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1.  ABBREVIATIONS

AP        = Angina pectoris

CAG       = Coronary angiography

CCS       = Canadian Cardiovascular Society

CTA       = Cervico-thoracic angina

HVLA   = High velocity low amplitude

MILES  = Myocardial Ischemic Logistics Evaluation Study

MPI        = Myocardial perfusion imaging

MP        = Motion palpation

NCA       = Normal coronary anatomy

ROM       = Range of motion
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2.  DEFINITIONS

Angina pectoris
Eugene Braunwald: clinical syndrome characterized by discomfort in the chest, jaw, shoulder, back
or arm. It is typically aggravated by exertion or emotional stress and relieved by rest or
nitroglycerin.(1)

Danish Society of Cardiology and Danish Society of Thoracic Surgery:(2)

a) Pain/discomfort in the chest wall, eventually radiating to the neck, jaw, upper extremity or the
    back, lasting a few minutes up to 10-15 minutes.
b) The pain/discomfort is provoked by cold, physical or psychological stress.
c) The pain/discomfort is normally relieved by rest or nitroglycerin.

Typical angina pectoris: a+b+c.
Atypical angina pectoris: a+b or b+c or a+c.
Noncardiac chest pain: a or b or c.

Joint range of motion

             

Figure 1. This diagram represents joint motion in one plane starting from neutral position. Joint- play occurs
in the neutral position, followed by active and passive ranges of motion (ROM). The passive ROM goes
beyond the active ROM entering the joint´s elastic barrier. End-play is evaluated at the end of passive ROM.
Beyond the anatomical limit, trauma results.

Palpation
Motion palpation:       Variable manual pressure performed during active or passive joint

movements and additionally involves evaluation of accessory joint
movements.(3)

Prone motion palpation:     Manual pressure and joint evaluation performed in the neutral joint
position to evaluate joint play.(3)

Sitting motion palpation:     Manual pressure and joint evaluation performed at the end of passive
range of motion of the joint to evaluated end play.(3)

Tenderness evaluation:        A flat digital index contact with a standardized pressure used for
manualpalpation. Patient should indicate the presence of tenderness
verbally.
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Manual therapy
Manual procedures in which the hands of the treating person are used with the purpose of
influencing the soft tissue directly or the tissues around a joint. They aim at restoring pain-free joint
movement.

High velocity low amplitude spinal manipulation: Manual procedure using a short lever with a
manual thrust of low amplitude and high velocity, directed toward a specific vertebral segment.
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3.  INTRODUCTION

The musculoskeletal system is recognized as a possible source of pain in patients with chest
discomfort.(1;4-7) However, a confident diagnosis of musculoskeletal chest pain can be difficult to
establish since no gold standard exists to verify this diagnosis. Normally, patients suspected of
having angina pectoris (AP) are admitted to a cardiology ward because the heart, i.e., myocardial
ischemia, is under suspicion as the pain source, but the aetiology of pain may be non-cardiac in up
to 50 % of cases.(8) The differential diagnoses are of primarily pulmonary, gastrointestinal,
psychosocial, or musculoskeletal origin.(1;7;9-15)  Furthermore, up to 30% of all patients catheterized
for the investigation of chest pain have normal coronary anatomy (NCA).(7) These patients have a
excellent prognosis for survival and a future risk of cardiac morbidity similar to that reported in the
background population.(16;17) As a consequence, it may sometimes seem expedient to reassure and
then discharge these patients.(7) However, about three quarters of the patients continue to suffer
from residual chest pain with large socio-economic consequences.(7;18-21) Therefore, a search should
be made for an alternative cause with related possibilities of treatment.

Given these perspectives the general objective of the present work was to study the diagnosis
and treatment of chest pain originating from the musculoskeletal system of the spine and thorax in
patients with chest pain due to known or suspected AP. The project comprised of four part projects:
two methodological (I and II) and two clinical ones (III and IV).

3.1  Objectives

The specific aims were:
1) To assess the interobserver reliability and the intraobserver reliability with three palpation

procedures for the detection of spinal biomechanical dysfunction and paraspinal tenderness
in the upper eight segments of the thoracic spine (part project I).

2) To assess the interobserver reliability and the intraobserver reliability of palpation for
muscular tenderness in the anterior chest wall (part project II).

3) To use preferred palpation procedures to obtain a diagnostic tool for early identification of
cervico-thoracic angina (CTA) in the clinical setting (part project III).

4) To investigate and describe the decision making process of an experienced chiropractor in
diagnosing non-cardiac musculoskeletal chest pain in the shape CTA, based on patient
history and clinical examination (part project III).

5) To validate the CTA diagnosis (part project III).
6) To elucidate in an open clinical trial if patients with a diagnosis of CTA would benefit from

manual therapy as compared to CTA negative patients (part project IV).

It was not the purpose to describe the mechanism of chest pain and AP in detail, as it was not the
objective to describe in particular the theoretical and biomechanical rationale for the manual
therapy applied. Nor was it an aim to describe the diagnosis and treatment of other non-cardiac
chest pain aetiologies (e.g., the gastrointestinal system or psychosocial). This study was pragmatic
in its clinical approach to the diagnosis and treatment of chest pain from the musculoskeletal system
in terms of biomechanical dysfunction of the spine and/or muscular tenderness in muscles of the
thorax.

3.2  Background

3.2.1 Angina pectoris
From the historical review by P. Procacci on cardiac pain(22) the first term that was found for cardiac
pain was passio cardiaca propria used by Caelius Aurelianus, a fifth-century Roman Physician.
During the Middle Ages several scientists mentioned pain in the chest referred to the heart.
Heberden introduced the term AP in 1768 in a lecture to the Royal College of Physicians of London
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to designate a very distinctive “disorder of the breast” with “a sense of strangling and anxiety”. The
word has probably been adopted from the similarity of the symptoms to those of the inflammatory
diseases of the throat, accompanied by a feeling of choking and strangling, for which ancient Greek
and Latin writers used the term angina. Heberden differentiated between AP and other forms of
chest pain, which were assembled under the heading of “dolor pectoris”. (22)

Today, AP is defined as “a clinical syndrome characterized by discomfort in the chest, jaw,
shoulder, back, or arm. It is typically aggravated by exertion or emotional stress and relieved by
nitroglycerin”.(23) In the present thesis, the word typical AP is reserved for chest pain presumably
caused by myocardial ischemia.

3.2.2 Aetiology of chest pain
Elucidation of the cause of chest pain is a challenge to a variety of clinicians. Although chest pain is
one of the cardinal manifestations of heart disease end especially ischemic disease, it is important to
recognize that such pain may originate not only from the heart, but also in:

a) a variety of intrathoracic structures, such as the aorta, pleura, oesophagus, and diaphragm,
b) tissues of the neck or thoracic wall, including the skin, thoracic muscles, cervicothoracic

spine, costochondral junctions, breasts, sensory nerves,
c) subdiaphragmatic organs such as stomach, duodenum and gallbladder.(1)

Pain of psychosocial origin may also exist.(9)

Because of this variety of areas of reference, different kinds of pain may exist in the same
area. Pain from the heart, oesophagus, stomach, etc. is visceral in type, whereas somatic pain refers
to pain from the musculoskeletal structures, dermal tissues, and the coverings of major organs. The
depth of the tissue in somatic pain tends to determine if it is superficial somatic (skin, tendon
sheaths, periosteum, superficial fasciae) or deep somatic (muscle, fasciae, tendons, joint capsules,
ligaments, periosteum).(24)

Mechanism of cardiac chest pain
Cardiac pain is transmitted by afferent sympathetic nerve fibers and vagal nerve fibers.(24) This
visceral type of pain is mediated by free nerve endings that have receptors located in the mucosa,
muscle, and serosa of the heart and can be stimulated chemically or mechanically.(32-34) The
sympathetic nerves have cell bodies in the dorsal root ganglia and synapse on the interneurons in
the dorsal horn of the spinal cord. Interneurons that receive visceral pain are called viscerosomatic
neurons. They also receive somatic afferent input from skin, tendons, and muscles. The visceral
pain from the heart is transmitted via the 4-5 upper thoracic spinal segments as well as some
cervical segments. The sensory impulses from the viscera of the thorax and from the body wall
(muscles, skin, joints), however, share the same spinal segments, making the differentiation of
causes and diagnosis of chest pain difficult in many cases.(35;36) The convergence of visceral and
somatic pain fibers on the same interneurons in the spinal cord might explain why visceral pain is
often referred, i.e., why it is often perceived in somatic areas remote from the involved organ.

Therefore, pain arising from different organs, such as the chest wall, esophagus, or the heart
may be indistinguishable as may pain arising from the spine.(36) The ascending pathways to the
brain project through the anterolateral system of the spinal cord to the medulla, midbrain, and
thalamus. In the medulla, visceral pain pathways interact with the reticular formation, mediating
arousal and autonomic responses to pain. In the midbrain, projections to the periaqueductal gray
matter are important for descending modulation. From the thalamus, visceral pain input is relayed to
areas of the cortex, as demonstrated in man using positron emission tomography, where it is
decoded as a painful sensation.(37)

Mechanism of chest pain from the musculoskeletal system
Sensory receptors in musculoskeletal structures are characterized by an ability to respond to a
particular stimulus with a relative insensitivity to certain other stimuli. Nociceptors are sensitive to
stimuli that are potential noxious. Mechanical, chemical and thermal stimuli may cause nociception.
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The nociceptors can be sensitized by a wide variety of mechanisms, which can lower the threshold
from nociceptive stimuli and make it possible for non-nociceptive stimuli to be registered as pain
producing stimuli. The pain impulses are mediated by afferent nerve fibers linking the peripheral
nociceptor with the spinal cord. The primary afferent enters the dorsal horn of the spinal cord and
synapses with second order neurons.(38) The ascending ways have been described previously.

Different musculoskeletal structures of the spinal region are recognized as pain producing in
humans. Kellgren outlined the distribution of pain from ligaments, which was different from the
well-known dermatomes. He found that fascia, periosteum and tendons give rise to pain of
segmental distribution.(39) Inman and Saunders introduced the concept of “sclerotomes” for this type
of pain distribution.(40) Feinstein outlined the distribution for pain and tenderness when the
interspinous ligament is irritated. Several spinal segments referred pain to the anterior chest wall.(41)

Further, the thoracic zygapophyseal joints at segments T3-T9 can cause intense areas of provoked
pain one segment inferiorly and slightly lateral to the joint injected and similar pain referred toward
the anterior chest wall.(42) Large and more recent studies of the mechanisms do not exist.

Chest pain and normal angiography
Coronary angiography (CAG) is used to evaluate patients with chest pain suspected of having AP,
because the heart, i.e., arteriosclerotic lesions in the epicardial arteries, is under suspicion as the
reason for their chest pain. A large proportion of these patients receiving CAG are shown to have
normal anatomy. These negative clinical investigations and authoritative reassurance by a
cardiologist is not always effective for these patients. Those patients who continue to experience
symptoms want an explanation which can assure them that they do not have a serious medical
problem, and a piece of useful advice about how to return to a full life.(25) This could probably be
provided by addressing patients’ fear of being heart diseased and more reassuring about the heart
despite negative CAG,(26;27) and, finally, more consideration of the non-cardiac disorders and the
possible treatment regimes of the persistent pain.(5;6;26;28;29) Further, among patients with angina and
NCA other specific heart diseases may exist, e.g., spasm of the epicardial vessels, valvular diseases,
pericardial diseases or cardiomyopathy. Still others are believed to have compromised
microcirculation in the cardiac muscle in the form of microvascular disease (angina) or Syndrome
X. This term is reserved for a group of patients who have NCA and, exercise-induced
electrocardiographic changes indicative of cardiac ischemia.(30;31)

Cervical angina
Cervical angina, mimicking chest pain of cardiac ischemia, has been described by different authors
in the past 70 years(43-48) as being caused by various skeletal conditions, e.g., cervical discopathy
and thoracic outlet syndrome (pain thought to be caused by compression of nerves and vessels to
the upper extremity). Cervical angina has lately been defined as chest pain that resembles true
cardiac angina but originates from cervical discopathy with nerve root compression.(49) The
pathogenesis of cervical angina can be explained by the fact that cervical neural roots from C4 to
C8 contribute to the sensory and motor innervations of the anterior chest wall.(50)

Other non-cardiac chest pain conditions
Gastro-oesophageal reflux disease, oesophageal motility disorders, and oesophageal spasm have all
been coupled with chest pain as differential diagnoses.(1;51) Despite a high incidence of
osesophageal abnormalities in patients with chest pain and NCA, a causative link is only found in a
small proportion.(52-54)

Some investigators have reported that patients with chest pain and NCA score higher on
psychological measures such as neuroticism and anxiety, than do patients with chest pain and
ischemic heart disease.(55) Others have been unable to find such differences,(56) although abnormal
cardiac perception in patients with NCA(57) and differences between patients with NCA and
ischemic heart disease in sensitivity to experimental pain stimuli have been reported.(57;58) A more
recent study found higher scores on various psychosocial measures in both chest pain groups and
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that they were related to their pain, rather than being the cause of pain, and did not support a
psychogenic explanation for chest pain in the presence of NCA.(59) The results of the mentioned
studies are inconsistent.

3.2.3 The musculoskeletal system – palpation and manual therapy
Motion palpation of human joints is recognized as an essential skill by manual medicine disciplines
and is used extensively by chiropractors,(3) physical therapists,(60) osteopaths,(61) and some medical
doctors(62) in clinical practice to diagnose mechanical dysfunctions suitable for spinal manipulation.

However, in a recent study it has been shown that motion palpation in terms of end-play
assessment does not in and of itself contribute to relief of neck pain and neck stiffness after spinal
manipulation in neck pain patients.(63) Uptil now, palpation research has focused on the assessment
of the reliability of different palpation procedures. Five systematic reviews have been published and
are consistent in their conclusions regarding agreement on the detection of segmental motion
restriction in the spine. Poor interexaminer reliability for motion palpation was found throughout
the spine (κ<0.2), whereas intraexaminer reliability appeared to be moderate (κ: 0.4-0.6).(64-67) 68)

Only two studies on the thoracic spine has been identified. The validity of motion palpation has
been examined indirectly by the use of mechanical models: Moderate sensitivity was demonstrated
(0.48-0.54) for identifying segmental motion restriction(69) and further that therapists can grade
spinal stiffness to identify spinal endplay restriction in clinical practice.(70) Additionally, there is
indirect evidence of motion palpation validity from a study which showed that examiners can
distinguish endplay improvement following manipulation(71) and another study in which
zygapophysial joint injections were used to verify the identification of segmental spinal dysfunction
in the neck.(72)

Manual therapy as a treatment option for mechanical pain conditions of low back and neck
pain conditions is well recognized within different manual medicine disciplines.(3;60-62) The
evidence of the effectiveness of spinal manipulation for neck pain has been suggested in three
systematic reviews.(73-75) A recent meta-analysis of 26 randomized clinical trials evaluating spinal
manipulation for acute and chronic back pain concluded also that manual therapy was effective.(76)

The evidence for the effectiveness of spinal manipulation for thoracic spine pain is, however,
limited. In a small controlled clinical trial on the use of spinal manipulation for the treatment of
thoracic spinal pain, to subjects without chest pain there was significant reduction in pain on a
numerical pain rating scale, but no reduction on a disability index.(77) No previous study has
evaluated the effect of manual therapy in patients with chest pain of musculoskeletal origin.
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4.  MATERIALS AND METHODS

4.1 Study population

I and II
In total, 107 subjects were scheduled to take part in the study. Of these, 51 were patients referred
consecutively to the Department of Cardiology because of known or suspected stable AP. The
remaining 56 were control subjects recruited from the Department of Nuclear Medicine and
fulfilling the following criteria: a history without heart disease, a normal resting electrocardiogram,
and no chest pain.

III and IV
This study was conducted as a substudy of the Myocardial Ischemic Logistic Evaluation Study
(MILES), (8) the objective of which was to compare the results of MPI and CAG in a prospective
series of patients referred from General Practitioners or local hospitals to Odense University
Hospital for CAG because of known or suspected stable AP. A total of 516 out of 972 consecutive
patients were included in the MILES study. Of the 516 patients, 275 were included in the present.
The rest, 241 fulfilling ≥1 of a series of predefined exclusion criteria, were not included (Table 1).
The local ethic committee approved the study. Informed consent was obtained from all persons
participating.

 Table 1. Exclusion criteria in the study and their frequencies in 241 patients. Note that some patients
 fulfilled several criteria.

No. of pts.

Lack of compliance (withdrawal prior to program) 89

No written consent 49

Previous surgery to the thorax 32

No selfreported chest pain, neck pain or thoracic spinal pain 26

Inflammatory joint disease 18

Malignant disease 18

Apoplexia 14

Others 13

4.2 Pain assessment

Within the field of cardiology is has been common to classify the type of chest pain into three
categories in line with Danish guidelines(2) adopted from Diamond(78): typical angina, atypical
angina, or non-cardiac chest pain, and the severity into four classes given by the Canadian
Cardiovascular Society (CCS, grade 1-4).(79) However, there has been no tradition for recording of
the patient´s subjective feeling of pain intensity by the use of uni-dimensional scales (verbal rating
scales, numerical rating scale, visual analogue scale or 11-point box scale).(80)

No single method can objectively record the pain intensity the individual experiences,
nevertheless, in an attempt to systematically register the intensity of chest pain we choose to use a
box scale.

This 11- point box scale has been used extensively, among others for measurement of back
pain(81) and neck pain.(82) The intensity of pain was graded from 0 to 10, indicating minimal and
maximal intensity, respectively. We used this approach to grade the patient´s chest pain “now” (i.e.,
on the day of examination), together with the following types of pain experienced during the last
fortnight: maximal and average chest pain, average thoracic spine pain, average cervical spine pain,
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and average shoulder arm pain. All pain measures were repeated at 4 week follow-up. Pain was
treated as a binary variable (pain=0 and pain>0) and ordered (pain intensity).

4.3 Quality of life questionnaire

Patients assessed their quality of life using the SF-36 health survey(83) at baseline and at 4 weeks.
The SF-36 comprises 36 items that can be combined into the following eight multi-item summary
scores: physical functioning (ten items), vitality (four items), bodily pain (two items), mental health
(five items), social functioning (two items), role limitation due to physical health (four items) and
due to emotional problems (three items) and general health perceptions (five items), plus one item
assessing a change in health over the past year. Each summary score is obtained by simple un-
weighted summation of item scores and is then scaled from 0 to 100, with 0 and 100 indicating
“worst” and “best” possible health, respectively. Higher scores indicated better perceived health.
The SF-36 has been recommended and used for AP patients(84-87) and been validated in a Danish
setting(88) and will have the same interpretation across countries.(89)

4.4 Clinical examination

The same examiner, who used standardized questions on prefabricated sheets, interviewed patients
throughout the study. This was done to ensure consistency and exactly the same amount of
information about all patients. There were questions on factors and events related to ischemic heart
disease. The chest pain was described, with regard to duration, location, and provoking and
relieving factors. Specific questions were asked about symptomatology of the lungs and
gastrointestinal system, the past medical history and consumption of medicine. All questions had to
be answered by ‘yes’ or ‘no’ or via predefined categories. Patients were classified according to type
of angina and CCS. Next, patients had their height and weight measured, blood pressure and pulse
recorded, heart and lung stethoscophy performed, abdominal palpation and auscultation, neck
auscultation, clinical signs of left ventricular failure were noted. Neurological examination of upper
and lower extremities in terms of reflexes, sensibility to touch and vibration, muscle strength as
well as orthopaedic examination of the neck and shoulder joints was performed to rule out nerve
root compression syndromes.

