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Abstract

This thesis consists of 3 studies. The abstract of each study is

given here with

Study 1

Title: Application of Delphi technique in identification of
appropriate screening questions for chronic low back pain from

Traditional Chinese Medicine experts’ opinions

Objective: The gcal of the present study was to obtain a standard
list of Traditional Chinese Medicine (TCM) symptoms and signs for
screening chronic low back pain (CLBP) from a group of experts and
to assess agreement and consistency among their opinions on the

items of a gquesticnnaire.




Design, settings, and subjects: The study design involved three
rounds of medified Delphi technique, and it was carried out by 13

_experts in orthopedics, massage, and acupuncture working in four

hospitals affiliated with Yunnan University of Traditional Chinese

Medicine, China.

OQutcome measures: The outcome was measured on the 5-score Likert-

scale self-administered checklists.

Results: A review of eight textbooks identified 12 pain
characteristics, 11 associated factors, and 25 physical and tongue
diagnostic expressions as important factors in the TCM diagnosis
of CLBP. These 48 diagnostic characteristics were rated by 13
experts as '"not important" to "very important” on a scale of 1-5,
After three rounds of rating, 13 characteristics were eliminated
from the list, with the final numbers for each group being 8, 11,
and 16, respectively. Seven items based on Western medicine were
alse added by the experts. The intra-class correlation (ICC}
coefficient for agreement among the experts was 0.2 at the end.
Intra-rater, between rounds, consecutive pair-wise median kappa
values were 0.53 and 0.66. Analyslis of wvariance using Iltems
appearing in all three rounds revealed significant effects of
expert and greup of symptoms and signs {(p < 0.001) and
nonsignificant differences among scores of the same expert in the
three rounds (p = 0.97). Mean score of physical and tongue
expressions were significantly (p < 0.001) lower than that of all

other groups of symptoms and signs.
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Conclusions: Modern TCM experts have de-emphasized the items on
physical and tongue expressions and have adopted instead those

~from Western medicine. Intra-expert agreement across items was

low, and each expert tended to stick to her/his original opinions.

Study 2
Title: Factor analysis on symptoms and signs of chronic low back

pain based on Traditional Chinese Medicine theory

Objective: To use factor analysis to explore patterns of symptoms
and signs from patients with chronic low back pain (CLBP) based on

the Traditional Chinese Medicine (TCM) theory.

Design, settings, and subjects: A cross—-sectional study was
carried out among 5313 patients with CLBP in four hospitals
affiliated with Yunnan University of Traditional Chinese Medicine,

China.

Outcome measures: 31 symptoms and signs on a 6-level self-report

questionnaire.

Results: Four factors were extracted. They were eventually
interpreted as (1) “gi and/or blood stagnation”, which includes 8
items such as piercing pain; activity limited by feeling of local
heaviness, lumbar and flank stiffness with bending limitation and
purple tongue etc., (2) “cold/damp”, which has 7 items for example
cold/damp pain, pallid face and greasy ccating, etc., (3} a part

of “kidney deficiency”, which includes 2 items - “dull pain and
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recurrent vague pain”, {4) “warmth/heat”, which is related to 3
items wviz. yellow tongue coating. The four factors accounted for

12.7%, 8.2%, B8.2% and 7.8% of the total variance, respectively.

There are 7 items with unigqueness over 0.8.

Conclusions: Four TCM major groups of pathophysiclogy could
explain 37% of wvariance of 31 symptoms and signs of the CLBP

patients. Thirteen items were not groupable.

Study 3

Title: Cluster analysis for patients grouping

Methodology: The data set used in the second study was further
analyzed using cluster analysis. A dendrogram was obtained from
hierarchical cluster analysis. The number of clusters was
identified from k-means cluster analysis. Means factor score for
each factor was computed for each c¢luster of subjects to
characterize the groups by underlying symptoms and signs., Cluster
was then tabulated against socio-ecomic characteristics and cther
clinical settings. Finally, multinomial logistic regression was

used to adjust for confounders.

Results: Four clusters was identified: Cluster 1 was mostly
suffering cold/damp, c¢luster 2 had no predominating factors of
symptoms and signs, cluster 3 was by gi and/or blood stagnation
and warmth/heat, cluster 4 was by kidney deficiency. Independent
predictors for the clusters included hospital, age, education and
smoking but not gender or drinking.
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Conclusion: Four of main underlying TCM pathophysiology explained
4 groups on clusters. Within the study sample of CLBP patients,

socio-economic are other clinical setting may determine what group

the patient will belong to.

Conclusion of the whole thesis: Different TCM experts had their
own independent opinicens on the checklist for symptoms and signs
of CLBP. Using the most acceptable list, we were able to document
that four main underlying factors explain 37% of the
pathophysiclogy. Four clusters of patients were classified by

these underlying factors and they were associated with wvarious

soclio-economic characteristics.

Key words: chronic low back pain, Traditional Chinese Medicine,
Delphi technique, factor analysis, symptoms and signs, cluster

analysis
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Structure of this thesis

Chapter 1 starts with introduction of definition of chronic low
back pain used in this thesis, perspective of western and
Traditional Chinese Medicine (TCM) on chronic low back pain
(CLBP). Modern research techniques such as the Delphi method,
factor analysis and cluster analysis, which are used in this

thesis, are reviewed.

