention fall into three categories:
direct mechanical insult, spinally mediated neurolo-
gical dysfunction and a breakdown in local reflexes.
The first is a simple question of trauma, either acute
(e.g. diaphragmatic strain) or chronic (e.g. intra-
muscular fibrotic deposition) or of postural distortion
(e.g. scoliosis) causing altered diaphragmatic (and,
thus, lower oesophageal sphincter (LOS)) function.

Rather than a purely biomechanical or musculo-
skeletal effect, an alternative mechanism might
include the viscerosomatic reflex. Many obvious
examples exist inwhich input from internal receptors
(so called ‘entero-’ or ‘visceral’ receptors) affect
skeletal muscle activity (e.g. coughing in response
to particulate matter in the airways). This process is,
most probably, bi-directional, somatovisceral (e.g.
increased skeletal muscle activity leading to
increased heart rate) and, as with many reflex sys-
tems, can have effects on neuromuscular activity in
adjacent segments. Both the chiropractic and osteo-
pathic professions have postulated the role of such
reflex changes in enabling the detection (using palpa-
tion techniques on spinal muscular tone) and allevia-
tion of organ dysfunction symptomatology. Although
the authors are not suggesting adirect involvementof
such a reflex in the aetiology of dyspepsia, the pos-
sibility exists that such a mechanism might at least
have an indirect effect; i.e. in potentiating or exacer-
bating the symptomatology. There are many anecdo-
tal reportsof symptomatic reliefofvisceralconditions
following treatment of a spinal biomechanical pro-
blem by some form of manipulative technique. How-
ever, there is little direct, objective evidence to
support this; an example being the trial showing
the possibility that addition of manipulative therapy
to medication can enhance healing of ulcers.31

32 M.F. Young et al.
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reflux disease (GORD) being the most common diag-
nosis. Dyspepsia treatments cost US $37.5 million in
the United States of America in 1994; approximately
US $450 per patient per annum (pppa).8 By 1998, this
had risen to US $510 pppa9 and, in Scandinavian
countries, equivalent costs were well over $1000
pppa.10Themost recentfigures suggest thatUSdirect
medical costs for patients with GORD are $2852
(£1932) pppa higher than non-GORD patients.11

These figures, however, reflect only pharmaceu-
tical costs, ignoring the indirect costs of treatment,
decrease in quality of life, economic impact (esti-
mated at $3441 (£2331) pppa) and the increasing
trend for surgical treatments for which the cost-
benefit ratios remain unclear.10,12—14

In addition to the costs of long-term treatment,
conventional care can be complicated by side
effects, rebound and dependency.15—18 There is also
a suggestion that prolonged and profound gastric
hypoacidity and hypergastraemia may predispose to
opportunistic bacterial gut infection and increased
risk of carcinoma.19 Meaningful trials of surgical
interventions are still scarce and long-term out-
comes and costing remain unknown.20 Intra- and
post-operative complications have been reported
with overall mortality rates of 8—20/100,000.21—25

Development of effective non-surgical, non-
pharmaceutical treatment protocols could there-
fore offer significant health benefits to a large
proportion of the population and major savings to
healthcare providers. Since its inception in 1895,
chiropractic has claimed the ability to alleviate
visceral symptomatology by manual spinal manipu-
lation.26 However, such supposition is based largely
on anecdote. Regarding this specific area, the asser-
tion that manual interventions such as chiropractic
might have any therapeutic effect on functional
disorders of the upper gastrointestinal tract is pri-
marily supported by only isolated patient surveys
and case reports.27—30 Additionally, one small ran-
domised controlled pilot study has suggested a ther-
apeutic effect in patients with symptoms of
dyspepsia arising from duodenal ulceration.31

This trial was instigated to investigate whether
these anecdotal reports were reflected in any tangi-
ble benefits to patients attending a chiropractor with
symptoms including those of idiopathic dyspepsia.

Methodology

A prospective cohort study was initiated using a
single practitioner and a convenience sample of
83 consecutive patients (29 males, 54 female; age
range 16—74 years, average age 42.3 years, median
42 years) presenting over a 12-month period with

symptoms of indigestion, reflux, dyspepsia or heart-
burn (defined by pain of digestive origin in the
central chest or epigastric area). Exclusion criteria
included paediatric patients (<16 years of age),
pregnancy and patients with known gastric pathol-
ogy (duodenal ulcer, Barrett’s oesophagus, gastric
carcinoma, etc.). Patients also had to have suffered
from symptoms for a minimum of 2 years. This
criterion was imposed as a partial compensation
for the lack of any formal control group to demon-
strate the presence of chronic, entrenched sympto-
matology, unlikely to undergo spontaneous change
within the timeframe of the trial.

All patients gave informed consent to both treat-
ment and data collection. The patient’s general
practitioner was informed of the patient’s partici-
pation in the trial, unless precluded by the patient’s
own wishes. Ethical approval for the trial obtained
both internally (University of Glamorgan School of
Applied Sciences Ethics Committee) and externally
(East Somerset Primary Health Care Trust Commit-
tee on Medical Research Ethics).