Finally, a standardized manual examination of the neck and thoracic spine and chest wall was
carried out. See I, II and III for details. This examination program together with the detailed case
history was applied by the experienced chiropractor to the population of AP patients to make a
diagnose of CTA.

Four types of palpation was carried out:

1. Sitting manual palpation for muscular tenderness on 14 points of the anterior chest wall
            (figure 2) (study II – IV).

2. Prone manual palpation for paraspinal muscular tenderness segmentally (Th1-8) (figure 3)
      (study I, III and IV).
3. Prone motion palpation (MP) for joint-play restriction segmentally (Th1-8) (figure 1+4)
      (study I, III and IV).
4. Sitting MP for end-play restriction in lateral flexion and rotation segmentally of the cervical
      (C4-7) and thoracic spine (Th1-8) (figure 1+5) (study I, III and IV).
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Figure 2. Illustration of the 14 points of the ant-              Figure 3. Illustration of the points used for
erior chest wall evaluated for muscular tenderness.           paraspinal evaluation of muscular tenderness.

      
Figure 4. Motion palpation for joint-play.                        Figure 5. Motion palpation for end-play.

4.5 Manual therapy

All CTA positive patients received eight treatment sessions during four weeks by the same
chiropractor. Each participant got at least one spinal manipulation at each session according to
motion palpation findings. Trigger point therapy intervention followed clinical practice, in which
the choice of initial and subsequent therapy is decided by the treating chiropractor. Not all patients
got trigger point therapy. Participants in the CTA negative group were interviewed and informed
about the CTA diagnosis by the chiropractor and underwent the same examination program of the
musculoskeletal system, but received no therapy.
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Spinal manipulation
Spinal manipulation was delivered to the restricted or hypomobile joints of the spine. High-velocity
and low-amplitude (HVLA) spinal manipulation directed at one or more restricted cervical and/or
thoracic joint segments (figure 6), as described by Bergmann et al.(90) When this study was planned,
there was some evidence that HVLA spinal manipulation was efficacy in the treatment of patients
with low back pain and neck pain.(91)

                               
                                         Figure 6. High velocity low amplitude spinal manipulation
                                         of the thoracic spine.

Trigger point therapy
Trigger point therapy intervention followed clinical practice, in which the choice of initial and
subsequent trigger point therapy is decided by the treating chiropractor. The pectoralis major and
minor muscles and the intercostal muscles were examined and trigger points were located. Manual
pressure as trigger point pressure release and deep stroking massage on the different trigger points,
were used ad modum Travell & Simons.(92)

4.6 Myocardial perfusion imaging

This non-invasive test is designed to evaluate regional myocardial perfusion under rest and stress
conditions. It involves the injection of a radiolabelled substance, which is extracted by the
myocardium and accumulates in proportion to myocardial blood flow. Such substances are injected
under stress as well as resting conditions, and images are obtained to define the regional distribution
of radioactivity within the myocardium. Based on this information stress images were compared
with the rest images. Defects that were present at rest and remained unchanged during stress were
considered as fixed defects. The appearance of new or worsening defects following stress was
considered to be defect reversibility.

Gated single photon emission computed tomographic imaging was performed using a
sequential same-day rest thallium-201/stress technetium-99m sestamibi dual-isotope protocol as
previously described by Berman and coworkers.(93) Standard procedures for image interpretation
included review of all scans by two experienced observers who were blinded to clinical history,
physical examination data, and the result of coronary angiography. Final and overall image
interpretation was achieved by consensus.
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4.7 Coronary angiography

Selective CAG is invasive and was performed ad modum Judgkin according to the routine of the
cardiology department.(94) The results were interpreted by the physicians on duty in the
catheterization laboratory and, if necessary, reviewed and corrected at the Heart Conference of the
Department of Cardiology. For the purpose of this study, significant coronary stenoses were those
with ≥50% luminal diameter narrowing of an epicardial coronary artery.

4.8 Statistics

Agreement within and between observers was expressed as absolute agreement and by means of the
Kappa statistic. Two rates of agreement were computed: one for ”strict agreement” (I and II) and
another for ”expanded agreement” (I).

Descriptive statistics were applied using percentages for discrete variables and means and
standard deviations for continuous variables. The statistical analysis included also usage of standard
non-parametric statistical methods. Comparisons were performed by tests such as Mann-Whitney,
McNemar, Wilcoxon and Fisher’s exact test. Odds ratios (OR) were used to quantify associations.
Quality of life scores were standardized for each patient by subtracting the corresponding age and
sex specific mean in the Danish population.

In the analysis of the clinical decision of CTA classification (III), initial comparisons of
candidate variables were done. Many of the variables were correlated and it was therefore difficult
to judge the role of each single variable in the decision process. To obtain further insight we tried to
reconstruct the clinical decision process by selecting serially variables with nearly unique
discriminating power in the sense that they allowed us to define a subgroup with almost exclusively
CTA positive or CTA negative diagnoses. In the absence of such variables we selected those
variables with maximal discriminative power in the sense of a minimal p-value, and combined them
into risk scores to define according subgroups.   

Changes in the continuous variables were described by the mean and SD of the individual
increase or decrease, and the differences between CTA positive and CTA negative patients were
assessed by the difference of the mean values. These same differences were then adjusted for
imbalances in the baseline values using an ANCOVA with an interaction between baseline and
group and evaluating the group’s difference from the population mean. Logistic regression analyses
were done to modelling the outcome at follow-up as a linear function of the baseline status and
group membership. P-values less than 5% were regarded as significant.
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5.  RESULTS

I
The intraobserver and interobserver reliability of sitting MP, prone MP, and paraspinal palpation for
tenderness in the upper eight segments of the thoracic spine were established in this investigation.
Using an ”expanded” definition of agreement which accepts small inaccuracies (+/- one segment) in
the numbering of spinal segments we found – based on pooled data - kappa values of 0.59 to 0.77
for the hour-to-hour and the day-to-day intraobserver reliability with all three palpation procedures.
Kappa coefficients were 0.24 and 0.22 for the interobserver reliability with prone and sitting MP
and 0.67 and 0.70, respectively, with paraspinal palpation for tenderness.

The prevalence of positive MP findings in the cervical spine was < 2% for each segment,
making a statistical evaluation of the reliability of palpation in the cervical spine inappropriate.
Nonetheless, we used cervical palpation in III.
II
The intraobserver reliability and interobserver reliability of palpation for muscular tenderness in the
anterior chest wall were assessed in this study. Based on a pooled analysis of data from palpation of
the anterior chest wall we found kappa values of 0.21 to 0.28 for the day-to-day intraobserver
reliability and of 0.44 to 0.49 for the hour-to-hour intraobserver reliability. For the interobserver
reliability, kappa values ranged between 0.22 and 0.31.
III
The decision making process of the CTA diagnosis was investigated along with a possible tool for
the identification of CTA. Finally, the diagnosis of CTA was validated. Eighteen percent of the
patients were classified as CTA positive, of which 80% had a normal MPI compared to 50% of
CTA negative patients (p< 0.001). Patient characteristics and MPI and CAG result are outlined in
table 2.

Table 2. Patient characteristics and results. Results of myocardial perfusion imaging and coronary
angiography.

CTA total
(N=275)

CTA positive
(N=50)

CTA negative
(N=225)

p

Patient characteristics
Age 56.31 (9.26) 50.36 (9.14) 57.63 (8.78) <0.001
Weight 81.24 (15.58) 82.02 (20.18) 81.08 (14.43) 0.899
Height 171.43 (12.50) 170.84 (18.68) 171.56 (10.74) 0.765
BMI 27.08 (3.81) 26.39 (3.46) 27.22 (3.87) 0.262
Systolic BP 141.17 (16.64) 136.76 (17.81) 142.15 (6.25) 0.009
Diastolic BP 85.57 (9.12) 83.24 (7.90) 86.08 (9.32) 0.025
Gender % female n=104 (38%) n=22 (44%) n=82 (36%) 0.337
Referred from GP n=135 (49%) n=38 (76%) n=97 (43%) <0.001
Perfusion imaging
Normal n=151 (56%) n=40 (80%) n=111 (50%)
Partly reversible defects n=33 (12%) n=1 (2%) n=32 (14%)
Reversible defects n=63 (23%) n=4 (8%) n=59 (27%)

<0.001

Fixed defects n=25 (9%) n=5 (10%) n=20 (9%)
Missing 3 0 3
Coronary angiography
Normal n=152 (59%) n=40 (91%) n=112 (52%)
1-vessel disease n=42 (16%) n=2 (5%) n=40 (19%)
2-vessel disease n=34 (13%) n=1 (2%) n=33 (15%)

<0.001

3-vessel disease n=31 (12%) n=1 (2%) n=30 (14%)
Missing 16 6 10

BMI = Body mass index. BP = Blood pressure. GP = General Practice.
Data are expressed as means (SD) or absolute numbers (relative frequencies).
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Noncardiac chest pain and atypical AP was significantly more frequent in the CTA positive group.
There was a significant trend for a generally higher CCS class in the CTA negative group
(p<0.001). Conversely, CTA positive patients suffered more often from neck pain (p < 0.001),
thoracic spine pain (p<0.001), and shoulder arm pain (p=0.041). No differences were found with
respect to the pain intensities (table 3).

Palpation findings in form of paraspinal muscular tenderness, end-play, and joint-play MP
restrictions were significantly more frequent among CTA positive patients (table 3).

Table 3. Discrimination between the CTA groups at baseline in palpation findings, chest, neck and
thoracic pain, and cardiovascular classification. Shown are absolute numbers and relative frequencies (in
parentheses).

CTA total
(N=275)

CTA positive
(N=50)

CTA negative
(N=225)

P

Palpation
     Chest wall tenderness 214 (78) 49 (98) 165 (73) 0.053
     Paraspinal tenderness 133 (48) 48 (96) 85 (38) <0.001
     End-play motion palpation 160 (58) 50 (100) 110 (49) <0.001
     Joint-play motion palpation 90 (33) 50 (100) 40 (18) <0.001
Type of  chest pain
   Non-cardiac chest pain 39 (14) 17 (34) 22 (10)
   Atypical angina 80 (29) 22 (44) 58 (26) <0.001
   Typical angina 156 (57) 11 (22) 145 (64)
CCS
   I 133 (48) 43 (86) 90 (40)
   II 128 (47) 7 (14) 121 (54)
   III 14 (5) 0 (0) 14 (6)

<0.001

   IV 0 (0) 0 (0) 0 (0)
Presence of chest pain
     Today 159 (58) 31 (62) 128 (57) 0.531
     Pain past 14 days 249 (91) 44 (88) 205 (91) 0.592
Chest pain intensity *
     Intensity today 2.63 (1.61) 2.74 (1.29) 2.60 (1.69) 0.283
     Max. intensity past 14 days 4.29 (2.21) 4.14 (1.97) 4.32 (2.27) 0.697
     Average intensity past 14 days 3.36 (1.87) 2.91 (1.63) 3.46 (1.91) 0.090
Presence of neck pain 106 (38) 37 (74) 69 (31) <0.001
Neck pain intensity *
     Average intensity past 14 days 3.55 (1.99) 3.57 (1.89) 3.54 (2.06) 0.713
Presence of thoracic pain 109 (40) 32 (64) 77 (34) <0.001
Thoracic pain intensity *
     Average intensity past 14 days 3.45(1.99) 3.19 (1.94) 3.56 (2.02) 0.194
Presence of shoulder arm pain 144 (52) 33 (66) 111 (49) 0.041
Shoulder arm pain intensity *
     Average intensity past 14 days 3.80 (2.18) 3.61 (2.25) 3.86 (2.17) 0.459

*Pain intensity data are expressed in means (SD) within patients reporting pain, i.e., a value between 1 and
10.

Finally, the main determinants in the decision process of the chiropractor could be identified giving
rise to a classification tree, which was an approximate reconstruction of the decision process as
outlined in III.
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IV
In this part we investigated if patients with a diagnosis of CTA would benefit from manual therapy
as compared to CTA negative patients. Approximately 75% of CTA positive patients reported
improvement of pain and of general health after treatment compared to 20%-22% of CTA negative
patients (p<0.0001) (figure 7)(IV, table 4).

               

Figure 7. Patients’ self perceived assessments of chest pain and general health at follow up.

Pain intensity decreased in both groups with consistently larger decreases for all types of pain
among CTA positive patients (table 4) with two of the decreases being significant. SF-36 scores
increased in the CTA positive group in 5 out of 8 scales and remained unchanged in CTA negative
group (table 5).

  Table 4. Change in pain intensity at follow-up among subjects with pain at baseline.

Decrease Unadjustet Diff Adjusted Diff

Variable
CTA Mean (SD) Diff 95% CI Diff 95% CI p

+ 0.79 (1.8)
Chest pain now

- 0.28 (2.1)
0.50 -0.4, 1.4 0.46 -0.4, 1.3 0.274

+ 1.15 (2.0)Maximum chest
pain* - 0.12 (2.2)

1.03 0.3, 1.8 1.15 0.4, 1.8 0.001

+ 0.56 (1.7)Average chest
pain* - 0.23 (2.0)

0.33 -0.3, 1.0 0.63 0.0, 1.2 0.048

+ 1.03 (2.5)Average thoracic
spine pain* - 0.69 (2.0)

0.35 -0.6, 1.3 0.54 -0.3, 1.4 0.228

+ 1.00 (2.4)Average neck
pain* - 0.59 (2.0)

0.41 -0.5, 1.3 0.45 -0.3, 1.2 0.256

+ 1.31 (2.1)Average shoulder
arm pain* - 0.89 (2.2)

0.42 -0.5, 1.3 0.44 -0.4, 1.4 0.294

* During the preceding 14 days.
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  Table 5. Increases in quality of life profile (SF-36) scores at follow-up compared to baseline.

Increase Unadjusted Diff Adjusted DiffVariable

CTA Mean (SD) Diff 95% CI Diff 95% CI
p-value

+ 0 (12.9)Physical
functioning - -1.39 (13.0) 1.4 -2.8, 5.6 2.5 -1.8, 6.8 0.253

+ 8.15 (21.1)Role
physical - -0.44 (30.6) 8.6 -0.8, 18.0 12.3 2.8, 21.9 0.011

+ 4.22 (14.7)Bodily
Pain

-
0.39 (17.3) 3.8 -1.6, 9.2 4.9 -0.3, 10.1 0.066

+ 0.53 (12.5)General
health - -0.27 (12.9) 0.8 -3.3, 5.0 2.6 -1.7, 6.8 0.232

+ 10.44 (17.7)Vitality
- 0.72 (15.8) 9.7 4.5, 14.9 0.6 4.6, 14.5 <0.001

+ 4.62 (17.2)Social
functioning - -1.51 (15.9) 6.1 0.9, 11.3 5.4 0.6, 10.3 0.029

+ 16.30 (34.5)Role
emotional - 2.59 (37.6) 13.7 1.7, 25.7 16.2 5.6, 26.8 0.003

+ 4.43 (15.1)Mental
Health - -0.74 (14.4) 5.2 0.5, 9.8 4.8 0.4, 9.2 0.033

CTA+: N=46 and CTA-: N=208.

After manual treatment, there was an increase from 37 (74%) to 42 (91%) (p=0.02) in CTA positive
patients who believed they had chest pain originating from muscles and joints of the thorax and the
neck and a decline from 26 (52%) to 18 (39%) (p=0.27) in patients who believed they had chest
pain of cardiac origin. Similarly, there was a decline from 37 (74%) to 22 (48%) (p=0.002) in CTA
positive patients who were afraid of their chest pain. In comparison, no statistically significant
changes were observed in the CTA negative group from baseline to follow-up for any of these three
questions.
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6.  DISCUSSION

It is generally accepted that the musculoskeletal system can produce chest pain, (1;4-7)  but the term
“musculoskeletal chest pain” does not imply a well-defined disease entity. On the contrary, chest
pains from the musculoskeletal system covers a heterogeneous group with various designations like
Tietze’s syndrome(95) costochondritis,(96) fibromyalgia,(96) chest wall tenderness,(12) degenerative
pathology of the spine,(45;48;97) myositis,(11) segmental thoracic dysfunction,(11;15;98) costovertebral
dysfunctions,(99-102) etc. Previous studies have suggested that 13%-18% of patients with chronic
chest discomfort(11;12) and 23%-28% with more acute chest pain(103;104) may suffer from
musculoskeletal chest pain. However, none of these applied validated palpatory examination
procedures, which limit their clinical value.

In the present work, we focused on a subgroup of stable AP population, namely patients with
a musculoskeletal cause of chest pain in the shape of CTA. This diagnosis was given to 18% of the
population with known or suspected AP referred for CAG at a University Hospital.

Palpation

The perception remains that palpation is a reliable procedure(105;106) despite the lack in evidence.(64-

67;107) The reason for this paradox may be the “face validity” of palpation:(64;65;106) the procedure
makes sense intuitively and it seems to be a reasonable approach to identify spinal dysfunction.
Furthermore, palpation appears to be a useful clinical tool in that it is non-invasive, easy to employ,
inexpensive and risk-free.

Reliability studies on palpation procedures have primarily focused on the ability to identify
correctly the presence of the same segmental dysfunction in a controlled research environment. In
the clinical situation, however, it is less important to identify the exact segmental level of a
dysfunction than to identify the presence of abnormality.(69;108) In line with this, it has been
demonstrated that the mechanical effects of spinal manipulation lack spatial specificity.(109)

Obviously, reliability is crucial when palpation procedures from clinical trials with group
comparisons are translated into the daily clinical practices with its focus on the individual patient.
Nevertheless, the number of studies investigating the reliability of motion palpation procedures of
the upper thoracic spine is very limited,(110;111) and none of these have focused on chest pain
patients. In fact, the literature is totally devoid of reports on the reliability of manual palpation for
tenderness of the thoracic muscles. As a consequence, we choose to establish and investigate our
own examination program based on motion palpation procedures (I & II) combined with patient
history (III). In part project I we used strict and “expanded” agreement. Strict agreement meant
exact spatial concordance between the observers’ findings of a certain dysfunction, whereas
expanded agreement allowed minor spatial disagreement of ± 1 vertebral segment. Our results (I)
suggested that an experienced observer using sitting and prone MP could achieve acceptably low
hour-to-hour and day-to-day variability. Additionally, we obtained an acceptably low intra- and
interobserver variability when paraspinal tenderness was diagnosed in the thoracic spine (I), a
finding which was in keeping with results from palpation of other spinal regions.(66;112;113) We did
not use the expanded agreement in II because topographic uncertainty locating the 14 anatomic
points was not to be expected among observers (figure 2). The results in II suggested an
unacceptably high intra- and interobserver variability with palpation for tenderness in the anterior
chest wall. No comparable study exists.

Despite the high observer variability in II and the consequent methodological limitations, we
choose to combine the palpation procedures from I & II into one protocol. We did so because
several previous investigations had used palpation for tenderness of the thorax to classify or
categorize patients with AP,(12;114;115) and further because there exists no generally accepted
alternative procedures for examination for chest wall tenderness.
 The concept of diagnosing joint dysfunctions and muscular tenderness with manual palpation
is well known within different medical disciplines like cardiology and rheumatology as it is within
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physical therapy, chiropractic, and manual medicine.(116-118) However, within the medical fields
there has been no tradition for evaluating the reliability of these procedures although modern
textbooks describe the use of manual palpation.(62;116)

The diagnosis of musculoskeletal chest pain

There exist no golden standard to assess the existence of CTA. We used proxy measures such as
manual palpation procedures and the case history to establish the diagnosis. In III, we combined the
protocol of I and II with a detailed case history to investigate the decision making process of the
chiropractor and to identify the most important determinants from both patient history and clinical
examination to create a classification tree (III, figure 1).(119) First, we compared the frequency of the
candidate variables in the CTA positive and CTA negative patients (III). The role of each single
variable in the decision process can be difficult to judge since many of the variables are correlated.
Even if a variable has an influence in certain subgroups it does not necessarily have a high
discriminative power in the whole population. If it was not possible to select serial variables with a
distinctive discriminating power we selected the variables with minimal p-values and combined
them into a risk score (III).