Chapter 2 is the result of the first study using Delphi technique
to develop a checklist of symptoms and signs, which were
subsequently used in the following chapter. This chapter was
published in. the Journal of Alternative and Complementary

Medicine. (study 1)

Chapter 3 is based on data collection of the 513 real patients to
identify the construct of the symptoms and signs using factor

analysis. (study 2}

Chapter 4 continues to analyze the data by using cluster analysis
to group the subjects into clusters or groups. Determination of
the clusters based on socio-demographic and other clinical data

were finally identified. (study 3)

Chapter 5 concludes all findings and gives recommendations.
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Chapter 1

Literature review

1. Background

In order to tackle the prcoblem of classification of chronic low
back pain (CLBP), the present study reviews Traditional Chinese
Medicine (TCM) literatures on a CLBP to obtain a list of candidate
symptoms and signs, and then we will use a qualitative method of
knowledge assembling and organization, namely “Delphi method” to
refine the list. After data collection from patients to group
signs and symptom in the list two major statistical methods
(factor analysis and cluster analysis) are applied to the data.

They are briefly defined here.

1.1 Definitions

1.1.1 ILow back pain (LBP)

LBP manifests itself as pain, muscle tension, or stiffness;
localized below the costal margin and above the inferior gluteal
folds; with or without 1leqg pain; and is not attributed to

recognizable pathology. According to the duration of pain, it is




classified as acute pain {< 4 weeks), sub-acute pain {4 weeks - 12

weeks) and chronic pain (>12 weeks).?!

IBP with least and moderate intensity and pain duration has an
annual incidence in the adult population of 10-15%, and a point
prevalence of 15-30%., The prevalence rises with increasing age up
to 65 years, after which age it drops off for unknown reasons.
Lifetime prevalence of LBP exceeds 70%, with peak point prevalence
between ages 35 to 55 years. Furthermore, recurrent episodes of
LBP occur very frequently whereas a considerable number of people
suffer permanently from LBP. Chronic LBP (CLBP} is present in 3%
to 7% of the population in western industrialized countries and is

one third to half of LBP.?

The total costs of LBP to industry in 1988 in the United States
ware estimated to be between US326.8 and USS 56 billion. In the
Netherlands, the total costs of absenteeism and disablement due to
back pain and the indirect costs - were estimated at US3 3.1
billien and US$ 1.5 billion, respectively, in 1991, while the
total direct medical costs were estimated at US$ 368 million. Most
of costs in CLBP patients were spent on repeated treatments and

absenteeism,?

Above all, CLBP is the main parts of LBP. CLBP and related
disabilities are major public health problems and a major cause of

medical expenses, absenteeism and disablement.'




1.1.2 Traditional Chinese Medicine (TCM} symptoms and signs

TCM is an ancient medical system. It 1s composed of thousands of

EITRiIE eRparTeiEe s, clultiral traditisoh "afid pHiTossphical eoncepts

in China.

The core.of TCM theory 1is holistically integrated whole namely,
the human body as an integrated whole and inseparable from nature.
Each part of the body is seen as a complete system. Basically,
human body is composed of three concentric cylinders. The first
and innermost cylinder contains the internal organs, known as
Visceral systems. The second cylinder symbolizes the flow of
energy or gi through the boedy, or the meridian systems. The third
and outermost cylinder is the surface of the body which serves as
the environmental interface and the signalling system of inner

dysfunction.

TCM postulates that any manifestation of disease is considered a
sign of imbalance in the Visceral systems or meridian systems. The
TCM therapeutists collect symptoms and signs of the surface of the
body with four methods including {1) observation, (2} listening
and smelling, (3) interview of symptoms, (4) palpation and
pressure. They classify the diseases by those four methods using

in Chinese herbal medicine, acupuncture, massage and gigong, etc.

LBP is defined, similarly in TCM, as pain, muscle tension, or
stiffness; localized below the costal margin and above the

inferior glustea; folds; with or without leg pain. It is




classified into syndromes according to different symptoms and
signs, such as the cold/damp LBP; the kidney deficiency LBP. An

understanding of syndrome would provide new avenues for

interventions to minimize the impact of symptoms on health-related

outcomes.

There have been a few studies trying to c¢lassify IBP in the
western medicine prospect.?® It is important to have a similar
study examining whether TCM could also have the same role in this
disease classification. Moreover, it is useful to link the group
of symptom and sign with concurrent disability so that priority

could be set in management of those symptoms and signs.

This chapter consists of reviewing existing data on how western
medicine experienced in classification of LBP. A brief TCM theory
on LBP is alsoc reviewed in order to come up with group of symptoms
and signs based on TCM theory. After that, relevant candidate
research methodology wused for disease «c¢lassified qualitative
aspect, such as Delphi technique and quantitative analysis such as

factor analysis and cluster analysis are reviewed.