Data on frequency and severity of symptoms and
medication usage were collected at baseline (initial
presentation of symptoms) and at follow-up (3
months later) using a modified version of a widely
used, previously validated questionnaire.32

A five-point Likert scale was used to grade the
severity of the pain as: none, mild, moderate,
severe or disabling. Patients scored their average
severity of pain during an attack at presentation and
follow-up (3 months after treatment). In a similar
fashion, patients graded the frequency of their
symptoms, this time using a six-point scale: never,
rarely (less than once per month), occasionally (1—5
times per month), frequently (2—6 times per week),
daily (but intermittent) or continuously. Medication
usage was classified according to the class of agent
(antacids or proton-pump inhibitors (PPIs)) and style
of patient use (‘‘as needed’’, compared to ‘‘as
prescribed’’). The questionnaire also included a
section on medical history, which determined
whether the patient had undergone investigative
gastroscopy and with what findings.

Patients were managed using a combination of
spinal manipulative techniques, comprising diversi-
fied technique, activator technique and sacro-occi-
pital technique/chiropractic manipulative reflex
therapy, and soft tissue techniques including ischae-
mic pressure and myofascial dry needling of trigger
points and neurolymphatic drainage. Exercise and
other home-based treatment elements were not
included in treatment protocols. Although patients
were also being treated for their co-morbid primary
presenting complaints, the dyspepsia-based treat-
ment centred around analysis and, when indicated,

Chiropractic manual intervention 29
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Studies using animal models have shown it pos-
sible to evoke muscular contraction following
abdominal organ irritation44,45; however, attempts
to directly affect abdominal muscle activity by dis-
tending the bowel have not been successful.46 The
multiple roles of the diaphragm in respiration and
posture control as part of the abdominal wall47

could make it more sensitive to disturbances in
spinal interneuronal activity as might be expected
in visceral disease. Again, however, there is little
objective evidence in support of such a supposition.
Consequently, the role of such a reflex remains
speculative and needs to be further addressed.

Certain groups of practitioners, whilst supporting
the notion of viscerosomatic reflexes, suggest that
local reflexes also have a part to play. These are
again largely hypothetical in nature and revolve
around the concept of diaphragmatic torsion. This,
it is postulated, can be caused a number of factors
including unilateral sacroiliac joint dysfunction,
thoraco-lumbar spinal kinesiopathology and asym-
metrical psoas major function. It is further sug-
gested that the insertion of this muscle into the
crura of the diaphragm is involved in the opening
reflex of the LOS and can be the aetiology of dys-
function at this site.41,42,48

Conclusion

This pilot study demonstrates that patients with
idiopathic dyspepsia might benefit from conserva-
tive chiropractic management in terms of decreased
severity and frequency of symptoms that might also
extend into a reduction in dependence on palliative
pharmacological interventions.

Although the methodology does not allow the
establishment of cause and effect, all patients were
chronic sufferers (>2 years) and so natural history is
unlikely to be solely responsible this response.
Furthermore, although psychological and placebo
factors cannot be eliminated, the treatment had
no adverse effects reported on follow-up. Further
trials, involving multiple practitioners, endoscopi-
cally confirmed diagnoses and a comparative control
group are required to further investigate the rela-
tive effectiveness and cost implications of including
chiropractic protocols in management options for
dyspepsia and/or GORD.
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Your readership may be interested in the results of a pilot
study investigating traditional but unproven chiropractic
intervention in patients presenting with symptoms of
functional dyspepsia, opening the possibility that manual
therapy (MT) may have a role to play in the management
of this condition.

Methods
This prospective cohort study involved a single practi-
tioner and a convenience sample of 83 consecutive
patients (29 males, 54 females; average age 42.3 years)
whose presenting symptoms included pain of digestive
origin in the central chest or epigastric area of more than
2 years duration. Exclusion criteria included paediatric
patients (o16 years of age), pregnancy and patients with
known gastric pathology. All patients gave informed
consent to both treatment and data collection. Ethical
approval for the trial was granted by East Somerset
Primary Health Care Trust Committee on Medical
Research Ethics.

Data on the frequency and severity of symptoms and
medication usage were collected at baseline and at
follow-up (3 months later). A 5-point Likert scale was
used to grade the severity of the pain as none, mild,
moderate, severe or disabling, patients scoring their
average severity of pain during an attack at presentation
and follow-up. Symptomatic frequency was similarly
graded, this time using a 6-point scale: never, rarely
(1oper month), occasionally (1–5/month), frequently
(2–6/week), daily but intermittent or continuously.
Medication usage was classified according to the phar-
macological category and patient use (‘as needed’,
compared with ‘as prescribed’) and access (over the
counter or prescribed). The questionnaire also included a
section on medical history, which determined whether

the patient had undergone investigative gastroscopy, the
findings of which were obtained from medical records.

Patients were managed conservatively using spinal
manipulative therapy and soft tissue techniques. Exercise
and other home-based treatment elements were not
included in treatment protocols. Data were coded, and
analyzed using SPSS 11 Mac OS X, SPSS Inc. Chicago,
USA. As all dependant variables were nominal, nonpara-
metric tests were used.