Highest significance for association with the CTA positive diagnosis was found for a) CCS
grade of angina, b) presence of neck pain, c) type of angina, d) four palpation findings, and e) spinal
tenderness. Further, we found 27 variables that were less closely associated with the CTA
diagnosis. By these means we were able to give an example of the reconstructed decision process
for the CTA positive patients (III, figure 1).

Additionally, by comparison with an independent and totally different modality like MPI, we
found support for the validity of the chiropractic CTA diagnosis.

Manual treatment of musculoskeletal chest pain

It is of great interest to explain if, and to what extent, manual therapy to patients with
musculoskeletal chest pain are capable of reducing the symptoms of the disorder in a favourable
direction. Our non-randomised clinical treatment study is the first prospective trial in the literature.
The overall impression from our study is that manual therapy may have an effect.

The major criticism of our positive outcome in IV may be our study design. With its
limitations, the non-randomised trial may be used to detect associations between intervention and
outcome although one cannot rule out that some associations were caused by a third factor linked to
both intervention and outcome. It is not always feasible to conduct a randomised controlled trial
especially not if a certain treatment is considered mandatory or preferable to others. Further,
exposing patients to an intervention believed to be inferior to current treatment may be superfluous
or even unethical. Strong patient preferences or certain belief (“the heart is the pain source”) may
limit recruitment and cause bias. It appeared that our study design was the most feasible solution
within the time window available (2 years). There was no need to start a randomised trial unless we
had found a diagnostic means and a treatment option which we believed would work at an early
stage of the disease. Except for a few case reports(11;15;120-125) suggesting a beneficial effect of
manual therapy we had no indication of which kind of manual therapy, which intensity, and which
duration of treatment was needed for it to be effective. Given these constraints, we had to make our
own choice with regard to palpation and treatment procedures, recognizing that one or both might
turn out not to be ideal. In doing this we hoped at least to see patterns and pointers that could make
the basis for future randomised trials.

Quality of life
We found that five out of eight quality of life scores increased significantly in the CTA positive
group and remained unchanged in the CTA negative. The SF-36 is a generic quality-of-life
instrument not created especially for chest pain patients. Nevertheless, it did ably document patient



23

self-perceived benefits of manual therapy in role physical, vitality, social functioning, role
emotional and mental health scores (table 5). The bodily pain scale was borderline significant. The
physical functioning and the general health scores were not able to quantify significant treatment
effect. The lack of improvement in the SF-36 general health score was contradicted by the patients’
self perceived general health (figure 7).

Pain measurements
The quality of pain was fairly uniform in the CTA positive and CTA negative group, except for
sharp pain, being more frequent among the CTA positive patients (III). Distinction could not be
made from symptoms often regarded as characteristic for musculoskeletal chest pain (III). We
found the expected differences concerning type and severity of AP in the two groups namely more
non-cardiac chest pain and lower CCS class among the CTA positive patients, compared to more
typical AP and higher CCS class among the CTA negative patients (III). More neck, thoracic, and,
shoulder arm pain was found in the CTA positive group (III). The intensity of these different pains
had no discriminative power for neck, thoracic, chest, and, shoulder arm pain (table 3).

Since there has been no tradition for systematic observer unrelated assessment of pain
intensity in patients with AP, we choose to use rating scales and patient perception of pain. We
applied a questionnaire with intensity grading on a 11-point box scale(80) of chest pain, thoracic
spine pain, cervical spine pain, and shoulder arm pain. A major advantage of this serial measure of
sensory pain intensity is its ratio scale properties, making it appropriate to speak about differences
between measurements obtained at different point in time.(126) At the same time it is easy to
administer and score.(80) Its major limitation is the assumption that pain is an uni-dimensional
experience which can be measured with a single item scale.(127)

As we can see in figure 8, the results of the rating scale score usually show a distribution with
a distinct peak at 0, i.e., a substantial fraction of subjects indicated no pain. The remaining values
were often spread over a wide range with a peak in the region of 1-3. Therefore, we decided to
analyse the scores in the following way: First, we considered the relative frequency to observe a
score of 0, and, secondly, we considered the distribution of the scores among patients with a rating
scale score >0, reporting mean and standard deviation (table 3).

On the binary scales we found no effect of the manual therapy in any of the six pain scales
(IV). However, maximum chest pain intensity and average chest pain intensity during the last
fortnight did improve significantly in the CTA positive compared to the CTA negative group and
with the remaining four scales there was an insignificant tendency for reduction in pain intensity
among the CTA positive patients (table 4).

Patient perception of pain and general health
In addition to the rating scale we used the patient’s own perception of pain and general health. This
approach has been criticized and avoided in many clinical studies in the past because of concern of
recall bias.(128)

About 74% of the CTA positive patients reported improvement of pain after treatment (IV)
compared to 22% among the CTA negative ones. Thirteen percent of the CTA negative group
reported worse chest pain after treatment compared to none in the CTA positive group (figure 7)
(IV, table 4).

These conflicting results with pain measurements, suggest that rating scales are not an
appropriate tool to assess improvement in such a low level pain population, neither as a binary nor
as a continuous variable. This might be explained by the fact that in studies on the effect of manual
therapy using rating scales scores as an outcome measure baseline values have typically a mean
about 5-6 allowing a mean reduction by 3 to 4 points to be observed.(129;130)  In our population of
patients we had a mean of 3.5 at baseline, and - in contrast to most other studies – a substantial
fraction of patients with no pain (figure 8). Similarly, the high standard deviations of about 2 for the
change in the pain scores among the CTA negative patients made assessment of improvement
difficult (table 4).
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Figure 8. Distribution of pain ratings for the 6 different types of pain.
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Other investigators have found poor agreement and low correlation between a serial measure
of pain intensity and the patients’ retrospective perception of pain.(131;132) Similar tendencies might
explain our findings.

Participants in the clinical studies III and IV
Our patients did not come to us for manual examination and treatment. They were recruited from
the MILES study, the aim of which was to investigate the prevalence of various myocardial
perfusion patterns in patients referred to cardiac catheterisation for known or suspected stable AP.
In fact, many of the patients who were included in the present study were surprised to know that the
musculoskeletal system could potentially cause chest pain. They had been told beforehand that their
pain was probably of cardiac origin, and that it might become dangerous if it was not examined and
treated accordingly.

Of our 972 prospective patients roughly one half were not included in the MILES study due to
chosen exclusion criteria (III). Of the 516 eligible patients approximately 25% did not comply or
gave no written consent to participate, and about 22% were not included for medical reasons (III,
table 2). The 25% was a disappointing high number. The most frequent reasons the patient gave
during the interview were lack of time, fear for the manual treatment and a firm belief that the heart
and not other organs was the cause of symptoms and, consequently, additional examination
appeared redundant to them.
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7.  CONCLUSIONS

We found good intraobserver reliabilty with prone and sitting motion palpation for biomechanical
dysfunction and paraspinal palpation for tenderness (I) and good interobserver reliabilty with regard
to paraspinal tenderness (I), but poor interobserver reliability with prone and sitting motion
palpation and palpation of the chest wall and poor intraobserver reliability with palpation of the
chest wall (I and II).

A standardized clinical examination program was established to prepare a diagnosis of
noncardiac chest pain originating from the musculoskeletal system (I and II). Further, it was
demonstrated that it is possible to identify a subset of patients with suspected AP who match the
diagnosis of CTA, in the present material approximately 1/5 of patients. Among the CTA positive
patients, 80% had normal myocardial perfusion compared to 50% of CTA negative patients (III)
indicating more angina due to myocardial ischemia among the CTA negative ones.

Finally, our treatment series suggested that patients with suspected AP and a chiropractic
based diagnosis of CTA might benefit from manual therapy (IV).



27

8.  PERSPECTIVES

A two-year follow-up of the MILES population will finish in November 2003. Of the 507 patients
invited for follow-up, 404 have accepted participation.
These results, including data from the CTA positive and CTA negative patients, are presently being
evaluated. We hope to answer some of the following questions: 1) Did the positive treatment effect
last for two years? 2) Did the musculoskeletal findings change during the follow-up period? 3) Did
the quality of life scores change? 4) Did the pain symptoms vanish in the CTA negative group when
they had the CAG examination performed and the appropriate treatment or advice? 5) Did the
patients with normal MPI have their antianginal medicine reduced?

This is the first in a series of projects on how to identify spinal dysfunction by manual
examination and the relation between patient self-reported pain and manual examination. Presently,
the investigator is involved in a systematic review of the peer-reviewed literature about the
reliability and reproducibility of manual examination procedures of the spine, taking into account
the quality of the studies. This information shall be used in future study designs for reliability and
validity studies on manual palpation.

Further, we would like to improve the manual diagnosis as part of the improved differential
diagnosis in the non-cardiac chest pain disorders as a contribution to obtaining meaningful,
manageable and clinical relevant definitions of the different non-cardiac chest pain disorders.

As a consequence of the possibility to identify a subgroup of patients with suspected AP who
have in fact noncardiac chest pain originating from the musculoskeletal system – the use of case
history and a standardized examination program should be advocated in general practice and at
cardiological wards by means of postgraduate courses.  The perspective could be that a number of
patients could be without extensive investigations (MPI/CAG).

Retrospectively, we have come to realize that patients’ reporting of chest pain reflect both a
sensory experience and the patient’s affective and cognitive responses, accordingly, it might have
been more useful to apply a multidimensional scale, like the McGill pain questionnaire, which
consists of 3 major classes of word descriptors – sensory, affective and evaluative – and has been
developed to provide more comprehensive information about the subjective pain experience.(127) In
future studies we will consider adopting this scale.

Alternative outcome variables should be considered. A functional measure like the Seattle
Angina Questionnaires which is an 19-item self-administered questionnaire measuring five
dimensions of coronary artery disease: physical limitation, anginal stability, anginal frequency,
treatment satisfaction and disease perception, could be used. It has been found valid and reliable
(133), and superior to the Specific Activity Scale and the Duke Activity Status Index which only
predict physical limitation and have been tested in patients with heart disease and not non-cardiac
angina.(134;135)

The development of a “chest pain disability index” should be pursued in which a combination
of different outcome measures could differentiate non-cardiac from cardiac aetiologies. The chest
pain disability index could combine physical and psychological capacity and include the aspects of
how distressing patients find their chest pain. Obviously, such an index should be developed in a
collaboration between different medical specialities and manual therapy disciplines.

Concomitantly, it probably would be necessary to study further the basic mechanism of chest
pain in corporation with physiologists. This might help refining the various diagnostic means and,
hopefully, provide a better basis for more individualized and further optimized therapy in this
category of patients.
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9.  SUMMARY IN ENGLISH

This is a ph.d.-dissertation on diagnosis and treatment of chest pain from the musculoskeletal
system in patients with known or suspected stable angina pectoris (AP), more definite named
cervico-thoracic angina (CTA). The dissertation comprises 4 part projects (I-IV). The aim was to
assess the reliability of different manual palpation methods for the detection of muscular tenderness
in the thorax and biomechanical dysfunction in the spine (I-II). Additional, illustrate the occurrence
of CTA in AP patients and describe the possible diagnostic decision process based on case history
and clinical examination including manual palpation (III). Finally, it was examined if patients with
a CTA positive diagnosis would benefit from manual treatment (IV).

In I and II we investigated the intra- and interobserver reliability of 4 palpation methods in 85
patients. I part project III, 507 patients referred for coronary angiography (CAG) were examined.
Out of these 275 gave consent to participate. Myocardial perfusion imaging (MPI) was done to
evaluate the perfusion of the myocardium and later CAG were done. The result was not
communicated. The treatment part (IV) was done as a non-randomised trial where 50 patients with
the diagnosis CTA were offered manual therapy. The studies showed, that it was possible to
establish an examination program with low intraobserver variation, but with high interobserver
variation except for paraspinal tenderness. Further, it was shown, that an experienced chiropractor,
by systematic manual palpation of the spine and thorax in combination with a number of variables
from the case history and the clinical examination, could identify a subgroup of AP patients with
CTA, in the present material 18%. In this group we found normal myocardial perfusion in 80%
compared with 50% in the CTA negative group. Finally, the non-randomised treatment series
suggested that patients with suspected AP and a chiropractic-based diagnosis of CTA might benefit
from manual therapy (IV). To sum up, the study gave the impression that musculoskeletal
dysfunction can be a (contributory) cause of the chest pain in patients referred for further
investigation of AP, and that manual therapy is a possible treatment offer to these patients.

The clinical consequences of the treatment trial cannot be concluded before we have long-
term results and more controlled treatment trials.



29

10.  SUMMARY IN DANISH

Denne ph.d.-afhandling omhandler diagnostik og behandling af brystsmerter afledt fra det
muskuloskeletale apparat hos patienter med kendt eller formodet stabil angina pectoris (AP),
såkaldt cerviko-thorakal angina (CTA). Afhandlingen består af 4 delprojekter (I-IV). Formålet var
at vurdere reproducerbarheden af forskellige manuelle palpationsmetoder til påvisning af muskulær
ømhed i thorax samt biomekaniske dysfunktioner i rygsøjlen (I-II). Desuden at belyse forekomsten
af CTA hos AP patienter og i den forbindelse beskrive den mulige diagnostiske beslutningsproces
baseret på sygehistorie og klinisk undersøgelse inklusive palpation (III). Endelig blev det søgt
vurderet, om patienter med diagnosen CTA havde gavn af manuel behandling (IV).

I I og II undersøgtes intra- og interobservatør variationen af 4 palpationsmetoder hos 85
patienter. I delarbejde III undersøgtes 507 patienter henvist til koronararteriografi (KAG). Af disse
indvilligede 275 i deltagelse. Der blev udført myokardiescintigrafi (MPI) til vurdering af
myokardieperfusionen og senere KAG. Resultatet af disse undersøgelser blev ikke oplyst.
Behandlingsdelen (IV) blev gennemført som et ikke-randomiseret forsøg, hvori 50 patienter med
diagnosen CTA blev tilbudt manuel behandling. Studierne viste, at det var muligt at etablere et
undersøgelsesprogram med lav intraobservatør variation, men med høj interobservatør variation
med undtagelse af palpation for paraspinal ømhed. Det blev yderligere vist, at en erfaren
kiropraktor, ved systematisk manuel palpation af rygsøjlen og thorax i kombination med en række
variabler fra sygehistorien og den kliniske undersøgelse, kan identificere en undergruppe af AP
patienter med CTA, i det aktuelle materiale 18%. Hos 80% af denne gruppe blev der fundet normal
perfusion i myokardiet mod 50% i gruppen af CTA negative patienter. Endelig antydede den
urandomiserede behandlingsdel, at AP patienter med  den kiropraktiske diagnose CTA muligvis kan
have gavn af manuel behandling. Sammenfattende gav projektet indtryk af, at muskuloskeletal
dysfunktion kan være en (medvirkende) årsag til brystsmerter hos patienter henvist til nærmere
undersøgelse for AP, samt at manuel terapi muligvis er en behandlingsmulighed hos disse.

De kliniske konsekvenser af det gennemførte behandlingsforsøg kan ikke drages, før der
foreligger langtidsresultater og mere kontrollerede behandlingsserier, end der har kunnet rummes i
det nærværende ph.d.-projekt.
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ORIGINAL ARTICLES

PALPATION OF THE UPPER THORACIC SPINE:
AN OBSERVER RELIABILITY STUDY

Henrik Wulff Christensen, DC, MD,a Werner Vach, PhD,c Kirstin Vach, MSc,c Claus Manniche, MD, DMSc,d

Torben Haghfelt, MD, DMSc,b Lisbet Hartvigsen, DC, DMSc,b and Poul Flemming Høilund-Carlsen, MD, DMSca

ABSTRACT

Objective: To assess the intraobserver reliability (in terms of hour-to-hour and day-to-day reliability)
and the interobserver reliability with 3 palpation procedures for the detection of spinal biomechanic
dysfunction in the upper 8 segments of the thoracic spine.

Design: A repeated-measures design was used in all substudies.

Setting: Department of Nuclear Medicine, Odense University Hospital, Denmark.

Participants: Two chiropractors examined 29 patients and 27 subjects in the interobserver part and 1
chiropractor examined 14 patients and 15 subjects in the intraobserver studies.

Intervention: Three types of palpation were performed: Sitting motion palpation and prone motion
palpation for biomechanic dysfunction and paraspinal palpation for tenderness. Each dimension was rated
as “absent” or “present” for each segment. All examinations were performed according to a standard
written procedure.

Results: Using an “expanded” definition of agreement that accepts small inaccuracies (�1 segment) in
the numbering of spinal segments, we found—based on the pooled data from the thoracic spine—kappa
values of 0.59 to 0.77 for the hour-to-hour and the day-to-day intraobserver reliability with all 3 palpation
procedures. Kappa coefficients were 0.24 and 0.22 for the interobserver reliability with prone and sitting
motion palpation and 0.67 and 0.70, respectively, with paraspinal palpation for tenderness.

Conclusion: With expanded agreement we found good hour-to-hour and day-to-day intraobserver
reliability with all 3 palpation procedures and good interobserver reliability for paraspinal tenderness. The
interobserver reliability was unacceptably poor with prone and sitting motion palpation. (J Manipulative
Physiol Ther 2002;25:285-92)
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INTRODUCTION

The diagnosis of biomechanic dysfunction is funda-
mental to disease classification within the muscu-
loskeletal system.1 Palpation is the method of

choice for diagnosis of biomechanical dysfunction. Text-
books on chiropractic describe comprehensively palpatory
techniques2,3 to identify a biomechanical dysfunction in the
spinal column suitable for manipulation. Similarly, other
disciplines that practice manual therapy use palpation as an
assessment tool for mechanical musculoskeletal dysfunc-
tion.4,5 Consequently, in clinical trials comparing groups of
patients and in the routine focusing on individual patients,
knowledge of the reliability of palpation as a diagnostic
means is crucial.

We wanted to examine the role of symptomatology of the
musculoskeletal component in a clinical trial on patients
with stable angina pectoris. Before doing this we had to
choose and test the relevant palpation procedures because
reports in peer-reviewed literature on the reliability of pal-
pation procedures in the thoracic region are sparse.

Because no gold standard for the finding and grading of
spinal segmental dysfunction exists, we examined different
aspects of observer reliability. The aim was to test the
intraobserver reliability (in terms of hour-to-hour and day-
to-day reliability) and the interobserver reliability with 3
palpation procedures in the detection of spinal dysfunction
in the upper thoracic spine. Only those procedures with
“acceptably high” reliability would be feasible in our later
clinical trial on patients with stable angina pectoris. The 3
procedures were (1) prone motion palpation, (2) sitting
motion palpation, and (3) palpation for paraspinal tender-
ness.