1.2 Western medicine perspective in CLBP

1.2.1 Ppiagnosis:

Of ali adults complaining of back pain, only around 5% can be
classified as having nerve root pain (using strict diagnostic

criteria) with the remainder having back pain with or without




referred leg pain, which 1is commonly referred to as non-specific
low back pain.’ Of those who develop acute LBP, 30% develop chronic

IBP, The past 15 years have seen an intensive research effort to

identify effective treatments and management strategies for low
back pain.? In spite of the small number of pathological conditions
that can give rise to back pain, most cases (85%) are classified
as “non-specific” because a definitive diagnosis cannot be

achieved by current ratiological methods.’

Fven when a specific diagnosis is made, the wvalidity of diagnosis
can often be questioned. This leaves a diagnostic and management
vacuum. This situation commonly results in the “signs and
symptoms” of the disorder being treated without consideration for
the underlying basis or mechanism for the pain disorder. It is
well recognized that the classification of chronic low back pain
(CLBP) disorders into homogenous groups, and the application of
specific interventions tailored for these groups is likely to
enhance treatment efficacy. !° The etioclogy of low back pain may be
difficult to determine at times because of the number of diverse

anatomic structures located in or near the low back region.

It is established that LBP is a multi-dimensional problem.!<!?

These dimensions consist of pathoanatomical, neurophysioclogical,
physical and psychosocial factors.’ Classification of CLBP pain
disorders can be based on the mechanism{s) underlying and driving
the disorder, such as lumbosacral {L.3) radiculopathies,

spondylolisthesis, vertebral compression fractures, ankylosing




spondylitis, referred pain from the pelvic girdie, discities
{prolapsed disc) and vertebral osteomyelities, psoas abscess and

arachnoiditis, diffuse idiopathic, skeletal hyperostosis and

cancer pain etc. ! Back and spine impairments are the most common

impairment among young and middle-aged people.!!

Although history, c<¢linical examination, and radiolegical studies
may be able tc provide sufficlent information for diagnosis of a
pain generator causing LBP, the need for specific diagnoses in
several cases still remains. Diagnostic interventions performed
under flucroscopic guidance by an experienced and knowladgeable
practitioner are required for patients who present a diagnostic
challenge.!® LBP, especially CLBP disorders, must ke considered
within a biopsychosccial framework. The presence and dominance of
the potential pathecanatomical, physicai, neurophysiological,
psychological and social factors that may impact on these

disorders is different for each individual with CLBP.

1.3 Traditional Chinese Medicine perspective on LBP

Traditional Chinese Medicine is based on a number of philosophical
concepts, one of which postulates that any manifastation of
disease is considered a sign of imbalance between the Yin and Yang
force within the body. Vital enexrgy (gi and blood) circulates
throughout the body along the so-called meridians, which have

either yin or vang characteristics.




The other one is nature consisting of five basic elements: fire,
wood, water, metal and earth. Body and mind have their

corresponding parts. This system is also called the Visceral

syndrome Differentiation Theory, which classifies five systems:
heart system, liver system, kidney system, lung system and spleen
system. These five systems are analogous of the five nature
elements viz. heart system 1is analogous with fire, kidney with

water, liver with wood, lung with metal and spleen with earth.

Another important theory is the Eight Principle Syndrome
Differentiation Theory. The Eight Principle Syndrome
Differentiation Theory classifies syndromes, using 4 different
dimensions: yin vs yang, exterior vs interior, cold vs heat and

deficiency vs excessive states.

These theories are «clinical reasoning tools for c¢lassifying
specific health states and syndromes, and for diagnosing
illnesses. By using these two classification systems on various
syndromes, diagnosis of dimbalance of these systems is made.

Subsequently, treatment can be planned.

Regarding to TCM, the low back region 1is under control of the
kidney system. The influence of kidney however flows throughout
the whole body affecting all parts. Bladder, for example is in the

flow path,




1.3.1 The TCM diagnosis of CLBP

TCM «clinical data collections include (1) observation, (2)

Tigtening and smelling, (3 interviey &L Synptonyg, (47 palpation

and pressure,

Diagnosis of disease by TCM is based on these clinical data
collection combined with the three cylinders theory (mentioned in
1.1.2). The explanations, however, contain a lot of subjectivity
of cliinician. TCM doctors use 4-~diagnosis to collect medical
records and they consider that everything 1is correlated. For
example there is an obvious correlation between skin colour and
the pattern of disharmony. Red colouration usually indicates
stagnation or heat, brown implies more chronic stagnation, purple
means stagnation of blood, and pale or even bluish indicates cold.
This situation commonly results in the “symptoms and signs” of the
disorder being treated without consideration for the underlying
basis for the pain disorder, Since the strongest evidence for
efficacy is largely empirical in nature, this leaves a diagnostic

and management vacuum.

The pain in TCM 1is considered as a blockage of meridians or
disorders of Visceral Syndrome Differentiation systems. Lower part
of the back is the home of the kidney and it is traversed by the
Bladder meridians. Therefore, LBP, being in lower part of the
back, would be the result of blockage of gi and /or blood of the
Bladder meridians, or disorders of kidney system. These can be

caused by three primary factors, one 1is derangement of either




wind, cold and damp, the other is disorders of the emotion and
another 1is injury. This conception is different from western

medicine which uses muscle, intervertebral disc and nerves to

explain the symptoms. '8

When these physical sensations are chronic, there are clearly
manifestations of some disharmony and imbalance. Further, there
are in addition to being an integral modality within the practice

of TCM.