Results
Fifty-nine of the 83 patients reported an improvement in
the average severity of their symptoms; 24 remained
unchanged and none reported any worsening of symp-
toms. The Wilcoxon-signed rank test (Z"#6.83) showed
this to be significant at a P value of less than 1$ 10#11.

Sixty-nine patients reported reduction in the frequency
of their symptomatology; 14 were unchanged and none
reported increased symptomatic frequency. The Wilcoxon
signed rank test (Z"#7.35) showed this to be significant
at a P value of less than 1$ 10#12.

Thirty-seven patients had downgraded the class and/or
style of drug use, whereas one had upgraded their use
(antacid to proton pump inhibitor) and 45 reported no
change. The Wilcoxon signed rank test (Z"#5.34)
showed this to be significant at a P value of less than
1$ 10#7. Of the 37 patients downgrading their drug
regimen, all but seven also experienced a decrease in
symptom severity (Z"#4.88; Po1$ 10#5) and all but
four patients a decrease in symptom frequency
(Z"#5.08; Po1$ 10#6). The majority of those un-
changed in drug usage still experienced a benefit with 35
reporting decreased frequency (Z"#5.47; Po1$ 10#7)
and 29 patients, decreased severity (Z"#4.92;
Po1$ 10#6).

These data seem to indicate that chiropractic manage-
ment can have a highly significant positive impact on
gastro-oesophageal reflux disorder symptoms, with the
majority of patients reporting decreased frequency and
severity of symptoms and many being able to reduce or
eliminate their requirement for medication. Analysis of
subgroups showed that these findings seem to be
particularly significant for those patients with endosco-
pically confirmed nonerosive gastro-oesophageal reflux
disorder.

ED: Rishika Op: Harsih MEG: LWW_MEG_200774
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Discussion
Methodological issues that may detract somewhat from
these results are present. Although the methodology of
cohort studies is suited to and appropriate for MT trials
occurring in clinical settings [1–4], such trials do have
natural biases, some of which are evidenced herein.
Attendees at a private MT health clinic are unlikely to
represent a true cross-section of the population as a whole
and may have preconceived beliefs about effectiveness.
The ‘hands-on’ nature of treatment, which makes placebo
controls so difficult, often fosters a closer doctor–patient
relationship than with disciplines lacking such physical
contact. Cohort demographics do, however, seem similar
to those reported by epidemiological studies, showing a
female preponderance of approximately 3 : 5 and increas-
ing frequency with age [5–7].

Notwithstanding Hawthorne and placebo effects, the
lack of a control group also excludes the ability to
differentiate the reported outcomes from any tendency
for self-resolution. Both, clinical experience and the
literature, however, suggest that chronic dyspepsia has a
low incidence of self-resolution and a natural history of
deterioration [1–7]. This, coupled with the striking and
highly significant changes seen in preintervention and
postintervention scores, is suggestive of a possible
therapeutic benefit from the treatment. Significantly, in
light of risk–benefit appraisal, no patients reported a
worsening of symptoms during treatment.

It is difficult to compare the results of this trial with
earlier investigations as so few have taken place, within
MT [7–11]. Hypothesized mechanisms underlying chir-
opractic intervention, however, are present, which fall
into three categories: direct mechanical insult (trauma,
scoliosis, etc.), spinally mediated neurological dysfunc-
tion (the viscero-somatic reflex) and a breakdown in local
reflexes (biomechanically induced diaphragmatic torsion
affecting the lower oesophageal sphincter).

This pilot study demonstrates that patients with a
clinical complaint of dyspepsia might benefit from
conservative chiropractic management in terms of both

symptomatic relief and decreased use of palliative
pharmacological interventions.

Although this methodology does not allow the establish-
ment of cause and effect, all patients were chronic
sufferers and so natural history is unlikely to be solely
responsible for the results. Furthermore, on follow-up, the
patient was directly asked to report adverse effects
related to the treatment. Although psychological and
placebo factors cannot be eliminated, no adverse effects
were reported. Funding for a further trial, involving
multiple practitioners, a comparative control group and
gastroscopically confirmed subgroupings has now been
secured and we hope to be able to formally appraise your
readership of the results of this trial at the end of this
year.
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Statistical Notes on the paper ‘Chiropractic manual intervention 
in chronic adult gastro-oesophageal reflux disease (GORD): a 
prospective longitudinal cohort study’ by Martin F. Young

1. Data 
Data on the frequency of symptoms, severity of symptoms and medication usage 
were collected for the 83 patients in the study at the initial presentation of 
symptoms and then at follow up (3 to 6 months later). The severity of symptoms is 
an ordinal variable measured on a 5 point scale. Similarly, the frequency of 
symptoms is an ordinal variable measured on a 6 point scale. Both of these 
variables could also be treated as interval variables. The distributions of these first 
two variables, when treated as interval variables, do not appear to follow any 
standard distribution and so non-parametric statistical tests are appropriate. The 
medication usage is also an ordinal variable on a 5 point scale ranging from 1 ‘No 
medication’ to 5 ‘PPIs as prescribed’ and again a non-parametric test should be 
used.
Note that the variables are not nominal as stated at the end of the Methodology 
section; nominal variables have no ordering and so tests that require ranking could 
not be used.   