METHODS

Study Population
A total of 107 subjects without suspicion of rheumatic

inflammatory disease or fibromyalgia were scheduled to
take part in the study. Of these, 51 were patients (18
females, 33 males), median age 61 years (range 31-74), who
were referred consecutively to the Department of Cardiol-
ogy because of known or suspected stable angina pectoris
lasting more than 3 months. The remaining 56 were control
subjects (21 females, 35 males), median age 56 years (range
39-68), from the Department of Nuclear Medicine who
fulfilled the following criteria: a history without heart dis-
ease, a normal resting electrocardiogram, and no chest pain.
Twenty-two subjects dropped out for various reasons: with-
drawal of consent (8), did not show up (7), coronary an-
giography performed between time of consent and biome-
chanical examination (5), and other causes (2). Of the
remaining 43 patients and 42 controls, 29 and 27, respec-
tively, were enrolled in the interobserver reliability protocol
(of these, 12 and 15, respectively, took part in the hour-to-
hour intraobserver protocol), and 14 and 15, respectively,

participated in the day-to-day intraobserver protocol. The
project was approved by the local ethics committee and all
subjects gave oral and written informed consent.

Design
Two experienced chiropractors (observers A and B) con-

ducted the interobserver part of the study, and observer A
undertook the intraobserver parts. The examination proce-
dures were thoroughly practiced between the examiners in a
4-hour training session followed by a small pilot series
including 8 patients. A third person without knowledge of
the clinical findings instructed the subjects on the day of the
examination about the protocol and recorded their demo-
graphics. Each observer was blind to subjects’ characteris-
tics and to the findings of the other observer. Similarly, the
subjects were blind to the findings of the 2 observers.

In the hour-to-hour intraobserver part, all subjects were
reexamined in random order within an interval of 1 1/2-2
hours. The intra- and interobserver studies were done within
10 days. Observer A saw 14 to 22 subjects on a single day
and observer B examined 5 to 8 subjects in addition to
several private patients in her clinic (15-20 on a single day).
In the day-to-day part, all subjects were examined at the
same hour on 2 consecutive days. In both intraobserver
parts, the heads of the subjects were covered by a balaclava
helmet at the repeat examination. In the interobserver part,
one half of the patients were examined first by observer A,
whereas the other half was examined first by observer B. It
was determined by random numbers which observer was the
first to palpate.

Examination Protocol
Three types of palpation3 were carried out in the follow-

ing order:
1. Sitting motion palpation for end-play restriction in

lateral flexion and rotation segmentally (sitting).
2. Prone motion palpation for joint-play evaluation seg-

mentally (prone).
3. Paraspinal palpation for tenderness segmentally

(prone).
Each dimension was rated as 0 � absence of abnormality,

or 1 � presence of abnormality. All examinations were
carried out according to a standard written procedure. First,
the subjects were seated on a chair with arms next to their
sides. The spinous process of vertebra T1 was marked by
the first examiner. In the sitting position, sitting motion
palpation of the upper thoracic spine (vertebrae T1-T8) was
performed. Next, the patients were asked to lie prone on the
examination table for prone motion palpation of the spinal
column and palpation for paraspinal tenderness over the
zygapophyseal joints at the thoracic spine (vertebrae T1-
T8).
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Agreement Definition
Traditionally, agreement between 2 observers is defined

as “strict agreement”, (ie, an exact concordance between the
observers’ findings). The straight-forward application of
this idea in the present context would be to consider 2
observers as agreeing with respect to a single vertebral
segment if they made the same positive finding in exactly
the same segment (eg, vertebra T4).

However, this definition is too narrow for the following
reasons. In case of a mechanical pain condition in the
thoracic spine, treatment decisions do not depend on the
palpation of a specific segment. Usually an “area” of symp-
toms is treated with spinal manipulative therapy rather than
a specific vertebral segment. Therefore, the exact location of
a finding among the vertebral segments is not relevant in the
clinical setting when the location determined by 2 observers
differs by a single segment. However, the traditional “strict
agreement” requires that examiners locate exactly the same
segment. From a clinical point of view and in the decision
on specific manipulative therapy, the numbering of a certain
segmental level is not essential as long as the area to be
treated is correctly identified manually, or as long as the
same segment is being treated by the different observers
although they may number it differently. (eg, �1 segment).6

We decided that agreement with regard to the localization of
an abnormal finding was present if it was reproduced on the
second occasion in exactly the same vertebral segment or in
a neighboring segment, this we termed “expanded agree-
ment.” Hence, we regarded 2 decisions as disagreeing if and
only if one observer recorded a positive finding in a certain
segment and the other observer recorded a negative finding
in the same segment and in the 2 neighboring segments (Fig
1). In the cranial and caudal parts of the thoracic region

examined, we only used the available 2 segments to deter-
mine the expanded agreement.

Statistical Analysis
The frequencies of a positive finding were computed for

sitting motion palpation, prone motion palpation, and
paraspinal tenderness. Intra- and interobserver reliability
was assessed by agreement rates and corresponding kappa
values. The intra- and interobserver reliability were ana-
lyzed separately with respect to sitting motion palpation,
prone motion palpation, and spinal tenderness on both the
left and right sides of the spine. For all segments we
computed the 2 rates of agreement, one for “strict agree-
ment” and another for “expanded agreement.”

Kappa coefficients were computed for both types of
agreement; details are given in Appendix. For the interpre-
tation of kappa values, we refer to the 5 categories as
described by Landis and Koch7: poor � 0.20, fair 0.21-0.40,
moderate 0.41-0.60, good 0.61-0.80, and very good agree-
ment 0.81-1.00. Acceptable reproducibility, ie, clinically
important agreement, was defined a priori as a kappa value
�0.50.

For the statistical analyses we applied the program pack-
age STATA (Statistical Software 6.0, College Station,
Tex.).8

RESULTS

Table 1 shows the results on the basis of pooled data from
all 8 segments in the upper thoracic spine. Thus, it displays
the prevalences of a positive finding by observers A and B,
the data for strict agreement, and the data for expanded
agreement with regard to the hour-to-hour intraobserver

Fig 1. Definition of expanded agreement and strict agreement at vertebral segment K. A, Observer A; B, observer B; O, absence;
1, presence; x, O or 1.
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reliability, the day-to-day intraobserver reliability and the
interobserver reliability. The complete data set of segment-
specific results for all 8 segements of the upper thoracic
spine are shown in Table 2 with respect to the hour-to-hour
intraobserver reliability. The corresponding segment-spe-
cific results for the day-to-day intraobserver and interob-
server reliability are not given.

DISCUSSION

In a clinical setting we would like to regard certain
palpation procedures as accurate measurements of underly-
ing biomechanic dysfunction of the spinal column. How-
ever, we are unable to assess such agreement by comparison
with the truth because we are short of infallible reference
procedures. Hence, we can only estimate the reliability or
reproducibility of a procedure (ie, the ability of an observer
to agree with himself or with another observer).

We used an appropriate statistical approach for evalua-
tion of the reproducibility of spinal palpation,9 acknowledg-
ing the clinical experience that the location of a positive
finding may easily vary by one spinal segment. We are
aware that the introduction of the “expanded agreement”
concept and the consequent better agreement rates and
higher kappa values is debatable. On the other hand, be-
cause of the uncertainty in precise anatomic localization,
one may also argue that the rates of “strict agreement” and
corresponding kappa values do not do the method justice,
because from a clinical point of view, it may be more
relevant to validate the different palpation tools in making a
positive diagnosis instead of testing their topographic capa-
bilities.

As we deal with comparable biologic changes in different
vertebral segments of the thoracic spine, we can, in addition,
expect that the reliability of palpation does not vary much
among the vertebral segments of this region even if the
prevalences of the positive findings vary. Hence, it seems
also justified to pool the data from adjacent segments and to
consider the overall rate of agreement, counting all subjects
and all segments of that region. This overall rate of “ex-
panded agreement” on the basis of the pooled data gives us,
of course, nothing else than the arithmetic mean of the
segment-specific agreement rates. However, as these aver-
ages pool the information from the different segments, they
and their corresponding kappa values are a more reliable
description of the diagnostic capability than their segment-
specific counterparts. We used symptomatic patients and
asymptomatic subjects because restriction to asymptomatic
subjects is not recommended.10

Our Findings
It appears that comparable papers on the examination of

the thoracic spine do not exist. In our study, the second
observer reported consistently higher prevalence of positive
findings (Table 2). This alone made perfect agreement im-
possible. Still, with our concept of “expanded agreement”
using pooled data, we found sitting and prone motion pal-
pation kappa values of about 0.6 for the hour-to-hour and
for the day-to-day intraobserver reliability but values of
only 0.22 and 0.24 for the interobserver reliability (Table 1).
This suggests that it is possible to use each single subject as
his or her own control in treatment studies, provided “be-
fore” and “after” examinations are performed by the same

Table 1. Prevalences, agreement rates, and kappa values based on pooled analysis of hour-to-hour intraobserver, day-to-day
intraobserver, and interobserver data from examination of the spine, vertebral segments T1 to T8 (95% CI in parentheses)

Strict agreement

CI

Expanded agreement

CI
Prevalence

1A
Prevalence
2A or 1B

Relative
frequency Kappa

Relative
frequency Kappa

Hour-to-hour intraobserver data (1A/2A, N � 216)
SMP 27 19 0.86 0.13 (–0.66-0.94) 0.94 0.60 (0.00-1.00)
PMP 42 40 0.82 0.33 (–0.21-0.87) 0.93 0.68 (0.24-1.00)
STL 35 38 0.88 0.57 (0.13-1.00) 0.94 0.77 (0.43-1.00)
STR 45 53 0.83 0.50 (0.21-0.92) 0.92 0.73 (0.38-1.00)
Day-to-day intraobserver data (1A/2A, N � 232)
SMP 25 25 0.88 0.33 (–0.33-0.99) 0.93 0.59 (0.05-1.00)
PMP 42 54 0.84 0.45 (–0.01-0.91) 0.91 0.64 (0.22-1.00)
STL 40 51 0.81 0.34 (–0.16-0.84) 0.90 0.63 (0.23-1.00)
STR 52 61 0.82 0.45 (0.02-0.88) 0.92 0.73 (0.40-1.00)
Interobserver data (1A/1B, N � 448)
SMP 47 68 0.80 0.00 (–0.52-0.52) 0.86 0.22 (–0.29-0.73)
PMP 89 122 0.68 –0.03 (–0.42-0.36) 0.81 0.24 (–0.17-0.65)
STL 94 126 0.79 0.38 (0.07-0.69) 0.90 0.67 (0.49-0.93)
STR 121 143 0.77 0.38 (0.08-0.68) 0.90 0.70 (0.46-0.94)

SMP, Sitting motion palpation; PMP, prone motion palpation; ST, spinal tenderness at the zygaphophysial joints; L, left; R, right; N, total number of
spinal segments examined; Prevalence 1A, number of positive findings on the first examination by observer A; Prevalence 2A, number of positive findings
on the second examination by observer A; Prevalence 1B, number of positive findings on the first examination by observer B.
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observers. In contrast, the kappa values representing “strict
agreement” indicated a very poor reproducibility close to
chance agreement for the segment specific decisions (Table
1).

For spinal tenderness we obtained kappa values between
0.63 and 0.77 for all 3 kinds of reliability in the pooled
analysis, indicating relatively good reproducibility (Table
1). Because we obtained similar kappa values for the intra-
and interobserver reliability, we can conclude that the
source of disagreement is related less to the subjectivity of
different observers than to the uncertainty of each single
observer. Kappa values for the strict agreement were ac-
ceptable (0.57 and 0.50) for the hour-to-hour intraobserver
reliability, but were equally low for the day-to-day intraob-
server reliability (0.34 and 0.45) and the interobserver reli-
ability (0.38 and 0.38). This suggests a biologic variation in
subjects in the hour-to-hour intraobserver part of the study,

or that relocalization of a specific vertebral segment is more
easily done on the same instead of different days.

Considering expanded agreement we found no great dif-
ferences between hour-to-hour and day-to-day intraobserver
reliability for the 3 signs we looked for. Hence, increasing
the interval between 2 examinations from 2 to 24 hours did
not decrease the reliability as a result of a single observer.
Apparently, this is the first time this has been demonstrated
for a chiropractic issue.

Other Investigations
Harvey and Byefield11 also recognized the problem with

inaccurate anatomic localization when using a mechanic
model for evaluation of spinal motion palpation, and they
also suggest allowing for localization differing by 1 seg-
ment. However, the details of their statistical approach
remain unknown. There are only 2 previous reports dealing

Table 2. Prevalences and agreement rates of hour-to-hour intraobserver data for specific vertebral segmental findings of sitting
motion palpation, prone motion palpation, and spinal tenderness in the spine, vertebral segments T1 to T8

Prevalence
1A (N � 27)

Prevalence
2A (N � 27)

Strict agreement Expanded agreement

Relative
frequency Kappa

Relative
frequency Kappa

SMP T1 3 1 0.93 0.46 0.93 0.46
SMP T2 5 1 0.85 �0.15 0.93 0.42
SMP T3 5 5 0.85 0.42 0.93 0.67
SMP T4 5 6 0.74 0.04 0.85 0.35
SMP T5 5 3 0.70 �0.58 0.89 0.35
SMP T6 2 2 0.85 �0.50 0.96 0.56
SMP T7 1 1 1.00 1.00 1.00 1.00
SMP T8 1 0 0.96 �1.00 1.00 1.00
PMP T1 2 1 0.96 0.64 0.96 0.64
PMP T2 4 2 0.93 0.53 1.00 1.00
PMP T3 8 10 0.63 �0.06 0.93 0.68
PMP T4 10 13 0.67 0.06 0.93 0.71
PMP T5 9 9 0.70 0.14 0.81 0.17
PMP T6 5 3 0.78 �0.10 0.89 0.31
PMP T7 4 2 0.93 0.59 0.93 0.56
PMP T8 0 0 1.00 1.00 1.00 1.00
STL T1 0 0 1.00 1.00 1.00 1.00
STL T2 7 3 0.85 0.35 0.93 0.70
STL T3 4 7 0.81 0.44 0.93 0.76
STL T4 5 8 0.89 0.71 0.93 0.78
STL T5 6 8 0.93 0.82 0.96 0.88
STL T6 5 6 0.81 0.41 0.89 0.63
STL T7 5 6 0.89 0.67 0.93 0.77
STL T8 3 0 0.89 �0.10 0.96 0.60
STR T1 1 0 0.96 0.43 0.96 0.43
STR T2 9 7 0.70 0.14 0.85 0.55
STR T3 8 7 0.81 0.46 0.93 0.77
STR T4 7 9 0.93 0.83 1.00 1.00
STR T5 7 10 0.81 0.56 0.89 0.72
STR T6 5 9 0.78 0.45 0.85 0.58
STR T7 6 10 0.78 0.49 0.85 0.59
STR T8 2 1 0.89 0.15 1.00 1.00

SMP, sitting motion palpation; PMP, prone motion palpation; ST, spinal tenderness; T, thoracic spine; L, left; R, right; N, number of subjects.
Prevalence 1A, number of positive findings on the first examination by observer A. Prevalence 2A, number of positive findings on the second examination
by observer A.
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with the reliability of clinical motion palpation of the tho-
racic spine. Hass et al12 found moderate intraobserver reli-
ability and poor interobserver reliability with manual end-
play palpation of the thoracic spine, which corresponds
partially with our figures for strict aggrement, whereas Love
and Brodeur13 found statistically significant agreement for
intraobserver reliability but not for interobserver reliability
when the most hypomobile segment was found. Since they
used a semi-quantitative outcome, namely the position, they
were able to use effect measures other than kappa. Hence, it
is difficult to compare the magnitude of their results with
our binary findings. With regard to tenderness in the tho-
racic region, no studies are available. Focus has been more
on evaluation of palpation in the cervical spine and lumbar
spine, although the thoracic spine is being treated in 40% to
45% of patients entering chiropractic clinics.14

Because observer variation exists with almost every di-
agnostic procedure, the crucial question is not whether it
occurs. The important thing is whether it is sufficiently
small to identify or exclude disease in the individual patient
with reasonable certainty.15 The degree of interobserver
variation with palpation of biomechanic dysfunction is not
larger than that associated with the recording of many
symptoms and clinical signs in medical practice. Interob-
server variation was evaluated in the clinical examination of
pregnant women with pelvic pain. Eight tests with positive
signs in terms of pain had kappa between 0.41 and 0.62.16

Jarlov et al.17 examined the clinical assesment in terms of
observation and palpation of the thyroid gland and found
interobserver variation in terms of kappa between – 0.04
and 0.54. In another clinical field, Gadsbøll et al18 found
kappa 0.53 to 0.73 for the detection of a displaced apex
heart beat compared with kappa 0.00 to 0.16 for palpation of
hepatomegaly in patients with signs of heart failure. In
comparison, Boline et al10 reported kappa coefficients for
strict agreement of interobserver repeatability in the range
of 0.40 to 0.79 for soft tissue pain in the lumbar spine, and
Keating et al.19 found kappa coefficients between 0.10 and
0.59 in the same region. In the neck-shoulder region Le-
voska et al.20 obtained kappa coefficients of 0.15 to 0.62 for
interobserver repeatability.

Clinical Implications
By changing from strict to expanded agreement, we in-

creased the overall rate of agreement. As kappa values com-
pare the observed rate of agreement with the expected rate
under random conditions, and as this expected rate increases,
kappa values do not need to increase when changing from
strict to expanded agreement. However, we always observed
higher kappa values for expanded agreement than for strict
agreement. This might indicate that it is essential for a clini-
cally relevant evaluation of the reproducibility of palpation
techniques to use the wider definition, because we underesti-
mate the reproducibility otherwise. This may explain partially
the unfavorable results of previous studies on reproducibility.

With respect to sitting and prone motion palpation our
results suggest that an experienced observer can achieve
acceptably low hour-to-hour and day-to-day variability after
a training session as long as exact anatomic localization is
less important than the presence or absence of a positive
finding in a certain region (ie, the thoracic spine). In con-
trast, a recent review21 concluded that these examination
procedures appear to have consistently poor agreement in
the lumbar spine.

In addition, our results suggest that after some training, it
is possible to obtain an acceptably low intra- and interob-
server variability with regard to diagnosing spinal tender-
ness in the thoracic spine and to achieve results comparable
to those reported from palpation of other spinal re-
gions.10,20,21 Thus we can conclude that a good reproduc-
ibility among 2 observers with respect to diagnosing spinal
tenderness can be achieved after some training, but that such
training is not sufficient to achieve an acceptable reproduc-
ibility with respect to sitting or prone palpation.

Limitations of the Study
First, the blinding in the hour-to-hour intraobserver part was

not ideal, since the clothing of the subjects was not altered and
because we obviously could not change their voices and other
personal characteristics. This may, in part, explain the higher
kappa values for strict agreement with regard to the hour-to-
hour compared with the day-to-day interobserver agreement
(Table 1). Second, because of the small size of the study
groups, the prevalences of some of the positive findings were
limited, causing less than ideal conditions for the statistical
evaluation, especially for segment specific analyses. Third,
palpation itself has a number of inherent sources of error, some
of which deserve further mention.

It is conceivable that areas that were not painful at the
first examination could become so after a second examina-
tion. This source of error was intended to be the same for
each observer by reversing the order of observers half way
through the examination series. A narrow instead of a wide
contact area of palpation and a higher pressure could, in
theory, produce a positive finding which was negative on
palpation with a wide contact area at a lower finger pressure.
In fact, it has been demonstrated by computerized pressure
algometry on small joints that the pressure rate and the
pressure area are crucial for the patient’s experience of
pain.22 Moreover, exact identification of anatomical land-
marks is difficult and made us use the extended definition of
agreement and correponding kappa values. This phenome-
non may have a greater role in the thoracic spine where
landmarks are limited to the spinous process of the first
thoracic vertebrae than in the lumbar spine with its more
fixed points de repêre (iliac crest, posterior superior iliac
spine, sacrum) or in the cervical spine (occiput). Further,
interpretation of a positive finding is a subjective matter.
Two clinicians may have different thresholds for the detec-
tion of a certain mechanical dysfunction, and even the same
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observer may exhibit different levels from time to time. In
addition, the patient’s own experience of tenderness and of
being examined may vary with the observer (tall or small,
handsome or ugly, male or female) and from time to time.