Now 1in mainland China, all colleges of TCM have 50-60% course
within modern medicine. In Western Country, 60% of doctors
practicing Chinese acupuncture and TCM are western medicine
doctors as well. Whereas, more than 85% of practitioners
considered symptoms or signs were “very” or “exceptiénally”
important by TCM for making a diagnosis.!” They record and describe
patient’s pain characteristics or location, a cause that relieved
or exacerbated the pain, history of pain onset, and pratitioner’s

palpation findings in TCM term.!®
Classical categorization of LBP from the TCM point of view

According to TCM, LBP can be divided into four groups:

1 FERBUWE. BORRES, BIAR, BN, SRR SBEUREE R, s
i, 2, BEARRR, 0K, RREA SRRE, RERTETERDOR.

1 Cold/Damp TBP: This group is characterized by: dull low back

pain, movement-induced pain, pain worsened by cold, pain relieved




by warmth, body fatigue, feeling of cold in the extremities,
weakness of appetite, indigestion and flatulent, large tongue with

lightened colour and whiter and oily surface, deepened, tightened

or delayed pulse

2 RN B, AR, ARG R, T IR BB TR, SRS
B EAEIK, FREHEAR, B O BOTH, SAENE, s

2 Warm and Heat LBP: This group is characterized by: throbbing
pain on waist and hip area, local feeling of tightness and burning
sensation, worsened by hot weather or local heat, relieved by
cooling, thirsty but does not want to drink, deep vyellow or red
urine, afterncon fever and tiny drop perspiration, red tongue
colour with yellow moistened surface, fast but jerky or strong

pulse

3 FSMUESN: AmALME, SRR, EUMAVER), BEEE, REAER. AR,
ENENRERRY, AR, TSR, TR, K2 LA, WIRITE, #
50, L.

3 Qi and/or Bleod Stagnation LBP: This group is characterized by:
fixed pain, or radiating and swelling pain, or pin-pick like pain,
mild in day and worsening in night, or continuing pain, unable to
move or rotate, unbearable to pressure on the pain area, gloomy
face and dull lip, slightly blue tongue or with petechia, non-
smooth and tense or thread rapid pulse, lengthy course of pain,

usually accompanying trauma and injury.
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4 HRRER: ERUAREPCONE, BIREE, BEXA, BrEHE, Bk, WREER
fe. midE, WAoMEhs, Hetha, FANR, TR, WRuld, WBEE, Mobik

ﬁR; mizy%rﬁ_‘f'_' mﬁ.ﬁ}g—t, 7?/%)&\%1*, ;ﬁﬁ&-ﬁ’ Hﬁ;g—‘z—?ﬂiﬂu e s 1 i s

4 Kidney Deficiency LBP: dull pain, pain relieved by pressure and
massage, fatigue at leg and knee, pain worsened by movement,
relieved by bed rest, cften recurring. Subgroups of these include
yvang deficiency and yin deficiency. Yang deficiency is associated
with tightening of lower abdomen, pale face, feeling of cold in
the extremities, breathing with tiredness and fatigue, lighted
colour tongue, deepened and thin pulse; Yin deficiency is
associlated with perturbed and insomnia, dry mouth and throat,
flashing red face, heat in the central part of feet and hands, red

tongue and surface with little, tense and thin pulse.

The above «c¢linical descriptions are taken from classic TCM
teaching textbook. With clinical epidemiclogy and modern
statistics, there is an oﬁportunity to examine 1in-depth the
grouping of domain of symptoms of LBP. It may come up with a new

insight on the nature of these diseases.'®

1.3.2 TCM classification of CLBP

Current approaches or models used for the diagnosis and
classification of CLBP have continued to only refer to a single
dimension of the disorders of the lower back pain, limiting their
validity and integrated whole. Because of this, even when a
specific diagnosis c¢an been made, there 1is still a need to
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classify the disorder based on the TCM theories that drive the

pain disorder to ensure appropriate management.

One research in USA investigated %0 acupuncturists who practiced
TCM. They classified patients with CLBP into 8 syndromes: (i) qgqi
and/or blood stagnation, (2) any of four types of kidney

2 put there are only 4

deficiency and (3) wind/cold/damp, etc.
kinds of syndromes described in Chinese textbooks. So TCM about

CLBP symptoms and signs is no clearly and lack of scientific basis

for criterion of classification standard.

The primary aim of this research 1is to classify CLBP latent
symptoms and signs factors and cluster correlated subgroup
syndromes, After getting the results, we will use it as outcome to
measure the efficacy of TCM treatment and construct quality of

life result for CLBP.

1.4 The Delphi method

The names “Delphi” obviously comes from the Oracle of Delphi. She
sang her predictions, which she received from Gaia. The Delphi
method is a form of evaluation. It recognizes human judgment as

legitimate and useful inputs in generating forecasts.?!