2. Tests on Whole Sample 
Wilcoxon’s signed rank test is used when, as is the case here, there are sets of 
scores to compare from the same set of participants. For the three measures the 
tests all show strongly significant differences between the scores at the start and 
end of the period. Note that the effect size is given by 
Z / √(no. observations) = Z/√168 . 
Both the symptom severity and frequency show large effects (above Cohen’s 
benchmark of 0.5) and the medication usage shows a medium to large effect. 
As an alternative, the differences in binomial proportions could be tested. For 
example, for the severity variable one could compare the proportions with severe 
or disabling severity at the beginning and end of the test period. At the start of the 
period 43.4% (36 out of 83) have severe or worse symptoms compared with 6.0% 
(5 out of 83) at the end. The observed difference is 37.4% and the standard error is 
given by 

√((43.4*56.7)/83 + (6.0*94.0)/83) = 6.0%. 

Therefore a 95% confidence interval for the difference is
 (37.4 -1.96*6.0, 37.4 + 1.96*6.0) = (25.6%, 49.2%)
The difference is therefore extremely significant.

However, overall I think that the Wilcoxon signed rank test is a more suitable 
single test.
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3. Endoscopy Subjects
The subdivision of the 35 subjects who had undergone investigative gastroscopy 
into three groups results in extremely small samples particularly for Group B (5 
subjects). The Mann-Whitney U test , which is equivalent to the Wilcoxon rank-
sum test, was used to compare the changes across the different groups. Not 
surprisingly, several tests involving Group B were inconclusive. For such small 
samples, the Kolmogorov-Smirnov Z test tends to have better power and could be 
considered.  
However, the author needs to be aware that only a certain amount of sub-testing is 
sensible given the small sample size as a whole and he needs to be realistic as to 
what he can 'squeeze' out of the data.

4.  Statistical Conclusions 
The tests clearly show that the patients with idiopathic GORD experienced 
decreased severity and frequency of symptoms at the end of the trial period. There 
was also a reduction in dependence on palliative pharmacological interventions. 
However, without a control group it is not possible to conclude that these 
improvements were the direct result of the conservative chiropractic management 
received and there is a real possibility that the results may have been compromised 
by a 'placebo' effect. The author recognises that the methodology does not allow 
the establishment of cause and effect and tempers his conclusions accordingly. 

                                                                                                   Paul Rowson
                                                                                                   Knowledge Based 
Marketing 
                                                                                                   19th Feb 2007
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Figure IV.1.  Pre-treatment questionnaire.

Patient Questionnaire 1 

 

Name: ………………………      

 

Date: …../……/200…. 

 
Please answer the following questions 

about your symptoms by ringing the 

appropriate answer.  

 

1. Have you undergone an endoscopy 

or gastroscopy (a camera tube which 

you swallow in order that a doctor 

may look at your food tube or 

stomach)? 

 

Yes / No         

 

If “No” go to question 3 

 

2. If “Yes”, were you diagnosed with 

any of the following conditions 

(ring more than one answer if 

applicable): 

 

Peptic ulcer / Hiatus Hernia /  
 

Barratt’s Oesophagus / Cancer 

 

If you have been diagnosed with a 

hiatus hernia as a result of a 

gastroscopy please record the size of 

the hernia if you were informed of 

this information:   

 

………cm 

 

3. How long have you experiences 

symptoms of heartburn/dyspepsia/ 

reflux? 

 

Over 10 years / Over 2 years /  
 

Less than 2 years 

 

 

4. How often do you experience 

symptoms of heartburn/dyspepsia/ 

reflux? 
 

a)  Constantly (all the time) 
 

b)  Daily (intermittently, but on 

average at least once a day) 
 

c)  Frequently (2-6 times per 

week) 
 

d)  Occasionally (1-5 times per 

month) 
 

e)  Rarely (less then once per 

month) 

 

5. When you experience symptoms of 

heartburn/ dyspepsia /reflux, on 

average how severe is your pain? 
 

a) Disabling  
 

b) Severe  
 

c) Moderate 
 

d) Mild 
 

 

6. Which statement best describes your 

use of medication for your 

heartburn/dyspepsia/reflux? 
 

a) I take no medication 

b) I take pharmacy antacids (eg 

Rennies) when I need to. 
 

c) I take prescription antacids (eg 

Gavascon) when I need to. 
 

d) I take prescription antacids (eg 

Gavascon) daily as directed by 

my doctor. 
 

e) I take proton pump inhibitors 

(eg Zantac) when I need to. 
 

f) I take proton pump inhibitors 

(eg Zantac) daily as directed by 

my doctor. 

 

The information above is correct 

 

…………..………………… (sign) 

Figure IV.1
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Figure IV.2

Patient Questionnaire 2 

 

Patient Name: ………………………   Date: …../……/200…. 

 
Please answer the following questions about your symptoms in the last month by ringing 

the appropriate answer.  

 

1. How often do you experience symptoms of heartburn/ dyspepsia/ reflux / 

indigestion? 