CONCLUSION

All kappa values for strict agreement were low (�0.50),
whereas when using the more appropriate alternative of
expanded agreement, kappa values indicated good agree-
ment with regard to the hour-to-hour intraobserver reliabil-
ity (with reservation for a less than perfect masking of the
study subjects) and moderate to good agreement for the
day-to-day intraobserver reliability. However, the interob-
server variation was still unacceptably high for prone mo-
tion palpation and sitting motion palpation. With this res-
ervation, we have established a protocol for examination
and reexamination with an acceptably low intraobserver
variation (in terms of hour-to-hour and day-to-day varia-
tion) for prone motion palpation, sitting motion palpation,
and the presence of spinal tenderness.
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APPENDIX

The kappa coefficient tries to adjust raw rates of a agree-
ment for random agreement. The general formula is:

� �
A � EA

1 � EA

where A denotes the rate of agreement and EA the corre-
sponding expected value under the assumption of indepen-
dence. Considering strict agreement at a specific vertebral
segment, formulas for EAk (ie, the expected rate of agree-
ment at segment k is well-known).23 For the expanded
agreement the expected value at segment k is equal to

EAk � p0
1k � p0

2k � p1
1k � p̃1

2k � p1
2k � p̃1

1k � p1
1k � p1

2k with

p0
ik � P� xk � 0 for observer i�

p1
ik � P� xk � 1 for observer i�

p̃1
ik � P� xk�1 � 1 or xk � 1 or xk�1 � 1 for observer i�

with xk denoting the finding at segment k. In the segment
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specific analysis, we have computed a specific EAk which
we obtain by replacing propabilities with the corresponding
relative frequencies. In this case, the kappa coefficient for
expanded agreement is a special case of Cohen’s weighted
kappa.23 For the pooled analysis one computes EA as the

averages of the EAk.
Standard errors are based on Cohen’s formula, using

the number of patients as the sample size. This is a conser-
vative approach taking the dependence among the segments
within a patient into account.

292 Christensen et al Journal of Manipulative and Physiological Therapeutics
Thoracic Spine Palpation June 2002



            Part project II



ORIGINAL ARTICLES

PALPATION FOR MUSCULAR TENDERNESS IN THE

ANTERIOR CHEST WALL: AN OBSERVER RELIABILITY

STUDY

Henrik Wulff Christensen, DC, MD,a Werner Vach, PhD,b Claus Manniche, MD, DMSc,c

Torben Haghfelt, MD, DMSc,d Lisbet Hartvigsen, DC,e and Poul Flemming Høilund-Carlsen, MD, DMScf

ABSTRACT

Objective: To asses the interobserver and intraobserver reliability (in terms of day-to-day and hour-to-hour
reliability) of palpation for muscular tenderness in the anterior chest wall.

Design: A repeated measures designs was used.

Setting: Department of Nuclear Medicine, Odense University Hospital, Denmark.

Participants: Two experienced chiropractors examined 29 patients and 27 subjects in the interobserver part, and 1
of the 2 chiropractors examined 14 patients and 15 subjects in the intraobserver studies.

Intervention: Palpation for muscular tenderness was done in 14 predetermined areas of the anterior chest wall
with all subjects sitting. Each dimension was rated as absent or present for tenderness or pain for each location. All
examinations were carried out according to a standard written procedure.

Results: Based on a pooled analysis of data from palpation of the anterior chest wall, we found � values of 0.22 to
0.31 for the interobserver reliability. For the intraobserver reliability, we found � values of 0.21 to 0.28 for the day-
to-day reliability and 0.44 to 0.49 for the hour-to-hour reliability.

Conclusion: Our results indicated great variations between experienced chiropractors palpating for intercostal
tenderness or tenderness in the minor and major pectoral muscles in a population of patients with and without chest
pain. This may hamper the ability of clinicians to diagnose and classify the musculoskeletal component of chest pain
if based exclusively on palpation of the anterior chest wall. (J Manipulative Physiol Ther 2003;26:469-75)

Key Indexing Terms: Observer Variation; Reliability; Tenderness; Chest Pain

INTRODUCTION

The concept of diagnosing muscular tenderness
with manual palpation is well known within dif-
ferent clinical disciplines such as cardiology,

rheumatology, chiropractic, physical therapy, and manual
medicine.

Several authors have described palpation for muscular
tenderness in the chest wall as a tool to diagnose and
classify patients with different clinical presentations of pain
albeit without a prior evaluation of the method used.1-3

There are no generally accepted biochemical, electro-
myographic, or diagnostic imaging criteria for the diagnosis
of tenderness in muscles. This leaves manual palpation
skills, in conjunction with feedback from the patient, for
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diagnosis and treatment. However, this approach can be
questioned due to lack of validation studies demonstrating
that palpation can reliably identify tenderness, trigger
points, and tender points in soft tissues.

This is a problem not only in clinical trials comparing
groups of patients but also in the routine evaluation of
individual patients in clinical practice. In both settings,
knowledge of the reliability of manual palpation as a diag-
nostic tool is crucial.

An upcoming clinical trial examining the role of muscu-
loskeletal components in patients with stable angina pecto-
ris required the selection and testing of the relevant manual
palpation procedures. In a previous work,4 we tested 3 types
of manual palpation of the posterior chest wall: seated and
prone motion palpation for biomechanical dysfunction and
paraspinal palpation for tenderness. We found good inter-
observer reliability for left and right paraspinal tenderness
(� � 0.67 and 0.70) but not for prone and sitting motion
palpation (� � 0.22 and 0.24). Further, there was good
day-to-day and hour-to-hour intraobserver reliability with
all 3 procedures (� � 0.59-0.77). The current article ad-
dresses the continuation of this work, namely the testing of
manual palpation of the anterior chest wall.

Since no gold standard exists for the finding and grading
of chest wall tenderness, we were unable to examine the
accuracy (agreement with truth)5 of the chosen palpation
approach. We could, however, study different aspects of
observer reliability. The aim was to test the interobserver
reliability and the intraobserver reliability (in terms of day-
to-day and hour-to-hour reliability) with palpation of 14
predetermined points used to diagnose pectoralis and inter-
costal myosis of the anterior chest wall in patients with and
without angina pectoris.

METHODS

Study Population
The study population has been thoroughly described in a

previous publication.4 In short, 85 subjects took part in the
present study. Of these, 43 were patients referred consecu-
tively for coronary angiography because of known or sus-
pected stable angina pectoris. The remaining 42 were con-
trol subjects without symptoms and signs of heart disease,
all of whom had a normal resting electrocardiogram and no
chest pain. Twenty-nine patients and 27 controls, respec-
tively, were enrolled in the interobserver reliability protocol
(of these, 12 patients and 15 controls took part in the
hour-to-hour intraobserver protocol), and 14 patients and 15
controls participated in the day-to-day intraobserver proto-
col.

The local ethics committee approved the project and all
subjects gave oral and written informed consent.

Design
Two experienced chiropractors (observers A and B) car-

ried out the interobserver part of the study and observer A

undertook the intraobserver parts. The examination proce-
dures were thoroughly practiced between the examiners in a
4-hour training session, followed by a small pilot series
including 8 patients. A third person without knowledge of
the clinical findings instructed the subjects on the day of the
examination about the protocol and recorded their demo-
graphics. Each observer was blind to the subjects’ charac-
teristics and to the findings of the other observer. Similarly,
the subjects were blind to the findings of the 2 observers.

The complete interobserver and intraobserver studies
were done within 10 days. So, observer A saw 14 to 22
subjects on a single day, and observer B examined 5 to 8
subjects plus 15 to 20 private patients in her clinic on a
single day. In the interobserver part, one half of the patients
were examined first by observer A, while the other half were
examined first by observer B. It was determined by random
numbers which observer was the first to palpate.

In the day-to-day part, all subjects were examined at the
same hour on 2 consecutive days. In the hour-to-hour in-
traobserver part, all subjects were reexamined in random
order within an interval of 1.5 to 2 hours. In both intraob-
server parts, a balaclava helmet covered the heads of the
subjects at the repeat examination in an attempt to keep the
observer blinded to the subjects’ identities.

Examination Protocol
Manual palpation was performed on 14 points of the

anterior chest wall (Fig 1). The pectoralis major points
(PeMa) were located at the anterior axillary line 3 cm caudal
to the clavicles (Fig 1, points 1 and 8). The pectoralis minor
points (PeMi) were located at the medioclavicular lines just
caudal to the clavicles (Fig 1, points 2 and 9). Points 3
through 7 and 10 through 14 were located lateral to the
sternum at the intercostal space between II/III to VI/VII, on
each side of the anterior chest wall.

The palpation findings were rated as 0 � absence of
abnormality, 1 � presence of tenderness, and 2 � presence
of severe tenderness (pain). In our analysis; we do not
distinguish between ratings 1 and 2 (ie, we regard both
values just as a positive finding). All examinations were
carried out according to a standard written procedure. The
subjects were seated on a chair with arms down along their
sides. The anterior chest wall was examined prior to the
thoracic spine and the paraspinal region.4 A flat digital
index contact with a standardized pressure was used for
manual palpation.

Agreement Definition
We decided that agreement with regard to the localization

of tenderness was present if it was reproduced on the second
occasion in exactly the same location. Hence, we regarded
2 decisions as disagreeing, if 1 observer recorded a positive
finding in a certain segment and the other observer recorded
a negative finding at the same location.
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In the previous study, focusing on the thoracic spine and
the paraspinal region, we introduced the concept of “ex-
panded agreement,” acknowledging that in the clinical ex-
perience the location of a positive finding may easily vary
by 1 spinal segment.4 However, when it comes to palpation
of the anterior chest wall, we did not expect the same
topographic uncertainty among observers in locating a pre-
cise anatomic point. Hence, in the present study, we did not
use the concept of expanded agreement.

Statistical Analysis
The prevalence of a positive finding was computed for

anterior chest wall tenderness. Interobserver and intraob-
server reliabilities were assessed by agreement rates and
corresponding � values. The interobserver and intraobserver
reliabilities were analyzed separately with respect to each of
the 14 predetermined points of the anterior chest wall. For
all locations, we calculated the relative frequency of agree-
ment (ie, sum of positive and negative findings), which the
2 observers agreed on, expressed as a fraction of the total
possible number of findings. Additionally, data were pooled
from comparable points4 to consider the overall rate of
agreement, and analysis was performed in a similar fashion.
In doing this, we considered points 1, 2, 8, and 9 as com-
parable, as well as locations 3 through 7 and 10 through 14.

Kappa coefficients were computed and standard errors
were based on Cohen’s formula, using the number of pa-
tients as the sample size.4 This is a conservative approach,
taking the dependence among the points within a patient
into account. For the interpretation, we referred to the 5
arbitrary categories proposed by Landis and Koch6: poor �
0.20, fair 0.21 to 0.40, moderate 0.41 to 0.60, good 0.61 to
0.80, and very good agreement 0.81 to 1.00. Acceptable
reproducibility (ie, clinically important agreement) was de-
fined arbitrarily a priori as a � value � 0.50.

For the statistical analyses, we used STATA (Stata Corp,
College Station, Tex) version 6.0 program package.7 A
binary response was used in the analysis: 0 � absence of
tenderness, 1 � presence of tenderness.

RESULTS

Table 1 shows data for the interobserver reliability with
palpation of the 14 points on the anterior chest wall for
tenderness. Thus, it displays the prevalences of the positive
findings made by observers A and B, the relative frequen-
cies of agreement, and the corresponding � values. The
day-to-day intraobserver reliability and the hour-to-hour
intraobserver reliability data are listed in Tables 2 and 3,
respectively. In Table 4, a pooled analysis is shown for
comparable points of the 3 kinds of observer reliability.

DISCUSSION

Procedures for manual palpation of the anterior chest wall
are used in the daily clinical routine of many specialties as
a diagnostic tool to classify a possible muscular component

Fig 1. Location of the 14 palpation points of the anterior chest
wall.

Table 1. Interobserver reliability

Location

Prevalences of positive
findings Agreement

Observer
A1

Observer
B1

Relative
frequency Kappa

1 Right 20 39 0.61 0.19
2 24 37 0.66 0.24
3 21 26 0.70 0.19
4 17 20 0.73 0.29
5 15 18 0.77 0.38
6 14 17 0.73 0.23
7 15 20 0.73 0.36
8 Left 19 38 0.55 0.13
9 22 40 0.64 0.29

10 16 27 0.70 0.27
11 18 18 0.64 0.03
12 16 15 0.80 0.44
13 11 18 0.80 0.46
14 11 21 0.68 0.24

Results obtained in 56 study subjects (29 patients � 27 controls).
Prevalences are given as absolute numbers, agreement rates, and kappa
values based on interobserver data from examination of the anterior chest
wall (14 predetermined points).
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of chest pain. Although it would be optimal to ascertain the
accuracy of these procedures, we were unable to do so
because of the lack of an infallible reference procedure.
Hence, we could estimate only the reliability or reproduc-
ibility of such a procedure (ie, the ability of an observer to
agree with himself or with another observer).8

As we deal with comparable biological changes in dif-
ferent locations of the anterior chest wall, we can, in addi-

tion, expect that the reliability of palpation does not vary
much among the predetermined points of this region, even
if the prevalences of the positive findings may vary. Hence,
it seems justified to pool4 the data from comparable points
and to consider the overall rate of agreement, counting
overall subjects and all points.

In the interobserver part of the present study, observer B
constantly reported higher prevalences of positive findings
than observer A (Table 1). This systematic difference be-
tween observers indicated a different clinical threshold be-
tween these examiners, which may not be surprising but
may be difficult to explain. One reason may be that observer
B (a female) was more susceptible to the subjects’ reactions
than observer A (a male). Observer B may have created a
higher palpation pressure per square millimeter than ob-
server A due to a smaller index contact area. Observer B
may have been more aware of other (palpation unrelated)
information indicating muscular tenderness. These factors
alone would make perfect agreement impossible. Similarly,
in the intraobserver part, observer A, in general, reported
higher prevalences on the second occasion with both the
hour-to-hour and the day-to-day reexaminations (Tables 2
and 3). This may have been a result of a “carryover effect,”
in that increased local irritation as a result of the initial
palpation was still present at reexamination. Alternatively, it
is possible that higher finger pressure on the second occa-
sion was exerted because the examiner was more consider-
ate on the first contact with the subjects to not produce pain
on palpation.

The relative frequencies of agreement had somewhat
lower values for the interobserver part (0.62 and 0.73) than
for the intraobserver parts (0.72 and 0.81 and 0.76 and 0.82)
(Table 4), indicating, as expected, that an observer can
better reproduce his own findings than those of another
observer. The change in time interval from hour-to-hour to
1 day did not affect the relative frequencies for the same
observer. These figures apparently indicated a relatively
good agreement even between and within observers. How-
ever, the relative frequencies include the unavoidable
amount of agreement between the examiners caused by
chance, even if they were guessing. Kappa statistics correct
for this and yielded much lower values (Table 4), indicating
considerable disagreement between and within observers.
The � values for the hour-to-hour intraobserver reliability
were higher than the day-to-day values and more close to
the proposed lower limit of acceptable agreement
(� � 0.50). Unfortunately, this points to a larger degree of
bias in the shape of insufficient blinding when palpation is
repeated within a short (hours) compared to a larger time
interval (days) or to considerable biological variation with
time, or both.

Whatever the reason, all the � values were below 0.50
(Table 4), which, in practice, indicate poor agreement, al-
though, of course, interpretation must depend on circum-
stances. Differences between examiners in terms of inter-

Table 2. Day-to-day intraobserver reliability

Location

Prevalences of positive
findings Agreement

Prevalence
A1

Prevalence
A2

Relative
frequency Kappa

1 Right 6 14 0.66 0.26
2 9 13 0.72 0.35
3 6 11 0.55 �0.10
4 7 7 0.86 0.53
5 5 4 0.83 0.26
6 5 3 0.79 0.05
7 4 3 0.90 0.50
8 Left 7 8 0.83 0.50
9 7 8 0.69 0.09

10 4 10 0.79 0.45
11 2 5 0.76 �0.20
12 2 2 0.93 0.42
13 4 2 0.79 �0.17
14 1 1 0.93 0.00

Analysis was based on 29 subjects (14 patients � 15 controls). Preva-
lences are given as absolute numbers, agreement rates, and kappa values
based on day-to-day intraobserver data from examination of the anterior
chest wall (14 predetermined points).

Table 3. Hour-to-hour intraobserver reliability

Location

Prevalences of positive
findings Agreement

Observer
A1

Observer
A2

Relative
frequency Kappa

1 Right 7 12 0.74 0.41
2 11 14 0.74 0.43
3 11 12 0.74 0.38
4 9 10 0.74 0.38
5 7 6 0.81 0.41
6 4 4 0.93 0.76
7 5 4 0.96 0.88
8 Left 8 10 0.85 0.61
9 11 13 0.70 0.32

10 9 11 0.70 0.25
11 10 9 0.67 0.13
12 7 5 0.78 0.29
13 4 5 0.96 0.86
14 5 5 0.93 0.77

Results from 27 subjects (12 patients � 15 controls). Prevalences are
given as absolute numbers, agreement rates, and kappa values based on
hour-to-hour intraobserver data from examination of the anterior chest wall
(14 predetermined points).
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pretation and fingers size and pressure applied may play a
considerable role. To compensate for this, different palpa-
tion instrumentations, including algometry9 and palpom-
etry,10 have been proposed in attempts to make palpation
more objective and repeatable. The former method detects
the individual mechanical pain threshold, whereas the latter
examines whether or not a given region is tender to palpa-
tion with fixed pressure intensity. However, none of these
procedures have been used for anterior chest wall palpation.

Together, our previous study4 examining the thoracic
spine and the paraspinal region and the present study on the
anterior chest wall demonstrate that despite exactly the
same amount of training period of manual palpation proce-
dures and the same number of trial patients, there are
differences between the 2 regions in terms of manual pal-
pation reliability. Our 2 studies give no obvious explanation
for this finding.

Several authors have introduced palpation for tenderness
in the anterior chest wall to categorize and classify patients
with stable angina pectoris or nonanginal chest pain,1-3

despite the fact that the literature lacks reports on the
reliability of manual palpation for tenderness in this region
of the body.

Table 5 summarizes a number of studies which have
looked at manual palpation of soft tissue. Hubka and
Phelan11 reported good interexaminer reliability (� � 0.68)
for locating the most tender of 7 points on each of the
paraspinal areas of the cervical region. However, their
method was not comparable to our approach, because we
examined the tenderness of all our predetermined points and
not only the most tender ones. Levoska et al,12 on the other
hand, studied manual palpation of tender points in the neck
and shoulder region and graded the response as tender/not
tender. They found poor to moderate intraexaminer reliabil-
ity (� � 0.13-0.47) and poor to good interexaminer reliabil-

ity (� � 0.15-0.62). Keating et al13 studied soft tissue
tenderness in the paraspinal lumbar region and found mar-
ginal interexaminer reliability (� � 0.30) and good reliabil-
ity for osseous tenderness (� � 0.48). In the same region,
McCombe et al14 obtained only poor to fair interexaminer
reliability for paraspinal tenderness (� � 0.11-0.38). How-
ever, since they did not describe their palpation procedure,
comparison with their study is impossible. Similar � values
have been found by others,15,16 but more than half of all
studies do not report prevalences of abnormality, which
renders interpretation difficult, since the � value depends
heavily on prevalence.