The Delphi method recognizes the value of expert opinion,
experience and intuition and allows using the limited information

avallable in these forms, when scientific knowledge is lacking.

12




Questions are usually formulated as hypotheses, and experts’ state
the time when they think these hypotheses will be fulfilled. Each

round of questioning is follow by the feedback on the preceding

round of replies of other members of the group. It 1s believed
that during this process the range of the answers will decrease
and the group will converge toward the “correct” answer. After
several rounds the process 1is complete and the median scores

determine the final answer.

In general, the Delphi methed is useful in centralizing the
opinions in the panel. It avoids the negative effects of face-to-
face panel discussions and solves the usual problems of group
dynamics, and the panel director controls the interactions among
the participants by processing the information and filtering out
irrelevant content. At the same time, it allows them to freely
express their opinions, encourage open critique and admitting

errors by revising earlier judgments.??

In this study we will use modified Delphi method by consulting the
panel of therapists and experts on symptoms of CLBP based on TCM.
It will help us judge the main of domains factor in CLBP symptoms

and construct pools of symptoms and signs of CLBP based on TCM.

1.4.1 Modified Delphi method

1.4.2 Historical Background

The Delphi method aims to assess the direction of long-range

trends, with special emphasis on science and technology, and their

13




probable effects on society. The first applications of the Delphi
method carried out at the RAND Corporation was illustrated in the

publication by Gordon and Helmer (1964) to forecast the impact of

technelogy on warfare.,

In terms of tecnnology forecasting, Levary and Han (1995} stated
the objective of the Delphi method as to combine expert opinions
concerning the likelihood of realizing the proposed technology as
well as expert opinions ceoncerning the expected development time
into a single position. Later on, the notion of cross impacts was
introduced to overcome the shortcomings of this simplistic

approach.

Since the 1950s several research studies have used the Delphi
method, particularly in public health issues (such as, policies
for drug use reduction and prevention of AIDS/HIV) and education
areas., The Delphi method 1is an exercise in group communication
among a panel of geographically dispersed experts It has been used
since then in wvarious national foresight processes to design

roadmaps of future technological developments.??

The Delphi method has traditionally been a technique aimed at
building an agreement, or consensus about an opinion or view,
without necessarily having peocple meet face to face, such as
through surveys, questionnaires, emails etc. This technique, if
used effectively, can be highly efficient and generate new

knowledge.

14




To build consensus, the Delphli method often uses the Hegelian
dialectic process of thesis (establishing an opinion or view),

antithesis (conflicting opinion or view) and finally synthesis (a

new agreement or consensus), with synthesis becoming the new
thesis. All participants in the process shall then either change
their wviews to align with the new thesis, or support the new
thesis, to establish a new common view. The goal is a continual
evolution towards 'oneness of mind', or consensus on the opinion

or view.

1.4.3 Application of the Delphi method

The Delphi method is used to apply:

1 Forecasts a specific, single-dimension future issue

2 Consensus building

3 Avoid groupthink and spiral of silence

4 Generating creative ideas

1.4.4 The Basic of the Delphi Method

The bkasic of the Delphi Method describes the following ten steps

for the Delphi method: 2

1 Formation of a team to undertake and monitor a Delphi on a given

subject
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2 Selection of one or mcere panels to participate in the exercise
customarily, the panelists are experts in the area to Dbe

investigated.

3 Development of the first round Delphi questionnaire

4 Testing the questionnaire for proper wording {e.g., ambiguities,

vagueness)

5 Transmissicon of the first questionnaires to the panelists

6 Analysis of the first round responses

7 Preparation of the second round questionnaires (and possible

testing)

8 Transmission of the second round questionnaires to the panelists

9 Analysis o0f the second round responses (Steps 7 to 9 are
reiterated as long as desired or necessary to achieve stability in

the results.})

10 Preparation of a report by the analysis team to present the

conclusions of the exercise

A number of questions need to be asked before making the of

selecting or ruling out the Delphi technique:

What kind of group communication process is desirable in order to

explore the problem at hand?
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Who are the people with expertise on the problem and where

they located?

are

' What are the alternative technigues available and what results

reasonably be expected from their application?

1.4.5 Strengths and limitations

Strengths include

1 Rapid consensus

2 Participants can reside anywhere in the world

3 Coverage of wide range of expertise

4 Avoid groupthink

5 Forecasts the specific, single-dimension questicn
Limitations include

1 Cross impact is neglected in the original form.

2 Does not cope well with paradigm shifts.

3 Success of the method depends on the quality of participants.
4 One should watch out for:

Imposing preconceptions or monitor's own view

Tgnoring and not sufficiently investigating disagreements

17
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Underestimating the demanding nature of the Delphi method

The key problems reported include: poor internal consistency and

reliabilify of judgements among experts, and therefore low
reproducibility of forecasts based on the results elicited;
sensitivity of results to ambiguity and respondent reactivity in

the gquestionnaires used for data collection; difficuity in

assessing the degree of expertise held by participating experts. 23

1.4.6 Assumptions of the Delphi method

1 Well-informed individual, using their insights and experience,
are better equipped to predict the future than theoretical

approaches or extrapolation of trends.
2 Complex problems
3 Participating experts have no history of adequate communication.