 

a) Constantly (all the time) 

b) Daily (intermittently, but on average at least once a day) 

c) Frequently (2-6 times per week) 

d) Occasionally (1-5 times per month) 

e) Rarely (less then once per month) 

f) Never 

 

2. When you experience symptoms of heartburn/ dyspepsia / reflux / indigestion, on 

average how severe is your pain? 

 

a) Disabling (I can’t do anything because of the pain) 

b) Severe  

c) Moderate 

d) Mild 

e) None  

 

3. Which statement best describes your use of medication for your heartburn/ 

dyspepsia / reflux / indigestion? 

 

a) I am not taking any medication 

b) I take pharmacy antacids (eg Rennies) when I need to. 

c) I take prescription antacids (eg Gavascon) when I need to. 

d) I take prescription antacids (eg Gavascon) daily as directed by my doctor. 

e) I take proton pump inhibitors (eg Zantac) when I need to. 

f) I take proton pump inhibitors (eg Zantac) daily as directed by my doctor. 

 

 

I confirm the information above is correct 

 

 

 

…………..………………… (sign) 

 

 

 

Figure IV.2.  Post-treatment questionnaire.
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Figure IV.3.  Patient information form.

Figure IV.3

 

Partners: P.A., R.F., M.F. & L.J. Young 

Antoinette Young, DC, FCC, MSc(Paeds). Yeovil Chiropractic Clinic 

Martin Young, BSc(Hons), BSc(Chiro), DC, FCC. 142 Sherborne Road 

Claire Gordon, BSc(Chiro), DC, MCC. Yeovil 

David Palmer, BSc (Hons), MSc (Chiro), DC, MCC. Somerset  BA21 4HQ 

 Tel: (01935) 423138 

 Fax: (01935) 424983  
 Chiropractor@compuserve.com 

 

 Crewkerne Chiropractic Clinic 

 1/1A Victoria Mews 

 Market Square, Crewkerne 

 Somerset  TA18 7LE 

Registered Members of the British Chiropractic Association Tel/Fax: (01460) 78400 

 

 

Patient information form: Prospective Cohort study into chiropractic treatment of GORD. 

 

Dear Patient, 

 

You are being invited to take part in a research study.  Before you decide it is important for you to 

understand why the research is being done and what it will involve.  Please take time to read the 

following information carefully and discuss it with others if you wish.  Ask us if there is anything that is 

not clear or if you would like more information.  Take time to decide whether or not you wish to take 

part. 

 

The research is being conducted by Martin Young as part of a post-graduate qualification through the 

University of Glamorgan.  It is investigating the effects of chiropractic treatment on patients who suffer 

from gastro-oesophageal reflux disorder (symptoms of heartburn, reflux and dyspepsia). The study 

wants to determine whether such treatment can effect improvement in patient’s symptoms and, if so, 

whether it could take the place of long-term drug prescription or surgery in the treatment of these 

symptoms. It will take place over an eighteen-month period, commencing in January 2003. 

 

It is up to you to decide whether or not to take part.  If you do decide to take part you will be given this 

information sheet to keep and be asked to sign a consent form. If you decide to take part you are still 

free to withdraw at any time and without giving a reason.  A decision to withdraw at any time, or a 

decision not to take part, will not affect the standard of care you receive.  The research will not affect the 

programme of care your chiropractors has devised for you, the trial is a cohort study and is merely 

documenting how patients respond to the normal treatment programmes at this clinic. The only action 

you will need to take will be to complete two brief questionnaires, one at the start of treatment and one 

at the end.  This should take nor more than three minutes each.  Your rights as a patient are in no way 

affected. 

 

All information that is collected about you during the course of the research will be kept strictly 

confidential.  Any information about you that leaves the clinic will have your name and address 

removed so that you cannot be recognised from it. Your GP will, however, be informed that you are 

participating in this trial. 

 

The results of this trial will be used to generate an MPhil/PhD thesis and may be published in peer-

reviwed biomedical journals.  Copies of any such articles will be available through the clinic. 
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Figure IV.4.  Patient consent form.

Chiropractors are primary health practitioners and, as such, it is not
necessary to obtain a General Practitioner referral prior to treatment.

However, as a courtesy, it is the practice in this Clinic to supply a report for
inclusion in your central medical records unless you indicate otherwise by
ticking the box below.

Please do not contact my GP

I understand that this is a private Clinic and agree to abide by its rules of
operation and fee structure.  I understand that my notes are confidential but
that information within the notes may be used for research purposes.

I confirm that I give full consent to Chiropractic examination and treatment.

Name...........................................................................
(please print)

Date.............................................................................

Signed..........................................................................

Antoinette Young,  DC, FCC, MSc (Paeds).

Martin Young, BSc (Hons), BSc (Chiro), DC, FCC.

Claire Gordon, BSc (Chiro), DC, MCC.

David Palmer, BSc (Hons), MSc (Chiro), DC, MCC.