The reliability of manual palpation of muscles for trigger
points has been examined in several studies. Travel and
Simons17 describe the clinical features of trigger points to
include: (1) a cord-like taut muscle band containing discrete
nodules; (2) a history of focal tenderness; (3) a local twitch
response and/or a spontaneous exclamation of pain by the
patient; and, finally, (4) a referred pain pattern.

In a study by Wolfe et al,18 8 different muscles of the
upper body were studied for all 5 clinical features of trigger
points in 8 patients. From data in this study, a � value of
0.61 can be calculated for interrater reliability with respect
to focal tenderness. Njoo and Van der Does19 had 12 ex-
aminers examine 3 sites in the thoracolumbar paraspinal
muscles of 50 patients, resulting in a � value of 0.66 for
interrater reliability of focal tenderness. Finally, Gerwin et
al20 found interrater reliability with a � of 0.71 for focal
tenderness in 3 muscles of the upper body. All 3 studies
used more than 2 observers and the � value for many
observers compared to our 2 observers.

The reliability of palpation for tender points in fibromy-
algia has been studied to some extent, yielding � values for
intraexaminer reliability on 18 different locations of the

Table 4. Prevalences, agreement rates, kappa values, and standard errors (SE) obtained by pooled analysis of interobserver, day-to-
day intraobserver, and hour-to-hour intraobserver data

Point

Prevalences of positive findings Agreement

SE
Observer

A1
Observer
A2 or B1

Relative
frequency Kappa

Interobserver data (A1/B1)
PeMa � PeMi (N � 224) 85 154 0.62 0.22 0.13 (�0.04-0.48)
Intercostal (N � 560) 154 200 0.73 0.31 0.15 (0.01-0.61)

Day-to-day intraobserver data (A1/A2)
PeMa � PeMi (N � 108) 29 43 0.72 0.28 0.21 (�0.14-0.70)
Intercostal (N � 270) 40 48 0.81 0.21 0.30 (�0.38-0.80)

Hour-to-hour intraobserver data (A1/A2)
PeMa � PeMi (N � 116) 37 49 0.76 0.44 0.19 (0.06-0.82)
Intercostal (N � 290) 71 71 0.82 0.49 0.21 (0.08-0.90)

PeMa � PeMi muscles (points 1, 2, 8, and 9), intercostal muscles (point, 3 through 7 and 10 through 14).
N � total amount of possible positive and negative findings.
95% CI given in parentheses.
SE, Standard error.
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skeleton, ranging from 0.31 to 0.71.21 Interexaminer reli-
ability has not been evaluated.

Limitations
As already pointed out, there are several limitations in

a reproducibility study, such as the present one. Many of
these have been addressed previously and above.4,22,23

Our results may have been influenced by several other
factors: the inability to completely blind the observers,
the limited numbers of observers, and the relatively few
study subjects (but data was pooled to reduce this limi-
tation). Both examiners were equally experienced with �
10 years of chiropractic practice; therefore, the study tells
nothing about the palpation skills of inexperienced chi-
ropractors.

Clinical Implications
The actual presence of tenderness of muscles in the chest

wall is unknown, and its role as a source of nociception in
patients with chest pain is poorly understood. The preva-
lence of tenderness in patients with chest pain remains
uncertain, until objective and more repeatable manual pal-
pation methods become available. At present, a physician’s
finding of tenderness in the chest wall of a patient with
suspected angina pectoris but without a definite cardiac
diagnosis is often regarded as a sign of intercostal myosis or
myosis of the pectoralis muscles, indicating a musculoskel-
etal reason for the chest pain (T. Haghfelt, oral communi-

cation, February 2002). Our results question this line of
deduction and call for more precise and reliable ways of
establishing the diagnosis of pectoralis and intercostal my-
osis. However, we studied palpation only and, therefore,
cannot exclude the possibility that a stepwise workup, in-
cluding several relevant items like case history and addi-
tional clinical examination and palpation prior to palpation
of the anterior chest wall, might lead to a clinically more
useful result.

CONCLUSION

We undertook this study to examine if palpation for
tenderness in the anterior chest wall can be used as a reliable
method to categorize and classify patients’ chest pain in a
coming clinical trial.

All � values were below the arbitrarily chosen limit of
0.50 for acceptable agreement, indicating great variations
between experienced chiropractors palpating for intercostal
tenderness or tenderness in the minor and major pectoral
muscles in subjects with and without chest pain. These
findings question the ability of clinicians to reliably diag-
nose chest pain from pectoralis and intercostal myosis if
based solely on manual palpation.
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Abstract

Objective To investigate the decision making process of an experienced chiropractor in diagnosing
non-cardiac musculoskeletal chest pain in the shape of cervico-thoracic angina (CTA) in patients
with stable angina pectoris (AP), based on patient history and clinical examination. Secondly, to
examine the possibility of obtaining an objective diagnostic rule tool for the identification of CTA
and, finally, to validate the diagnosis of CTA.

Design Non-randomised prospective trial.

Setting Tertiary hospital.

Participants A total of 516 out of 972 consecutive patients referred for coronary angiography
because of known or suspected AP were asked to participate in the study. Of these, 275 gave
informed consent to a standardized manual examination of their spine and thorax.

Main outcome measure The main outcome was the diagnoses of an experienced chiropractor on
CTA patients. Myocardial perfusion imaging and coronary angiography were used for validation. A
set of candidate variables from patient history and clinical examination was tested for their role in
the decision making.

Results Eighteen percent of the patients were diagnosed with CTA. Eighty percent of these had a
normal myocardial perfusion compared to 50% of CTA negative patients. The main determinants of
the decision process could be identified.

Conclusion This study demonstrated that an experienced chiropractor could identify a subset of AP
patients as suffering from CTA. Systematic manual palpation of the spine and thorax could be used
as part of the clinical examination together with basic cardiological variables to screen patients with
chest pain allowing for improvements in referral patterns for specialist opinion or angiography.
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Introduction

According to current guidelines, angina pectoris (AP) is “a clinical syndrome characterized by
discomfort in the chest, jaw, shoulder, back or arm. It is typically aggravated by exertion or
emotional stress and relieved by rest or nitroglycerin”.1 The term ”angina pectoris” is usually
confined to cases in whom the syndrome can be attributed to myocardial ischaemia, although
essentially similar symptoms can be caused of disorders by the esophagus, lungs or musculoskeletal
system.2 Reports suggest that about 50% of patients with chest pain and a negative coronary
angiography (CAG) have esophageal reflux or motility disorder,3 and that 60% have evidence of
breathing disorders and/or psychological abnormalities.4-6

Chest wall tenderness has been observed in 69% of patients undergoing CAG.7 However, due
to overlap of possible causes and lack of a generally accepted examination protocol, the diagnosis
of musculoskeletal chest pain can be difficult to establish as can the concept of cause and effect
when searching for an explanation of chest pain.8;9 Our group has previously reported on a
standardized clinical examination protocol, including palpation of the cervical and thoracic spine,
the chest wall and thoracic paraspinal area, to assist in reaching a diagnosis of noncardiac chest pain
originating from the musculoskeletal system.10;11 Up to 30% of all patients catheterized for the
investigation of chest pain have normal coronary anatomy.3 about three quarters of the patients
continue to suffer from residual chest pain with large socio-economic consequences.3;12-15

Therefore, a search should be made for an alternative cause with related possibilities of treatment.
In the present investigation, this protocol together with a detailed case history was applied by an
experienced chiropractor in patients with stable AP to diagnose “cervico-thoracic angina” (CTA),
i.e., chest discomfort originating from the cervical spine and the thorax. The aim was to investigate
the decision making process of the chiropractor and to identify the most important determinants
from the patient history and clinical examination. Additionally, we investigated the possibility of
obtaining an objective and diagnostic rule tool for early identification of CTA in the clinical setting.
Finally, we tested the validity of the chiropractor’s diagnosis.

Methods

Study population
This study was conducted as a substudy of the Myocardial Ischemic Logistic Evaluation Study
(MILES) project16, the objective of which was to compare the results of myocardial perfusion
imaging (MPI) and CAG in a prospective series of patients referred to a tertiary hospital for CAG
because of known or suspected stable AP. A total of 516 out of 972 consecutive patients
participated in the MILES study. This initial selection was made from the referral letter based on
predetermined exclusion criteria ensuring a fairly well-defined population without too many
concurrent diseases. Important exclusion criteria were age >75 years, diabetes mellitus, accelerated
catheterisation, recent acute myocardial infarction, and ischemic heart disease already known to the
cardiology department. All patients in the MILES study were interviewed and invited to participate
in the present study, which was approved by the local ethics committee. Of the 516 patients
approached, 275 patients were included upon written consent. Patients who gave no written consent,
had lack of compliance, previous thoracic surgery, no selfreported chest pain, inflammatory joint
disease, malignant disease, apoplexia and others were excluded from participating. As a result, 241
patients, met one or more exclusion criteria, and were not included in this study (table 1). Baseline
characteristics of the CTA population are shown in table 2.
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Patient evaluation
Each patient underwent the following procedures on a single day: 1) completion of questionnaires
on health history, quality of life, and chest discomfort and 2) interrogation and physical examination
by a single physician. Patients were classified by the physician into three types of chest pain: typical
angina, atypical angina, or non-cardiac chest pain in accordance with the Danish guidelines17 and
Diamond et al.18 The physician also classified patients’ chest pain into four classes of severity
according to the criteria given by the Canadian Cardiovascular Society (CCS).19 Consistent with the
MILES study, MPI was carried out in all patients on the same day as the clinical examination, and
CAG was undertaken in 262 patients within 6 months after MPI. The results of MPI were not
communicated.

Questionnaires
All patients were given two sets of questionnaires by a laboratory technician not participating in the
study: 1) The SF-36 quality of life questionnaire20 and 2) a questionnaire with intensity grading on a
11 point box scale21 of chest pain, thoracic spine pain, cervical spine pain and shoulder arm pain.
The questionnaires were filled out prior to the interview and physical examination and returned to
the laboratory technician.

Physical examination
An experienced chiropractor (HWC), interviewed all patients using structured questionnaires
throughout the study. The standardized examination protocol for the cervical spine and thorax was
carried out as previously described. 10;11 The following procedures were performed: 1) Sitting
motion palpation (MP) for endplay restriction at segments C4-T8 of the cervical and thoracic spine;
2) Sitting palpation for tenderness of the anterior chest wall; 3) Prone MP for joint play restriction
at segments T1-T8 of the spine; 4) Prone paraspinal palpation for tenderness at segments T1-T8.

Myocardial perfusion imaging
Single photon emission computed tomographic imaging was performed using a same-day rest
thallium-201/stress technetium-99m sestamibi dual-isotope protocol initially introduced by Berman
et al.22 and adopted by our group as previously described for a two-day protocol23. Standard
procedures for image interpretation included review of all scans by two experienced observers who
were blinded to all other data including the result of CAG. Final segmental and overall image
interpretation was achieved by consensus. Defects that were present at rest and remained unchanged
during stress were considered as fixed. The appearance of new or worsening defects following
stress were considered to be defect reversibility. The segmental scoring system used for this
analysis included documentation of infarct (i.e. fixed defects) or ischemia (i.e. reversible or partially
reversible defects) in the three main vascular territories.

Coronary angiography
Selective coronary angiography was performed according to Judgkin using standard techniques in
multiple views. For the purpose of this study, significant coronary stenoses were those with ≥ 50%
luminal diameter narrowing of an epicardial coronary artery.

Clinical decision making
The chiropractor was blind to the results of MPI and CAG. The case history and clinical
examination were the basis for a decision made on the examination day of whether the patients were
CTA positive or CTA negative.
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Data analysis
Prior to analysis of the clinical data, we selected a number of candidate variables (table 3) which we
hypothesized as relevant for making the decision of CTA positivity. These variables were chosen
from the case history questionnaire, the questionnaire on selfreported pain, and from interrogation
and clinical examination including palpation findings.
The first step of the analysis was to compare the frequency of these variables in CTA positive and
CTA negative patients. However, since many of the variables are correlated it is difficult to judge
the role of each single variable in the decision process. Additionally, variables that had an influence
on the clinical decision in certain subgroups did not necessarily have a high discriminative power in
the whole population. To obtain further insight into the decision process, we, hence, tried to
reconstruct the clinical decision process by selecting serially variables with nearly unique
discriminating power in the sense that they allowed us to define a subgroup with almost exclusively
CTA positive or CTA negative diagnoses. In the absence of such variables we selected those
variables with maximal discriminative power in the sense of a minimal p-value and combined them
into risk scores to define according to subgroups.

Descriptive statistics were applied to summarize characteristics at baseline for each group,
using percentages for discrete variables and means and standard deviations for continuous variables.
Fisher’s exact test was used for comparing binary or categorical variables and the Mann-Whitney
test for ordinal or continuous variables in two independent samples applying the statistical package
SPSS for windows, version XI. Odds ratios (OR) were used to quantify associations. We used a 5%
significance level throughout.

Results

Eighteen percent of patients (n=50) had CTA. The CTA positive patients were significantly
younger, had lower blood pressure, were more often referred from general practice than from local
hospitals, and received less medication than the CTA negative patients (table 2). Eighty per cent
(n=40) of CTA positives had a normal MPI compared to 50% of CTA negative patients (p<
0.001). Among CTA positive patients, half (n=5) of those with abnormal perfusion had fixed
defects in contrast to 18% (n=20) in the CTA negative group (p=0.031). Correspondingly, 91%
(n=40) of CTA positives and only 52% (n=115) of CTA negative patients were without significant
coronary artery disease (p<0.001 )(table 2).

Pain characteristics
The different types of pain appeared with similar frequencies in the two groups, except for sharp
pain, which was more frequent among the CTA positive patients, who had had their symptoms for a
shorter time and with less frequent attacks of longer duration. Provoking and relieving factors were
rare in both groups except for physical activity, rest, psychic stress and nitroglycerin. Physical
activity as provoking factor was significantly less frequent in the CTA positive group (table 4). And
noncardiac chest pain and atypical AP was significantly more frequent in the CTA positive group
(table 5). There was a significant trend for a generally higher CCS class in the CTA negative group
(p<0.001). Conversely, CTA positive patients suffered more often from neck pain (p < 0.001),
thoracic spine pain (p<0.001), and shoulder arm pain (p=0.041) (table 5). No differences were
found with respect to the pain intensities.

Palpation findings
Chest wall tenderness, paraspinal tenderness, end-play and joint-play MP restrictions were
significantly more frequent among CTA positive patients (table 5). In fig 2, odds ratios are given for
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specific segmental restrictions of the spinal column examined by end-play and joint-play MP. We
observed a tendency for higher ORs around segments T5 and T6 (3.60 – 6.94) compared with the
other thoracic segments (0.79 – 3.09). Segments C5 to C7 also had higher ORs.

Reconstruction of the clinical decision process
The first variable identified was a restriction at joint-play MP because this is a prerequisite for a
musculoskeletal cause. All 50 CTA positive patients were found among the 90 subjects who had a
positive finding with joint-play MP (fig 1), all of whom had also a restriction at end-play MP (table
5). Among these 90 patients, noncardiac chest pain defined a subgroup of 18 patients, 17 of which
were CTA positive. In the remaining 72 patients, none of the candidate variables were able to define
a subgroup with almost entirely CTA positive or CTA negative patients. Twenty-seven variables
were at least slightly associated with the diagnosis of CTA, 19 of these with a p-value <5%. Highest
significance was found for a) grade of angina (CCS)(p=000018), b) presence of neck pain
(p=0.000048), c) type of angina (p=0.00020), d) four palpation findings (p=0.00064), e) spinal
tenderness (p=0.0013). Because type and grade of angina were highly associated as were spinal
tenderness and the number of positive palpation findings, it was not possible to analyse their joint
effect.  However, selecting any triple of variables from a or c, d and e or b, and analysing their joint
effect in a linear logistic model, we found that they all contributed significantly to the diagnosis. If
we used the combined presence of three such factors (i.e., presence of neck pain + lowest CCS
grade + four palpation findings, see score 1 in fig 1) to define a risk score, we found that none of the
seven patients without any of these factors were CTA positive, that two out of 21 with only one
factor were CTA positive, 12 out of 23 with two, and 19 out of 21 with all three of these factors
were positive. Adding other factors to the aforementioned three factors in the logistic regression
model one by one, the following factors showed a significant additional effect: diffuse chest pain
(p=0.04), number of chest pain attacks (p=0.036), end-play MP T5/6 (p=0.028), joint-play MP T5/6
(p=0.010), joint-play MP T6/7 (p=0.014). However, a score based on all eight variables did not
improve the discrimination.