4 Experts should represent diverse backgrounds with respect to

experience or expertise.

5 Disagreements are grave or politically unpleasant.

1.4.7 Application of the Delphi method to cur research

After a list of symptoms and signs is generated through literature

review of the standard TCM textbooks, the method will be applied,
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1.5 The facter analysis to CLBP symptoms and signs

1.5.1 Factor analysis

Factor analysis is applied as a data reduction and/or structure

detection method,?8

The factor analysis is classified into exploratory factor analysis
(EFA) and confirmatory factor analysis (CFA). The exploratory
factor analysis (EFA) is used to summarize data by grouping
together variables that are intercecrelated. The direct purpose of
exploratory factor analysis 1s to reduce a large set of variable
in to a smaller number of factors so that they may be described
and used easily. The confirmatory factor analysis (CFA) tests
hypotheses about the structure of variables, and may follow an
exploratory factor analysis or come directly from theory. The
factor analysis procedures are extraction, rotation, addressing

the number of factor and calculating the factor score.?

Factor analysis is used toc define a set of latent factor that are
responsible for covarliance among a group of symptoms and signs. It
is the most common approach for grouping symptoms and examining
the relationship among a number of variables based on the matrix
of correlation coefficients between the variables. In the current
study, the symptom of patients with CLBP will be analyzed by
exploratory factor analysis to group symptoms and signs. Tater
cluster analysis will be used to identify different groups of

CLRBP,2®
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1.5.2 History and concept

The term "symptom” refers to a single subjective indicater of

disease or physical disturbance. In fact, from the Middle Ages to
the late 19th century, symptoms were generally thought of as the
bodily or mental phenomena that constituted specific illness. In
the 20th century, it became known and accepted that underlying
pathophysiologic mechanisms were responsible for the pattern of
symptoms that typified different diseases. As the diagnosis of
diseases became more sophisticated, symptom-based diagnostic
criteria were supplanted by laboratory and imaging tests and

symptoms have received less attention.?®

However, symptom observation continues to play a role in the
identification and development of diagnostic criteria for some
mental illnesses and chronic diseases. Symptom observation is

developed by selecting homogeneocus groups of clinical.

Characteristics, primarily symptoms, and defining the diagnosis on

the basis of treatment response and/or specific ocutcomes.

The most common approach for grouping symptoms and signs is factor
this latent factor would covary more strongly with each other than
they wounld with symptoms that are affected by a different latent

factor.

The factor analysis can be executed with different methods using
principal  factor, principal axis  factoring, least  squares

approach, maximum likelihood, alpha factoring and image analysis
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criterion, and displays the eigenvalues and the factor loadings or

eigenvectors, etc., This procedure 1is also called methods of

extracting initial factors.

Rotation modifies the results of the initial factor solution to
create a set of loadings that are more interprétable for factors
or easier pattern of factor loadings, while keeping the number of

factors. There are two rotation methods. One is the method of

‘orthogonal rotation and the other is obligue rotation.

There are many distinct alternative rule to detect the number of
factors include: significance tests, eigenvalue specification,
criterion of substantive importance, scree-test and criteria of

interpretability and invariance, etc.

If the researchers want to use one or more factors as variables
for another study, they need to create factor scores. Factor score
creates a set of new variables that are estimates of the factors
produced by factor or rotation. It can be examined by many methods
such as regression estimates, the least squares c¢ritericn,
Bartlett's method of minimizing the error variance, Anderson-
Rubin's method of estimates with orthogonality constraints, simple
summation of wvariables with high factor loadings and creation of

principal component scales, etc.?®
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1.5.3 Strengths and limitations

Factor analysis strengths answer the question "is the data

consistent "WitH  TtThHe dafifitien of "Eonigtruct 1t g ngant to be

tapping?”

Limitations is when the factor solution cannot be interpreted, the
computation results are seriously limit.*

1.5.4 Application:

Factor analysis application tries to
1 determine how many latent variables underlie a set of items

2 explain variation among many items (e.g. 25 items or variables)

by using few new variables (factors or latent variables).

3 define the substantive content or meaning of the factors {(latent
variables) from the items that make up those factors.
1.5.5 Assumptions:

Bivariate normal distribution for each pair of variables, and
observations should be independent, Variables are determined by
common factors and unique factors. Unigue factors are uncorrelated
with each other and with the common factors.

1.5.6 Data:

Quantitative at the interval or ratioc level
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Categorical data are not suitable for factor analysis. However,
the technique is applicable to dichotomous, on ordinal data 1f the

_appropriate correlation method is used with some special methods

of estimation.

1.5.7 Software

LISREL is a known popularly software in factor analysis, the other
common software is SPSS, SAS and R, etc.

1.5,8 Sample size

Although there 1is general agreement that large samples are
imperative for stability of factor analytic results, there is no

agreement as to what constitutes large.