Registered Members of the

British Chiropractic Association

Consent for Chiropractic Examination/Treatment
and Release of Medical Records

Yeovil Chiropractic Clinic
142 Sherborne Road, Yeovil
Somerset BA21 4HQ
Tel:(01935) 423138
Fax: (01935) 424983

Crewkerne Chiropractic Clinic
1/1A Victoria Mews, Market Square
Crewkerne, Somerset.  TA18 7LE
Tel/Fax:  01460 78400
Chiropractor@compuserve.com

 

Figure IV.4
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Figure IV.5.  Pro-forma letter to General Practitioner.

 

 

 

This patient has volunteered and given informed consent to participate in a clinically based 

prospective cohort study into gastro-esophageal reflux disorder (GORD) being conducted by the 

University of Glamorgan department of Applied Science.  I attach a patient information sheet 

regarding the trial for your information. 

 

Registered Members of the

British Chiropractic Association

To:

Chiropractor

Presentation: Presentation

Duration:

(current episode)

Duration

Previous Treatment: Previous Treatment

Examination Findings:

R .O.M.

Orthopaedic

Neurological

Other

Examination Findings

X-Ray Report: X ray report

Progress: Progress

Date:

Partners: P.A., R.F., M.F. & L.J. Young

Antoinette Young,  DC, FCC, MSc (Paeds).

Martin Young, BSc (Hons), BSc (Chiro), DC, FCC.

Claire Gordon, BSc (Chiro), DC, MCC.

David Palmer, BSc (Hons), MSc (Chiro), DC, MCC.

Yeovil Chiropractic Clinic
142 Sherborne Road, Yeovil

Somerset BA21 4HQ
Tel:(01935) 423138

Fax: (01935) 424983
Crewkerne Chiropractic Clinic

1/1A Victoria Mews, Market Square
Crewkerne, Somerset.  TA18 7LE

Tel/Fax:  (01460) 78400
Chiropractor@compuserve.com

Figure IV.5
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Appendix V: Main Trial Forms
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Figure V.1

 

 

 

 

1. On average, how often in the last month have you suffered from symptoms of 

heartburn, reflux or dyspepsia? 

 

Circle one: 

    

        Less often       More often 

 

 
 

 

 

 

 

2. On average, when you have experienced symptoms of heartburn, reflux or 

dyspepsia, how severe have they been? 

 

Circle one: 

    

        Less severe       More severe 

 

 
 

 

 

 

 

3. How would you describe your use of medication for your symptoms of 

heartburn, reflux or dyspepsia (tick all that are applicable.)? 

 
I have not taken any medication   I am not certain what medication I am taking   

     
         Prescribed  Purchased  0/month 1-2/month 3-5/month 1-2/week  3-5/week  1/day  2+/day        
 

Antacids  
(eg Rennie, Gavascon)                                                    

 

H2Receptor Agonists  
 (eg Cimedtidine, Ranitidine)                                                 

 

 Proton Pump Inhibitors  
 (eg Lansoprazole, Omeprazole)                                                 

 

 

Other 

Please specify ……………                                                 

 

 

 

Date: …………………… 

AA - 001 

000 

Form B 

   Never        1-2 times      3-5 times      Weekly       3-5 times        Daily    Constantly 

         per month     per month   per week 

   No pain       Mild         Moderate        Mild          Moderate        Severe    Disabling 

         discomfort  discomfort    pain  pain           pain       pain 

n 

 

Figure V.1.  Baseline data collection (Form B).
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Figure V.2

Figure V.2.  Outcome (three-month) data collection (Form C).

 

 

 

 

1. On average, how often in the last month have you suffered from symptoms of 

heartburn, reflux or dyspepsia? 

 

Circle one: 

    

        Less often       More often 

 

 
 

 

 

 

 

2. On average, when you have experienced symptoms of heartburn, reflux or 

dyspepsia, how severe have they been? 

 

Circle one: 

    

        Less severe       More severe 

 

 
 

 

 

 

 

3. How would you describe your use of medication for your symptoms of 

heartburn, reflux or dyspepsia (tick all that are applicable.)? 

 
I have not taken any medication   I am not certain what medication I am taking   

     
         Prescribed  Purchased  0/month 1-2/month 3-5/month 1-2/week  3-5/week  1/day  2+/day        
 

Antacids  
(eg Rennie, Gavascon)                                                    

 

H2Receptor Agonists  
(eg Cimedtidine, Ranitidine)                                                 

 

 Proton Pump Inhibitors  
(eg Lansoprazole, Omeprazole)                                                 

 

 

Other 

Please specify ……………                                                 

 

 

 

AA - 001 

00100100100

1000 

Form C 

   Never        1-2 times      3-5 times      Weekly       3-5 times        Daily    Constantly 

         per month     per month   per week 

   No pain       Mild         Moderate        Mild          Moderate        Severe    Disabling 

         discomfort  discomfort    pain  pain           pain       pain 

 

DATE: 
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Figure V.3.  Practitioner treatment data collection form (Form D).

Figure V.3

 

 

 

 

 
To be completed by the treating chiropractor following the conclusion of treatment 

 

1. Which technique(s) did you use to adjust the patient when addressing the elements you 

considered to be directly contributing to their symptoms of heartburn, dyspepsia or reflux?  