Looking at the subgroup of 23 subjects with two of the three factors being positive we found
four variables with a significant association and one with borderline significance: 1) chest pain
described as sharp (p=0.035), 2) chest pain relieved by rest (p=0.049), 3) end-play MP T4/5
(p=0.062), 4) end-play MP T5/6 (p=0.016), and finally 5) joint-play MP T5/6 (p=0.035). Using
these 5 factors to define a new score (score 2) we saw that absence of all defined the CTA negative
decision and presence of three of five factors were enough to diagnose CTA positivity. Remaining
were 12 patients with presence of one or two of these factors. However, in these 12 patients, we
could still find borderline significant or significant associations: thoracic spine pain (p=0.079), neck
pain (p=0.079), shoulder arm pain (p=0.079), physical activity aggravates (p=0.038), marital
relation (p=0.067), typical angina (p=0.023), CCS 1 (p=0.023), beta-adrenergic blocker medication
(p=0.079) and, finally, joint-play MP T2/3 (p=0.004). The last one allowed a nearly definite split:
Presence of this variable indicated CTA positivity in seven out of eight patients, absence indicated
CTA negativity in four of four (fig 1).
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Discussion

This appears to be the first study to systematically examine the combination of case history and
palpation findings as a tool for identifying musculoskeletal causes of chest pain. In our sample of
stable AP patients, this approach resulted in a separation of nearly 1/5 patients with suspected non-
cardiac musculoskeletal chest pain (CTA positives) and 4/5 (CTA negatives) more prone to have
either AP, i.e., angina caused by myocardial ischemia, or chest discomfort due to other reasons
(table 2). Separation could not be achieved by the use of single items from case history and clinical
examination alone. By combining different items in a decision tree, we could nearly reconstruct the
decision process illustrating the complexity of this kind of daily clinical practice (fig 1).
The presence of chest pain was the same in the two groups with expected differences concerning
type and severity of AP. More neck, thoracic, and, shoulder arm pain was found in the CTA
positive group. Pain intensity seemed to have no discriminative power. Also, distinction could not
be made from symptoms (pain on movement, deep breath, coughing pain) often regarded as
characteristic for musculoskeletal chest pain.24;25 Chest pain precipitated by physical activity,
lasting less than 10 minutes and relieved by rest and nitroglycerin were found more common in the
CTA negative group. Accordingly, this group received more heart medication. Reconstruction of
the decision process suggested that joint-play and end-play MP findings together with traditional
clinical classification of chest discomfort played a major role in the decision making process.
Among the candidate variables, the CCS class had a high discriminatory power for diagnosing CTA
positivity (p=0.000018). When patients were classified according to type of AP variables like
medication or thoracic spine pain had little relevance. Significantly more patients in the CTA
positive group were referred from general practice suggesting that a systematic manual palpation
program might be useful for the GP as a screening tool in these patients. MPI categorized the
population into those with normal and those with abnormal myocardial perfusion (table 2). Eighty
percent of the CTA positive population had normal perfusion compared to 50% in the CTA
negative group. The 20% of CTA positives with a perfusion abnormality were not necessarily
misclassified, but might have had two diagnoses at the same time. Two of these 10 patients had
indeed typical angina of CCS class 2 in spite of the CTA positive diagnosis. Five other patients had
irreversible ischemia possibly caused by previous undetected myocardial infarction. The fact that as
many as half of the CTA negative group had normal perfusion may indicate a conservative
chiropractic diagnosis making or that reasons other than ischemic heart disease and musculoskeletal
disorders may account for a sizable fraction of patients suffering from chest pain.3;6;9;26 Similar
relationships were found when patients were stratified according to catheterisation results (table 2).
Most previous studies were retrospective, often focusing on patients with a normal CAG.7;27 In an
open study in patients with suspected AP but normal CAG, Wise et al. applied limited palpation
manoeuvres on the spine and chest wall and found that 69 of 100 patients had chest wall tenderness
compared to 0 of 25 control patients with arthritis and no chest pain.7 Frobert et al. did a blinded
consecutive study on patients with AP and normal CAG and found that patients had significantly
more complaints of pain from the neck, chest, and thoracic spine, together with more pain radiating
to the arms than control individuals. Physical examination showed abnormal findings more
frequently in patients localized to the anterior and posterior chest wall, spinal levels T1-T6, and the
muscles of the neck and shoulder girdle.27 One prospective study compared positive palpation
findings of chest wall tenderness in patients with normal CAG and abnormal CAG and found no
difference among the two groups.28 None of these observations are directly comparable to our
results, but they support the view that musculoskeletal disorders are common in patients with chest
pain.
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Clinical decision making
Today there exists no operational definition of chest pain originating from the musculoskeletal
system. It has been suggested that the clinician rely on case history and aberrant movement of the
thoracic spine to make a diagnosis, sometimes referred to as “the thoracic facet syndrome”.25;29;30

Apart from this, recognized textbooks state that among several differential diagnoses
musculoskeletal disorders may also account for conditions like “dysfunction of the thoracic spine”,
“intercostal myoses” and “myositis”, without providing a satisfactory explanation for their existence
and thumb rules for their detection.1;25

Tables 4 and 5 show the discriminative power of different variables in distinguishing CTA
positive from CTA negative patients. Since many of these variables were correlated it was difficult
to judge the role of each single variable. Additionally, variables that had an influence on the clinical
decision in certain subgroups did not necessarily have a high discriminative power in all groups.
Therefore, we reconstructed a decision tree, which, if simple and sufficiently accurate, might
become useful outside the field of chiropractic. For the 6 patients violating our decision model we
identified some potential reasons. One patient was classified CTA negative despite non-cardiac
chest pain classification. The patient did not report cervical or thoracic spine pain within the last 14
days, suggesting that our time window for CTA positivity might have been too narrow. Two CTA
positive patients had only one of three factors in score 1. However, both had thoracic spine pain and
restriction at joint-play and end-play MP evaluation indicating two competing conditions, ischemic
heart disease and a musculoskeletal disorder. Two CTA negative patients had a score 1 value of 3.
One had a gastrointestinal disorder, and the other patient reported daily and constant pain – which
makes a musculoskeletal diagnosis unlikely. Lastly, one CTA negative patient with T2/T3 specific
joint-play MP restriction had convincing cardiac symptoms (moderate dyspnoea, CCS 2, and typical
AP) which spoke against classifying the patient as CTA positive.

Limitations
Our data did not apply to patients with recent onset of pain, whose symptoms may be more atypical.
The present population was selected for catheterisation at a university hospital and, consequently,
the discriminative value of certain criteria could be different in a wider clinical setting including
those types of patients we excluded. Also, we did not consider other potential causes of chest pain,
and, therefore, could not allege CTA positivity to be the sole cause of chest discomfort in patients
without perfusion abnormalities or coronary stenoses. However, we were able to identify a few
candidate variables which, when added to certain palpation findings, identified almost all CTA
positive patients. In order to test to what degree patients can benefit from a positive CTA diagnosis
all positive patients were offered chiropractic treatment, the result of which shall be published
elsewhere.

Conclusion

The results of this study suggest that an experienced chiropractor can fairly convincingly identify a
subset of angina pectoris patients as suffering from CTA. Systematic manual palpation of the spine
and thorax could be used as part of the clinical examination in combination with basic cardiological
variables to screen patients with chest pain to allow for improvements in referral patterns for
specialist opinion or angiography. The suggested decision tree may serve as an example of how to
base the diagnosis of noncardiac chest pain from the musculoskeletal system on a more objective
and reproducible procedure, facilitating its use outside the field of chiropractic.
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Table 1 Exclusion criteria and their frequencies in 241 patients. Note that some patients fulfilled
>one criterion.

No. of pts

Lack of compliance (withdrawal prior to FUMU program) 89

No written consent 49

Previous surgery to the thorax 32

No selfreported chest pain, neck pain or thoracic spinal pain 26

Inflammatory joint disease 18

Malignant disease 18

Apoplexia 14

Others 13
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Table 2. Patient characteristics, medication, and results of myocardial perfusion imaging and
coronary angiography.

CTA total
(N=275)

CTA positive
(N=50)

CTA negative
(N=225)

p

Patient characteristics
Age 56.31 (9.26) 50.36 (9.14) 57.63 (8.78) <0.001
Weight 81.24 (15.58) 82.02 (20.18) 81.08 (14.43) 0.899
Height 171.43 (12.50) 170.84 (18.68) 171.56 (10.74) 0.765
BMI 27.08 (3.81) 26.39 (3.46) 27.22 (3.87) 0.262
Systolic BP 141.17 (16.64) 136.76 (17.81) 142.15 (6.25) 0.009
Diastolic BP 85.57 (9.12) 83.24 (7.90) 86.08 (9.32) 0.025
Gender % female n=104 (38%) n=22 (44%) n=82 (36%) 0.337
Referred from GP n=135 (49%) n=38 (76%) n=97 (43%) <0.001
Medication
Beta-blocker n=115 (42%) n=10 (20%) n=105 (47%) <0.001
Ca++-antagonist n=64 (23%) n=7 (14%) n=57 (25%) 0.098
ACE inhibitor n=40 (15%) n=2 (4%) n=38 (17%) 0.015
Short acting nitrates n=68 (25%) n=4 (8%) n=64 (28%) 0.002
Long lasting nitrates n=36 (13%) n=0 (0%) n=36 (16%) 0.001
Magnyl n=157 (57%) n=15 (30%) n=142 (63%) <0.001
Anticholesterol n=78 (28%) n=4 (8%) n=34 (33%) <0.001
Perfusion imaging
Normal n=151 (56%) n=40 (80%) n=111 (50%)
Partly reversible defects n=33 (12%) n=1 (2%) n=32 (14%)
Reversible defects n=63 (23%) n=4 (8%) n=59 (27%)
Fixed defects n=25 (9%) n=5 (10%) n=20 (9%)

<0.001

Missing 3 0 3
Coronary angiography
Normal n=152 (59%) n=40 (91%) n=112 (52%)
1-vessel disease n=42 (16%) n=2 (5%) n=40 (19%)
2-vessel disease n=34 (13%) n=1 (2%) n=33 (15%)
3-vessel disease n=31 (12%) n=1 (2%) n=30 (14%)
Missing 16 6 10

<0.001

BMI = Body mass index. BP = Blood pressure. GP = General Practice.
Data are expressed as means (SD)
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Table 3 Candidate variables.

Type Description Cause of selection Expected findings
Self-reported
pain

Chest pain, neck pain,
thoracic pain,
shoulder-arm pain

Pain is the primary
complaint and outcome
parameter

Chest and neck pain
presence the same in both
groups. More shoulder arm
pain in CTAneg. More
thoracic pain in CTApos

Case history Description of
symptoms, duration of
attacks, aggravating
and relieving factors

Empirical tradition that
certain aspects of the case
history are characteristic in
terms of cardiac and non-
cardiac chest pain

Typical AP chest pain
precipitated by physical
activity, < 10 minutes
duration, relieved by rest
and nitroglycerin.
CTApos chest pain
precipitated by movement,
deep breath and cough

Type of angina
pectoris

Classification of chest
pain from case history

There is evidence which
indicates that the prevalence
of coronary-artery disease is
related to type of angina18

More non-cardiac AP in
CTApos. More typical and
atypical AP in CTAneg

Medication Antianginous
medication,
painkillers

Patient using heart
medication might bias the
decision of the examining
chiropractor

Less cardiac medication in
the CTApos compared to
CTAneg

Palpation
findings

Joint-play motion
palpation, end-play
motion palpation,
paraspinal tenderness,
chest wall tenderness

Palpation is used as indirect
methods to evaluate
structures of the
musculoskeletal system
suspected to produce
non-cardiac angina

Expect more palpation
restrictions and tenderness
in the CTApos group.

CTApos  =  CTA positive; CTAneg  =  CTA negative.
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Table 4 Comparability on specific case history items for CTA patients.

CTA positive
(N=50)

CTA negative
(N=225)

p

How would you describe your
symptoms?
   Squeezing/pressurelike n=41 (82%) n=203 (90%) 0.134
   Tenderness n=1 (2%) n=16 (7%) 0.326
   Sharp n=16 (32%) n=40 (18%) 0.023
   Well demarcated n=2 (4%) n=9 (4%) 0.679
   Diffuse n=6 (12%) n=18 (8%) 0.255
   Burning n=3 (6%) n=10 (4%) 0.431
   Prickly n=11 (22%) n=28 (12%) 0.068
   Other n=4 (8%) n=23 (10%) 0.433
Duration of each attack?
   <10 minutes n=26 (52%) n=173 (77%)
   10 minutes – 1 hour n=12 (24%) n=35 (16%) 0.009
   More than 1 hour n=12 (24%) n=17 (7%)
Attacks
   Monthly n=24 (48%) n=61 (27%)
   Weekly n=18 (36%) n=107 (48%) 0.019
   Daily n=8 (16%) n=57 (25%)
Symptoms for how long time?
   < 6 month n=24 (48%) n=81 (36%)
   6-24 month n=16 (32%) n=108 (48%) 0.034
   > 24 month n=10 (20%) n=36 (16%)
Provoking factors
   Physical activity precipitates n=25 (50%) n=190 (84%) <0.001
   Movement of the thorax n=4 (8%) n=5 (2%) 0.060
   Rest n=17 (34%) n=77 (34%) 1.000
   Sexual activity n=2 (4%) n=26 (12%) 0.127
   Sleep n=3 (6%) n=5 (2%) 0.162
   Leaning foreward n=1 (2%) n=4 (2%) 1.000
   Swallowing n=0 (0) n=2 (1%) 1.000
   Deep breath n=0 (0) n=2 (1%) 1.000
   Eating n=1 (2%) n=5 (2%) 1.000
   Cold n=1 (2%) n=16 (7%) 0.149
   Psychic stress n=19 (38%) n=57 (25%) 0.053
   Other n=9 (18%) n=16 (7%) 0.230
Relieving factors
   Rest n=23 (46%) n=146 (65%) 0.016
   Movement of the affected part n=2 (4%) n=5 (2%) 0.614
   Nitroglycerin n=9 (18%) n=84 (37%) 0.008
   Other antiangina medication n=0 (0) n=10 (4%) 0.217
   Pain killers n=2 (4%) n=2 (1%) 0.152
   Tranquilizers n=2 (4%) n=0 (0) 0.033
   Antiacid medicin n=0 (0) n=0 (0)    1.000
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Table 5 Discrimination between the CTA groups at baseline in palpations findings, chest, neck and
thoracic pain and cardiovascular classification. Shown are absolute numbers and relative
frequencies (in parentheses).

CTA total
(N=275)

CTA positive
(N=50)

CTA negative
(N=225)

p

Palpation
     Chest wall tenderness 214 (78) 49 (98) 165 (73) 0.053
     Paraspinal tenderness 133 (48) 48 (96) 85 (38) <0.001
     End-play motion palpation 160 (58) 50 (100) 110 (49) <0.001
     Joint-play motion palpation 90 (33) 50 (100) 40 (18) <0.001
Type of  chest pain
   Non-cardiac chest pain 39 (14) 17 (34) 22 (10)
   Atypical angina 80 (29) 22 (44) 58 (26) <0.001
   Typical angina 156 (57) 11 (22) 145 (64)
CCS
   I 133 (48) 43 (86) 90 (40)
   II 128 (47) 7 (14) 121 (54)
   III 14 (5) 0 (0) 14 (6) <0.001
   IV 0 (0) 0 (0) 0 (0)
Presence of chest pain
     Today 159 (58) 31 (62) 128 (57) 0.531
     Pain past 14 days 249 (91) 44 (88) 205 (91) 0.592
Chest pain intensity *
     Intensity today 2.63 (1.61) 2.74 (1.29) 2.60 (1.69) 0.283
     Max. intensity past 14 days 4.29 (2.21) 4.14 (1.97) 4.32 (2.27) 0.697
     Average intensity past 14 days 3.36 (1.87) 2.91 (1.63) 3.46 (1.91) 0.090
Presence of neck pain 106 (38) 37 (74) 69 (31) <0.001
Neck pain intensity *
     Average intensity past 14 days 3.55 (1.99) 3.57 (1.89) 3.54 (2.06) 0.713
Presence of thoracic pain 109 (40) 32 (64) 77 (34) <0.001
Thoracic pain intensity *
     Average intensity past 14 days 3.45(1.99) 3.19 (1.94) 3.56 (2.02) 0.194
Presence of  shoulder arm pain 144 (52) 33 (66) 111 (49) 0.041
Shoulder arm pain intensity *
     Average intensity past 14 days 3.80 (2.18) 3.61 (2.25) 3.86 (2.17) 0.459
*Pain intensity data are expressed in means (SD) within patients reporting pain, i.e., a rating scale
value between 1 and 10.
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Figure 1 The reconstructed decision tree. The rhombs are showing variables defining subgroups.
The rectangles show the values defining subgroups and the numbers of the CTA positive patients
(left number) and total number of patients (right number) in this subgroup.
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Figure 2 Segmental motion palpation restriction findings. Endplay  – left, Joint play – right
Numbers = Odds ratio (OR)[95% CI] comparing frequency of positive findings between CTA
positive and CTA negative patients
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ABSTRACT

Background: Our group has previously shown that nearly 1/5 of patients referred to catheterization
for stable angina pectoris may suffer from cervico-thoracic angina (CTA), i.e., chest pain
originating from the cervico-thoracic spine.

Objective: To examine if chest pain originating from the spine would benefit from manual therapy.

Design: Non-randomized, open prospective trial.

Setting: Tertiary hospital.

Patients: Patients who were referred for coronary angiography because of known or suspected
stable angina pectoris were invited to participate in this study. A total of 275 took part, 50 who were
diagnosed as CTA positive, and 225 as CTA negative.

Intervention: Manual therapy according to chiropractic standards.

Measurements: Patient self-report questionnaires at baseline and 4-weeks including pain measured
with an 11- point box scale, quality of life (Short Form 36), and perceived improvement.

Results: Approximately 75% of CTA positive patients reported improvement of pain and of general
health after treatment compared to 22%-25% of CTA negative patients (p<0.0001). Pain intensity
decreased in both groups with consistently larger decreases for all types of pain among CTA
positive patients. SF-36 scores increased in the CTA positive group in 5 out of 8 scales and
remained unchanged in the CTA negative group.

Conclusion: This study suggested that patients with known or suspected angina pectoris and a
diagnosis of CTA may benefit from chiropractic manual therapy. However, we could not entirely
exclude that the beneficial effects were also a consequence of a supposed favorable prognosis for
CTA positive patients.
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INTRODUCTION

Chest pain or chest discomfort is of variable origin, cardiac and non-cardiac.(1) The term “angina
pectoris” is usually reserved for the cardiac cases thought to be due to myocardial ischemia.(2)

Traditionally, patients with chest discomfort are admitted to a cardiology ward because the heart is
under suspicion as the pain source, but the etiology of pain may be non-cardiac in up to 50 % of
cases.(3) The differential diagnoses are primarily of pulmonary, gastrointestinal, psychosocial or
musculoskeletal origin.(1;4-11)  While patients with non-cardiac chest pain have a excellent prognosis
for survival and a future risk of cardiac morbidity similar to that of the background population,(12)

about three quarters of these patients continue to suffer from residual chest pain, one half remain or
become unemployed, and one half report being significantly disabled.(6;13-15) Only 30-50% appear
reassured that they do not have serious heart disease,(14;16) as many as one half of patients remain on
cardiac medication, and about three quarters continue seeing a physician.(6)

There is a broad agreement between clinicians that the musculoskeletal system is a potential
source of pain in non-cardiac chest discomfort, but very few studies have addressed this issue
systematically. We have previously established a standardized clinical examination program for
dysfunctions of the spinal column and muscular changes in the chest wall.(17;18) Further, we have
applied this program together with a detailed case history in patients referred for coronary
angiography because of known or suspected AP to make a diagnosis of “cervico-thoracic angina”
(CTA), i.e., chest discomfort originating from the cervical spine and the thorax, in 18% of these
patients. (19). The aim of the present study was to elucidate if angina pectoris patients with a
diagnosis of CTA would benefit from manual therapy as compared to CTA negative patients, in
order to confirm a claim of chiropractors, that we can achieve a reduction of chest pain after manual
therapy to CTA positive patients in this specific group.

METHODS AND MATERIALS

Design
The study was a prospective, non-randomized open trial. Manual therapy was offered to CTA
positive patients only. The CTA negative patients served as controls. Both groups were scheduled
for a follow-up about four weeks later (mean 32 days, range 20-61).

Study population
Our population was derived from the aforementioned study on the prevalence of abnormal
perfusion in angina pectoris patients referred for catherization.(3) The 516 patients of that trial were
offered participation. Of these, 241 were excluded for fulfilling ≥ 1 of a series of predefined
exclusion criteria: lack of compliance, i.e., withdrawal prior to start of the standardized examination
program (n=89), no written consent (n=49), previous surgery of the thorax (n=32), no self-reported
chest, neck or thoracic pain (n=26), inflammatory joint disease (n=18), malignant disease (n=18),
apoplexia (n=14), other (n=13).

Among the 275 patients included, 50 were CTA positive and 225 CTA negative. All gave
informed consent to participate in the study, which was approved by the local ethics committee.
Twenty-one participants, 4 CTA positives and 17 CTA negatives, were not evaluated at the four
week follow-up for the following reasons: Withdrawal of consent (n= 8), non-appearance at follow-
up  (n= 6), the patients required knowledge of the imaging result (n=4), hospital admission before
follow-up examination because of chest pain (n= 1) or other disease (n= 1), physiotherapeutic
treatment for chest pain (n=1).

3



Evaluation
On the day of inclusion, all patients answered two sets of questionnaires given by a laboratory
technician not participating in the study: One questionnaire recorded the intensity on an 11- point
box scale with grading from 0 (= no pain) to 10 (= unbearable pain) of the patient’s chest pain
“now” (i.e., on the day of examination), together with the following types of pain experienced
during the last fortnight: maximal and average chest pain, average thoracic spine pain, average
cervical spine pain and average shoulder arm pain. Also, the patients should indicate if they
believed that the musculoskeletal system and/or the heart was the source of their chest pain, and,
finally, if they were afraid of their chest pain. The other was a quality of life questionnaire (Short
Form 36 (SF-36)), which measures physical and mental health. When completed, the laboratory
technician collected the questionnaires.