"at least 200 subijects”; "a good rule is to have at least 10 times

as many subjects as variables"; etc.™

1,5.9 Reliability

Tt is the proportion of variance of scale attributable to a common
source, presumably true scores of latent variables.

1.5.10 Internal consistency

Homogeneity of the items within a scale

If items of a scale have a strong relationship to their latent

variable, they will have a strong relationship to each other,
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Cronbach's alpha is the most widely used reliability index.

Alpha = 1 - error variance {the proportion of total wvariance scale

éftribﬁtablemto true scores of latentmGériables} with range from 0O

to 1, based on covariance matrix or correlation matrix,

1.5.11 Examples of similar studies with factor analysis in group

of symptoms and signs

For example, in a recent study of symptoms among subjects with
unexplained c¢hronic fatigue,™ conducted dichotomous factor
analysis of 21 chronic symptoms {items) . Three factors
(musculoskeletal, infecticn and cognition-mocd-sleep) emerged. The
symptoms with item loading higher than 0.35 were regarded as
symptoms in the group, the three factor solution accounted for

74,4% of the item variance.

1.6 The cluster analysis

The c¢luster analysis, also called segmentation analysis or
taxonomy analysis, 1s a rather loose collection of statistical
methods that is used to assign cases to groups {clusters).’® Group
members share certain properties in common and it is hoped that
the resultant classification will provide some insight into a
research topic. The classification has the effect of reducing the

dimensionality of a data table by clustering the number of cases.”
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Most cluster analysis techniques are hierarchical, 1.e. the
resultant classification has an increasing number of nested

classes. The result resembles a phylogenetic classification.

Cthers are non-hierarchical methods, for example k-means
clustering. The non-hierarchical c¢luster analysis must be
specified in advance the desired number of agglomerative seeds
(cluster). Initial cluster centres are chosen in a first pass of
the data, then each additional iteration groups cbservations based
on nearest distance to the mean of the cluster. Cluster centres
change at each pass. The process continues until cluster means do
not shift more than a given cut-off value or the iteration limit

is reached.

Tn cgonclusion, cluster analysis is an exploratory technique that
it is used to “discover” underlying groups of individuals who are
similar in their symptoms and signs. It will be used to examine
symptoms and signs patterns in the populations of CLBP and

identify subgroups of individuals.

1.6.1 Cluster analysis CLBP symptoms and signs

The term "cluster" suggests the formation of an aggregate of
symptoms that are related to each other in a logical or
predictable way. Cluster analysis groups individuals with similar
symptoms patterns. It could identify subgroups of individuals who
have similar profile. So 1t is widely used to examine symptom

patterns in other chronically ill populations.
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The investigation of symptom clustering is in an early stage of
testing empirically whether the characteristics defined can be

_observed in the TCM contexts., Identification of symptom clusters

in TCM patients <could vyield important information for the
assessment and management of  symptoms. For example, the
identification of key symptom  clusters would allow  for
prioritization of symptoms for assessment, management and follow
up. Understanding of key symptom clusters would also provide new
avenues for interventions to minimize the impact of symptoms on

health-related outcome.®

1.6.2 Strengths and limitations

Strengths Limitations
Hierarchical Can be clustered | The aﬁalyst can choose
cluster according to case or | to cluster by case or by
according to | variable, Used only for
variable. Scale of | relatively small samples
variables can be | (< 250)

interval, counts and
Generates all possible
binary
cluster of sizes 1.k The
optimum number of
clusters is not well

computerdefined and

depends on the research

26




purpose

K-means cluster Can be rapidly | The desired of number

calculated  even | clusters must be
(non-hierarchical}
large simple size specified in advance
suitable for continuocus
Much less computer-
variable only
intensive and
therefore sometimes
preferred when

datasets are very

large (ex.>1,000)

1.6.3 Application:

Cluster analysis helps to identify homogenecus subgroup of cases
in a population. It also helps to identify a set of groups which

both minimize within-group variation.

In hierarchical clustering, every case is initially considered a
cluster, and then, two cases with the lowest distance (or highest
similarity) are combined into a cluster. The case with the lowest
distance to either of the first two is considered next. If the
third case is closer to a fourth case than it is to either of the
first two, the third and fourth cases become the second two-case
cluster; if not, the third case is added to the first cluster. The
process is repeated, adding cases to existing clusters, creating

new clusters, or combining clusters until all ciusters are in one
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cluster. This procedure of hierarchical cluster analysis uses

either agglomerative or divisive clustering strategies.

fn kimesns elustering,Fhis e TR T Ere TSR A eRTaaT

clustering in many ways. In particular:

There is neo hierarchy, the data are partitioned. The user will be
presented only with the final cluster membership for each case,.

There 1s no role for the dendrogram in k-means clustering.

The user must supply the number of clusters (k) into which the

data are to be grouped.

At the end of the analysis the data will be split between Xk

clusters (where the user decides what value tc assign to k).

1.6.4 Software

Common software supports to cluster analysis including R, SPSS and

Stat, etc.

1.6.5 Current research

While symptom clusters are useful in creating diagnostic criteria
foer many diseases or syndromes, the processes that lead to symptom

clusters are complicated.