(Tick all that apply) 

 

    Primary technique(s)    Additional technique(s) 

 

Activator        

Applied Kinesiology       

BEST         

Cranio-Sacral Therapy       

Derefield-Thomson       

Diversified        

Gonstead        

McTimoney        

McTimoney-Corley       

SOT without CMRT       

SOT with CMRT        

Other (please specify) 

 

 ……………………      

 

 ……………………      

 

 ……………………      

 

 

2. During how many treatments did you specifically address the elements you considered to be 

directly contributing to their symptoms of heartburn, dyspepsia or reflux? 

 

 

 

 

3. Over what period of time did you specifically address the elements you considered to be 

directly contributing to their symptoms of heartburn, dyspepsia or reflux? 

 

 

 

4. Did you give this patient any dietary advice with specific regard to their symptoms of 

heartburn, dyspepsia or reflux?   

     Yes     No  

 

5. Did you give this patient any lifestyle advice with specific regard to their symptoms of 

heartburn, dyspepsia or reflux? 

 

Yes     No  

 

 

PLEASE CLIP TOGETHER FORM A, FORM B, FORM C AND FORM D FOR THIS 

PATIENT AND PLACE THEM IN ENVELOPE 2. 

AA - 001 Form D 
DATE: 
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Figure V.4

Please mark the appropriate boxes with a cross:   
 

1. Sex: Male     Female  

      

Are you pregnant?  Yes    No  

 

2. Age:    
Under 18    18-25   26-35     36-45     46-55    56-65    66-75    75+  

 

3. Have you suffered from any symptoms of pain from heartburn, dyspepsia or reflux in the last 

month?    

   No   Yes  

 

   When was the first time that you first suffered such symptoms? 

 

     More than 10 years ago    More than 2 years ago      Less than 2 years ago   

 

4. Have you ever under gone a gastroscopy (a camera in a tube sent down your throat)? 

   No   Yes   

 

  Were you diagnosed with:  

 

     Erosions in oesophagus (food tube)?    No   Yes  

 

   Hiatus hernia?  No   Yes  

                            

Do you know the size? 

       Less than 2cm  

       2cm – 5cm  

       Over 5cm  

       Don’t know  

 

 

5. Have you ever been diagnosed with any of the following conditions (tick all that apply): 

 

Barrett’s oesophagus       Duodenal ulcer      Scleroderma          

Coelliac disease             Gastric Ulcer      Stomach cancer          

Crohn’s disease             Laryngeal cancer      Zollinger–Ellison syndrome      

     

6. Have you had treatment from a chiropractor in the last year?     No   Yes   

 

 

 

 

 

 
 

Your Name: ………………………   Date of Birth: …/…/19….   Your GP: ………………………… 

 

Practice Address: ……………………………………………………………………………………… 

 

  ……………………………………………………………………………………… 

 

I consent to the release of the results of all gastroscopic investigations to Yeovil Chiropractic Clinic, 

142 Sherborne Road, Yeovil BA21 4HQ.  This information is being used as part of a doctoral thesis 

through the University of Glamorgan and will not be used for any other purpose. 

 

Signed: …………………………………………..   Date ….../……/20…..   

OFFICE USE: N   

                Y   ⇒  Ref    -     ⇒  Form B   

Form A 

It would be helpful to be able to obtain the 
results of the gastroscopy from your GP.  In 
order to do so, we need your written consent. 
Please complete and sign the form at the 

bottom of the page. 

Figure V.4.  Patient demographic and history collection form (Form A).
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Figure V.5

Figure V.5.  Letter of instruction.

INSTRUCTIONS FOR CHIROPRACTORS & CLINIC STAFF 

 

Gastro-oesophageal reflux trial 

 
Please read ALL of the instructions below so that you fully 

understand the procedures for the trial before commencing. 
 

Check your pack contents.  It should contain the following: 

• 350 x Patient Information (white) and Form A (green) (7 pads in total) 

• One questionnaire pad containing 35 x Form B (blue), C (yellow), D (pink) 

• 2 x A4 reply-paid envelopes (One and Two) 

• 1 x packet of paper-clips 

• 1 x Patient Record Form 

• 1 x stencil 

• 1 x CD ROM containing 

o Press release 

o Duplicate instructions 

o A copy of the Back Chat article for display (optional) 

 

In the event of missing items or requirement for additional stationery, please contact Martin 

Young [chiro.clinic1@btconnect.com/01935 423138] 

 

Before the start of the trial, you may wish to customize and send out the press release 

“Healing Hands to Help Heartburn” to selected local media.  The publicity should help boost 

your number of new patients and increase the proportion of new patients presenting who have 

symptoms of heartburn, reflux or dyspepsia.  

 

The trial will run for 6 months and involve all new patients presenting to you from 1
st
 

September 2008 to 28
th

 February 2009.  You may also include re-presenting patients if they 

have not received treatment in the previous 12 months. The trial does not involve any other 

chiropractors at your clinic unless they have also been selected to take part (if one of 

your patients is seen by a colleague, this does not invalidate the patient’s participation so long 

as you feel your treatment programme has been adhered to).   