Immediately after, all patients were interviewed and examined physically by a single
experienced chiropractor (HWC) who was also a medical doctor. The standardized examination
program for the cervical spine and thorax was carried out as previously described,(17;18) including
the following steps: 1. Sitting motion palpation for endplay restriction at segments C4-T8 of the
cervical and thoracic spine. 2. Sitting palpation for tenderness of the anterior chest wall. 3. Prone
motion palpation for joint play restrictions at segments T1-T8 of the thoracic spine. 4. Prone
paraspinal palpation for tenderness at T1-T8. Based on the history and the physical examination, the
chiropractor classified each patient as CTA positive or CTA negative.(19)

Finally, patients had myocardial perfusion imaging performed to evaluate the presence of reduced
myocardial blood flow indicating ischemia.

Treatment protocol
Patients received eight treatment sessions during four weeks by the same chiropractor. Each
participant got at least one manual thrust at each session, applied with high velocity and low
amplitude force directed at one or more restricted cervical and/or thoracic joint segments as
described by Bergmann et al.(20) Trigger point therapy intervention followed clinical practice, in
which the choice of initial and subsequent trigger point therapy was decided by the treating
chiropractor. Manual pressure and deep stroking massage on the different trigger points was applied
to trigger points as described by Travell & Simons.(21) Participants in the CTA negative group were
interviewed and informed about the CTA diagnosis by the chiropractor and underwent the same
examination of the musculoskeletal system as the CTA positive, but received no therapy.

Follow-up
After 4-weeks, the same questionnaires that were administered on entrance were repeated.
Additional questions addressed whether patients thought their chest pain and general health had
turned worse or a little worse, or whether they were unchanged, a little better or better (Table 4),
and, further, if they felt that the manual therapy had helped them or not. Then the standardized
examination program was applied again. The examiner was blind to palpation findings at baseline
and the result of perfusion imaging, but not to the original CTA status of the patients.

Statistical Analyses
For the analysis at baseline, SF-36 scores were standardized for each patient by subtracting the
corresponding age and sex specific mean in the Danish population(22) and dividing by the
corresponding standard deviation (SD). Changes in the continuous variables between baseline and
follow-up were described by the mean and SD of the individual increase or decrease, and the
differences between CTA positive and negative patients were assessed by the difference of the
mean values. These differences were then adjusted for imbalances in the baseline values using an
ANCOVA with an interaction between baseline and group and evaluating the group difference from

4



the population mean. Changes in binary variables were assessed by the relative frequencies at
baseline and follow-up and the absolute number of changes in both directions. Significance of the
differences between baseline and follow-up was assessed using the McNemar test. Differences
between the two groups with respect to the change in a binary variable were assessed by the
Wilcoxon test applied to the difference (-1,0,1). Further, by a logistic regression analysis modelling
the outcome at follow-up as a linear function of the baseline status and group membership and,
hence, taking differences at baseline into account. P-values less than 5% were regarded as
significant.

RESULTS

Baseline Results
The different types of pain were equally frequent among CTA positive and CTA negative patients
at baseline and at follow-up among patients suffering from pain (Table 1). At baseline, our total
population had lower quality of life scores than normal for their ages and gender, i.e., median values
between 0.5 and 1 SD below the population mean (Figure 1). The baseline distribution of the eight
SF-36 quality of life scales is displayed in Table 2 according to which CTA positive patients had
significantly higher scores for physical functioning, role physical, and general health compared to
CTA negative patients, while other scores were comparable. Table 3 shows that with all four types
of palpation nearly 100% of CTA positives had abnormal findings at baseline compared to much
lower frequencies (range 17% - 74%) among CTA negative patients, in whom chest wall tenderness
was the most common abnormality. At baseline, 74% (N=37) of CTA positive patients thought that
they had musculoskeletal pain compared to only 41% (N=92) of CTA negative patient, 81%
(N=183) of whom felt that they suffered from cardiac pain as opposed to only 52% (N=26) of the
CTA positive patients. However, approximately 75% of patients in both groups were afraid of their
chest pain.

Follow-up Results
Approximately 3/4 of the CTA positive patients reported improvement of pain and of general health
after treatment, and the remaining 1/4 reported no change (Table 4). In comparison, 13% of the
CTA negative group reported worse chest pain and a poorer general health at follow-up, 65%
reported unchanged chest pain and 58% unchanged general health, while the rest indicated less pain
(22%) and improvement in general health (26%), these differences between groups being highly
significant (Table 4). Asked directly, fourty-four patients (96%) of the CTA positive patients
indicated that the chiropractic treatment had helped.

Despite the lack of significant changes in the presence of pain in the two groups from baseline
to follow-up (Table 1), both groups showed at follow-up a mean decrease in pain intensity on all 6
pain scales. The decrease was consistently larger in CTA positive patients and significantly so with
regard to maximal and average chest pain experienced during the last two weeks (Table 5).

Changes in the SF-36 scores between baseline and follow-up are shown in Table 6 displaying
virtually no change in mean scores in the CTA negative group as opposed to improvements in the
CTA positive group of all 8 scores, five of which were statistically significant. Table 3 shows a
highly significant decrease in abnormal palpation findings among the CTA positive patients in
contrast to significant increases in three out of four types in the CTA negative group.

After manual treatment, there was an increase from 37 (74%) to 42 (91%) (p=0.02) in CTA
positive patients who believed they had chest pain originating from muscles and joints of the thorax
and the neck and a decline from 26 (52%) to 18 (39%) (p=0.27) in patients who believed they had
chest pain of cardiac origin. Similarly, there was a decline from 37 (74%) to 22 (48%) (p=0.002) in
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CTA positive patients who were afraid of their chest pain. In comparison, no statistically significant
changes were observed in the CTA negative group from baseline to follow-up for any of these three
questions.

DISCUSSION

It has been debated how often the diagnosis of non-cardiac chest pain is neglected by the
cardiologists.(23-26) Less attention has been paid to the management of extra-cardiac causes,
especially the musculoskeletal ones, perhaps because they are a heterogeneous group with
considerable overlap of symptoms, which are difficult to interpret, but should be considered.(27-30)

The present study is the first trying to elucidate the possible benefit of a CTA positive diagnoses
and subsequent manual therapy in a prospective trial on a sample of patients with known or
suspected stable angina pectoris.

Pain
We have previously shown that significantly more CTA positive than CTA negative patients suffer
from neck pain, thoracic pain, and shoulder arm pain, whereas there is little difference with regard
to intensity of chest pain, neck pain, thoracic pain, and shoulder arm pain.(19) Further, 80% of CTA
positive patients appeared to have normal myocardial perfusion compared to 50% of CTA negative
patients indicating more angina due to myocardial ischemia among the CTA negative ones. In the
present trial, we observed some apparently conflicting results with the various measurement scales
for pain. With binary scales we found no effect of the manual therapy in any of the six pain scales
(Table 1). However, maximum chest pain intensity and average chest pain intensity during the last
fortnight did improve significantly in the CTA positive compared to the CTA negative group and
with the remaining four scales there was a tendency for a reduction in pain intensity among the
CTA positive patients (Table 5). Also, this lack of effect on the binary scales was in contrast to the
74% of CTA positive patients who on follow-up indicated improvement in the shape of less chest
pain and better general health. No one in this group experienced worsening compared to 13% of the
CTA negative group (Table 4). However, 8, 3 and 3 patients, respectively, deteriorated with regard
to chest pain now and maximum and average chest pain during the last two weeks (Table 1),
suggesting that these patients were not able to recall correctly their rating scale judgment of 0 at
baseline or that the actual deterioration was too small to affect their subjective evaluation of a
change.
We would like to point out, that in studies on the effect of manual therapy using VAS scores as an
outcome measure baseline values have typically a mean about 5-6 and a mean reduction by 3 to 4
points can be observed.(31;32)  In our population of patients we have a mean of 3.5 at baseline, and -
in contrast to most other studies – a substantial fraction of patients with no pain. However the high
standard deviations of about 2 for the change in the pain scores among the CTA negative patients
may indicate, that VAS are not an appropriate tool to assess improvement in such a low level pain
population, neither as a binary nor as a continuous variable.
Elliott et al. assessed different methods of measuring change in chronic pain severity and found
poor agreement and low correlation between a serial measure and patient retrospective
perception.(33) Similar tendencies might have influenced our findings.

Quality of life
The CTA negative group did not change in any of the SF-36 scales at follow-up in contrast to the
CTA positive group, which improved significantly in five of the eight scales (Table 6). This
improvement was in the “soft scales” whereas no significant improvement was obtained in the
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“hard scales” (physical functioning, bodily pain, and general health). However, the CTA positive
patients had at baseline, distinctly higher level of physical functioning and general health status
scores than the CTA negative patients. In fact, the CTA positive patients’ the physical functioning
score were close to what is seen in healthy subjects (median standardized score = –0.3).

Palpation findings
The CTA positive patients improved dramatically whereas the CTA negative ones became worse
(Table 3). The latter result was somewhat surprising, because one would rather expect a stable
situation in the latter group. One explanation might be that these patients became more anxious,
causing more muscle tension, while waiting for catheterization, which was not performed prior to
follow-up. Another, recalling the central role of palpation for the diagnosis of CTA(19) and the
limited reproducibility of palpation findings,(17;18) that it was due to ‘regression to the mean’.(34)

Thus, some CTA positive patients may be overlooked on the day of diagnosis and falsely assigned
to the CTA negative group and, hence, showing their real status only at follow-up. If so, one has to
ask if the improvement among the CTA positive patients could be explained in a similar manner.
However, at follow-up, at least two of the four abnormal findings were less frequent among CTA
positive patients than among CTA negative patients at baseline, and, consequently, the
improvement in CTA positive patients was bigger than could be explained by regression to the
mean. On the other hand, one cannot exclude that this improvement could be a result of observer
bias, i.e., the therapist would expect his treatment to diminish the abnormal musculoskeletal
findings.

In summary, the most favorable results were found for the subjective assessment of
improvement in chest pain and general health and the least favorable ones were on the rating scales.
A statistical significant reduction in the patients’ anxiety for their chest pain was found among the
CTA positives compared to no change in the CTA negative group. This might be explained by the
observed reduction in chest pain intensity and/or by more attention of the chiropractor during the
treatment period. Further, more CTA positive patients considered the musculoskeletal system to be
the pain source after treatment. This is in line with patient self-assessment of chest pain in that most
patients responded positively to manual treatment. When asked, 96% of CTA positive patients (44
of 46 treated) “believed that the chiropractic treatment had helped”.

Others’ findings
There are several case reports on manual therapy of chest pain in patients with atypical or non-
cardiac angina,  (11;35-41) but there have been no randomized studies. A single randomized clinical
trial  on manual therapy for thoracic spine pain of mechanical origin and unknown duration has
been conducted in 30 subjects with a mean baseline value for thoracic spine pain of 4.8 on a rating
scale compared to 3.2 in our study. One group received spinal manipulative therapy and another
nonfunctional ultrasound treatment. The authors found a significant reduction in pain but not in
disability. Their results, however, are difficult to interpret because of inconsistencies in significance
levels and the interpretation of p-values.(42)

The literature is more abundant when it comes to manual therapy for neck pain in patients
without chest pain. In a systematic review from 1996 of 9 randomized trials it was found that
manipulation or mobilization may be more effective than muscle relaxants or usual medical care in
producing short-term pain relief.(43) In the latest systematic review of 20 randomized trials
(including 8 of the aforementioned 9) on manual therapy for mechanical neck disorders in chest
pain free patients, Gross et al. concluded that evidence favoured multimodal care, i.e.,
mobilization/massage or manipulation in combination with either exercise with thermal modalities
over manipulation alone. No benefit was found for manual therapies given alone with a shorter
duration (three weeks) and lower frequency (eight treatments). In the long term, manipulation alone
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was less effective than high-technology exercise or manipulation and low-technology exercise. The
treatment duration was 20 sessions over 11 weeks.(31;44)

Limitations and clinical implications
The present study should merely be regarded as a first pilot study raising the question if manual
therapy may benefit some patients with chest pain normally considered to be a type of angina
pectoris. Further evidence would require prospective, randomized trials in a population of patients
referred from general practitioners.
The limitations in our study were several. First, we conducted a non-randomized study in which
allocation and in part the assessment of treatment effects were done by the chiropractor who had an
obvious interest in a positive outcome. However, the CTA positive group was highly associated
with a normal myocardial perfusion imaging, and, hence, validated by an objective, external
measure, the result of which was not known to the chiropractor. This agreement cannot be affected
by the chiropractor’s interest. Second, our study population did not represent an unselected stable
angina pectoris population as many eligible patients refused to participate. Furthermore, patients
were “prejudiced” in that they had been told beforehand that their symptoms were most likely
caused by coronary artery disease. This circumstance made it difficult to recruit patients and was an
obvious source of bias opposing a positive result of manual therapy because patients would be less
likely to think they would benefit from manual therapy. Third, at follow-up the diagnostic test for
which they had been referred (i.e. angiography) and which they had been told would provide a clue
to their symptoms, had still not been performed. Fourth, recent systematic reviews suggest that a
multimodal care approach is preferable with 20 treatment sessions for mechanical neck pain, albeit
in patients without chest pain. Our treated patients received eight treatments only.

Conclusion

The result of this study suggest that patients with suspected angina pectoris might benefit from a
chiropractic based diagnosis of CTA and subsequent manual therapy. We cannot completely
exclude that our findings could potentially be explained by the fact that a positive CTA diagnosis is
often associated with a good prognosis by itself, which, however, does not eliminate the need for
identifying these patients, some of which may not necessarily benefit from invasive investigation
and treatment.
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Table 1. Presence and change in pain intensity on binary scales.

% With Pain Absolute Numbers p-value
Type of

pain
CTA Baseline

Follow-
up

Improved Deteriorated McNemar Wilcoxon
Logistic
Regression

+ 60.9 60.9 8 8 1.00Chest pain
now - 59.6 54.8 34 24 0.24

0.60 0.45

+ 89.1 89.1 3 3 1.00Maximum
chest pain* - 91.4 88.0 15 8 0.21

0.54 0.66

+ 89.1 87.0 4 3 1.00Average
chest pain* - 91.4 87.0 15 6 0.07

0.71 0.82

+ 65.2 63.0 7 6 1.00Average
thoracic
spine pain* - 33.6 37.5 19 27 0.30

0.45 0.19

+ 73.9 73.9 3 3 1.00Average
neck pain* - 30.8 40.9 14 35 <0.01

0.16 0.20

+ 63.0 63.0 5 5 1.00Average
shoulder
arm pain* - 49.0 51.4 35 28 0.61

0.77 0.45

* During the preceding 14 days.

Table 2. Quality of life profile (SF-36) according to CTA status at baseline.

CTA positive (N=50) CTA negative (N=225) p-value

Physical functioning 79.7 (21.7) 70.6 (20.9) 0.0007
Role physical 60.5 (39.5) 41.2 (40.1) 0.0032
Bodily pain 61.7 (19.7) 58.4 (20.2) 0.2374
General health 62.6 (16.1) 55.7 (17.6) 0.0066
Vitality 49.9 (20.3) 51.0 (21.9) 0.9285
Social functioning 80.5 (20.7) 83.4 (21.7) 0.2420
Role emotional 60.7 (38.5) 55.9 (40.3) 0.4929
Mental health 69.4 (15.0) 71.5 (18.5) 0.2186
Data are mean (SD).
Scores range from 0 (poor quality of life) to 100 (good quality of life).
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Table 3. Presence of palpation findings on the chest wall and the thoracic spine. Data are expressed
as absolute numbers and percentages of patients having positive findings (N (%)).

CTA Baseline
N (%)

Follow-up
N (%)

p-value

+ 44 (98) 28 (62)   0.0001Chest wall tenderness
- 153 (74) 186 (90) <0.0001
+ 43 (96) 16 (36) <0.0001Paraspinal tenderness
- 79 (38) 101 (49)   0.0071

+ 45 (100) 29 (64) <0.0001End-play motion
palpation restriction - 102 (49) 132 (64)   0.0006

+ 45 (100) 14 (31) <0.0001Joint-play motion
palpation restriction - 36 (17) 51 (25)   0.0627

Table 4. Patient subjective assessment of chest pain and general health at follow up.

CTA positive CTA negative p

How is your chest
pain now
compared to
4 weeks ago?

Worse
A little worse
No change
A little better
Better

0
0
12 (26.1%)
15 (32.6%)
19 (41.3%)

3 (1.5%)
25 (12.0%)
135 (64.9%)
25 (12.0%)
20 (9.6%)

< 0.0001

How is your
general health
now compared
to 4 weeks ago?

Worse
A little worse
No change
A little better
Better

0
0
12 (26.1%)
21 (45.6%)
13 (28.3%)

4 (1.9%)
28 (13.5%)
134 (64.4%)
32 (15.4%)
10 (4.8%)

< 0.0001
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Table 5. Change in pain intensity at follow-up among subjects with pain at baseline.

Decrease Unadjusted Diff Adjusted Diff

Variable
CTA Mean (SD) Diff 95% CI Diff 95% CI p

+ 0.79 (1.8)Chest pain now
- 0.28 (2.1)

0.50 -0.4, 1.4 0.46 -0.4, 1.3 0.274

+ 1.15 (2.0)Maximum chest
pain* - 0.12 (2.2)

1.03 0.3, 1.8 1.15 0.4, 1.8 0.001

+ 0.56 (1.7)
Average chest pain*

- 0.23 (2.0)
0.33 -0.3, 1.0 0.63 0.0, 1.2 0.048

+ 1.03 (2.5)Average thoracic
spine pain* - 0.69 (2.0)

0.35 -0.6, 1.3 0.54 -0.3, 1.4 0.228

+ 1.00 (2.4)
Average neck pain*

- 0.59 (2.0)
0.41 -0.5, 1.3 0.45 -0.3, 1.2 0.256

+ 1.31 (2.1)Average shoulder
arm pain* - 0.89 (2.2)

0.42 -0.5, 1.3 0.44 -0.4, 1.4 0.294

* During the preceding 14 days.

Table 6. Increases in quality of life profile (SF-36) scores at follow-up compared to baseline.

Increase Unadjusted Diff Adjusted DiffVariable
CTA Mean SD Diff 95% CI Diff 95% CI

p-value

+ 0 12.9Physical
functioning - -1.39 13.0

1.4 -2.8, 5.6 2.5 -1.8, 6.8 0.253

+ 8.15 21.1Role physical
- -0.44 30.6

8.6 -0.8, 18.0 12.3 2.8, 21.9 0.011

+ 4.22 14.7
Bodily  pain

- 0.39 17.3
3.8 -1.6, 9.2 4.9 -0.3, 10.1 0.066

+ 0.53 12.5General health
- -0.27 12.9

0.8 -3.3, 5.0 2.6 -1.7, 6.8 0.232

+ 10.44 17.7
Vitality

- 0.72 15.8
9.7 4.5, 14.9 0.6 4.6, 14.5 <0.001

+ 4.62 17.2Social
functioning - -1.51 15.9

6.1 0.9, 11.3 5.4 0.6, 10.3 0.029

+ 16.30 34.5Role emotional
- 2.59 37.6

13.7 1.7, 25.7 16.2 5.6, 26.8 0.003

+ 4.43 15.1Mental health
- -0.74 14.4

5.2 0.5, 9.8 4.8 0.4, 9.2 0.033

CTA+: N=46 and CTA-: N=208
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Figure 1: Standardized quality of life scores (SF-36) in the entire study population (n=275). A
value of 0 indicates equal score as in the background population, a negative value indicates a lower
and positive value a higher quality of life. Values are given as median values compared to
population mean.
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