 

The basic rationale behind the trial is to screen new/re-presenting patients and collect 

demographic data (those patients not eligible for the trial still provide a valuable insight into 

the prevalence and epidemiology of the condition).  Those patients who are eligible and are 

willing to participate in the trial complete a more detailed questionnaire (Form B), before the 

commencement of their treatment.  One month after you have finished addressing the 

elements of the problem that you consider relate to their symptoms of heartburn, reflux or 

dyspepsia, the patient fills in a second form (Form C) enabling outcomes to be assessed.  You 

will then also complete a brief questionnaire relating to your treatment of the patient (Form 

D).  All four forms should then be put in the relevant envelope for return at the end of the trial 

on April 15
th

 2009 (this allows time to complete the treatment and follow-up). 

 

Overleaf is a detailed breakdown of what you should do at each stage of the trial.  Please 

make sure that ALL your clinic reception staff are also familiar with the parts of the trial that 

they will be administering. 

 

P T O  



  Appendices! ! page 332

PHD Thesis: YOUNG, MF (2010)

Figure V.6.  Letter of invitation sent by the College of Chiropractors.

Figure V.6

 
 

Dear Colleague, 

 

As you may have seen in a recent issue of Back Chat, I am in the process of 

completing a PhD through the University of Glamorgan under the supervision of Pete 

McCarthy.  The title of the project is “The Effectiveness of Chiropractic Treatment in 

the Management of Functional Dyspepsia” and is investigating the response of 

symptoms of heartburn to different types of chiropractic care.  The results of a pilot 

study have been very encouraging and have been accepted for publication in the 

European Journal of Gastroenterology and Hepatology.  

 

As an expansion of this study, we are carrying out a much larger, national trial 

involving thirty-five chiropractors treating patients over a six-month period.  We very 

much need volunteers from any and all technique backgrounds; the only criteria for 

participation in the study is to have graduated in 2003 or earlier and to be seeing, on 

average, more than 40 patients per week. 

 

The work is not onerous; it involves you, or your receptionist, asking all new patients 

to fill out a form.  Screening the form takes less than five seconds and for eligible 

patients (the literature and pilot study both suggest 10% of patients will be suitable for 

inclusion), two more forms need to be completed by the patient, one immediately and 

another later on into treatment; this should take not more the two minutes.  You will 

also have a form to complete; this takes between two and three minutes.  We have run 

the programme within our own clinic and it was not in the least disruptive. 

 

If you are interested in participating, please will you enter the information overleaf 

and either e-mail this document back to me at myoung@yeovilchiropractic.co.uk or 

fax it 01935 424983. 

 

With best regards 

 
Martin Young 
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Figure V.7.   Recruitment assessment form to determine volunteers’ 
eligibility for participation in the trial.

 

YES, I WOULD LIKE TO PARTICIPATE IN THIS RESEARCH PROJECT 

 

 

Name: 

 

 

Clinic Address: 

 

 

 

Phone:     e-mail: 

 

 

Years in practice: 

 

 

Main techniques used: 

 

 

 

 

Average no of patient per week: 

 

 

Average no of new patients per week: 

 

 

 

 

 

 

 

 

 

Figure V.7
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Figure V.8.  Patient information and consent form.

Figure V.8

Information form: Prospective cohort study into chiropractic treatment 
of heartburn and dyspepsia. 
 
You are being invited to take part in a research study. Please take time to 
read the following information.  If there is anything that is unclear, or if you 
would like more information, please ask.  
 
The University of Glamorgan is conducting the research over a six-month 
period in 2008/9 to investigate the effects of chiropractic treatment on 
symptoms of heartburn, reflux or dyspepsia. You can still take part in the 
trial even if you do not suffer from any of these symptoms.  
 
The study aims to determine what proportion of chiropractic patients suffer 
from symptoms of heartburn or dyspepsia; whether treatment for your 
presenting complaint could also affect this condition and, if so, whether it has 
affected your personal use of medications for these symptoms.  
 
The research will not affect the programme of care your chiropractor 
has devised for you. The trial is merely documenting how patients respond 
to the normal treatment programmes at this clinic. The only action you will 
need to take will be to complete the form overleaf. If your chiropractor decides 
you are eligible for the trial and you have indicated your willingness to 
participate, you will also be asked to complete two brief questionnaires, one at 
the start of treatment and one towards the end.  This should take no more 
than two minutes each. 
 
It is up to you to decide whether or not to take part; however, the research will 
not affect the treatment for your presenting complaint or your programme of 
care.  Furthermore, your rights as a patient will in no way be affected.   
 
To take part, you need to enter the brief details asked for overleaf.  Your 
chiropractor will then decide whether you need to complete any additional 
questionnaires. You are still free to withdraw from the trial at any time and 
without giving a reason.  A decision to withdraw at any time, or a decision not 
to take part, will not affect the standard of care you receive.  All information 
that is collected about you during the course of the research will be kept 
strictly confidential.  All data will be made anonymous prior to computer 
analysis.  
 
The results of this trial will be used to generate a doctoral thesis and may be 
published in peer-reviewed biomedical journals.  Copies of any such articles 
will be available through the clinic. 
 
I have read the information above and consent to inclusion in the trial.   
 

Name (Print): Signed: Date: 
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