Qur research is using this technigue to cluster CLBP patient into
various subgroup, and interpret in the essential of TCM theory. In

this project which is considered an exploratory phase, we will use
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cluster analysis and factor analysis. The results of both

analyses, however, will be compared to draw conclusion.

1.7 PBRackground of the author and his home institute

It took five years for the author to graduate Bachelor degree of
acupuncture and moxibustion from Guangzhou University of Chinese

Medicine. The author has been working on acupuncture teaching and

out-patients c¢linic work in Yunnan University of Traditional
Chinese Medicine since 1996. He had graduated at Master-degree of

Traditional Chinese Medicine.

His former research activities were related to the treatment of
pain, menopausal syndrome and diabetes II using acupuncture and

massage.

As an acupuncturist, the author has been facing with chronic low
back paln patients in everyday. The hospital that he was working,
Number 2 Affiliated Hospital for Yunnan University of TCM has a
wide wvariety of CLBP patients. Since classification of CLBP
patients has not been standardized, having opportunity to learn

advance statistical techniques inspired him to coduct this thesis.
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Chapter 2

Manuscript I: Application of Delphi technique
in identification of appropriate screening
questions for chronic low back pain from

Traditional Chinese Medicine experts’ opinions

This manuscript was published in The Journal of Alternative and

Complementary Medicine
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1. Abstract

OBJECTIVE: The goal of the present study was to obtain a standard

list of Traditional Chinese MediéiﬁémYECM} symptoms and signs for
screening chronic low back pain (CLBPE) from a group of experts and
to assess agreement and consistency among their opinions on the

items of a questicnnaire.

DESTGN, SETTINGS, AND SUBJECTS: The study design involved three
rounds of modified Delphi technique, and it was carried out by 13
experts in orthopedics, massage, and acupuncture working in four
hospitals affiliated with Yunnan University of Traditional Chinese

Medicine, China.

OUTCOME MERASURES: The outcome was measured on the 5-score Likert-

scale self-administered checklists.

RESULTS: A review of eight textbooks i1dentified 12 pain
characteristics, 11 associated factors, and 25 physical and tongue
diagnostic expressions as important factors in the TCM diagnosis
of cLBP. These 48 diagnostic characteristics were rated by 13
experts as "not important® to "very important™ on a scale of 1-5.
After three rounds of rating, 13 characteristics were eliminated
from the list, with the final numbers for each group being 8, 11,
and 16, respectively. Seven items based on Western medicine were
also added by the experts. The intra-class correlation (ICC)
coefficient for agreement among the experts was 0.2 at the end.

Intra-rater, between rounds, consscutive pair-wise median kappa

37




values were 0.53 and 0.66. Analysis of variance using items
appearing in all three rounds revealed significant effects of

expert and group of symptoms and signs {p < 0.001) and

nonsignificant differences among scores of the same expert in the
three rounds (p = 0.97). Mean score of physical and tongue
expressions were significantly (p < 0.001) lower than that of all

other groups of symptoms and signs.

CONCLUSIONS: Modern TCM experts have de-emphasized the items on
physical and tongue expressions and have adopted instead those
from Western medicine. Intra-expert agreement across Iitems was

low, and each expert tended to stick to her/his original opinions.

Key words: chronic low back pain, traditional Chinese medicine,

Delphi technique
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2. Introduction:

Chronic low back pain {(CLBP) manifests as pain, muscle tension, or

métiffness of more than 12 weeks localized below the costal margin
and above the inferior gluteal folds, with or without leg pain,
and is not attributed to recognizable pathology.? In the United
States acupuncture was reported to have been used by 11% of
patients with back pain.? In the United Kingdom 35% of these
patients used complementary and alternative medicine (CAM).' In
Germany, it was estimated that a total of about 227,000 patients
have CLBP as their primary indication for acupuncture.® With a
lifetime LBP prevalence of 51-79% in the western industrial
societies,® and the popularity of alternative medicine for this
problem, Traditicnal Chinese Medicine (TCM) theory related to

diagnosis of CLBP could be important for CAM practitioners.

The principle of making TCM diagnosis 1is based on pattern
discrimination of symptoms and signs. A survey in US reported that
among 50 acupuncturist respondents as many as 11 TCM patterns of
diagnosis of CLBP were made in their practice.” Among 8 TCM
textbooks reviewed by us, six described the same six patterns of

1LBP; the other two had their individual difference patterns. **°

TCM practice is based on both theory and practical experience. It
is not known how many and which parts of items appearing in the

textbooks are actually accepted and practised by experts.
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A checklist of symptoms and signs from the textbocks which is
agreed upon by most of the experts would be useful as diagnostic

inclusion/exclusion c¢riteria in «c¢linical practice and Zfuture

research.

Pelphi technique has been used widely in summarizing experts’
opinions in all fields where consensus has not been reached. Over
900 research papers, retrievable from Medline reported the use of
this technigue within the past ten vyears in the human health

field. These included its use in TCM problems.'¢'®

In brief, the process of Delphi technique includes 3 stages.
Firstly, the opinions of a group of experts are sought based on a
self-administered guestionnaire which guarantees anonymity of
respondents to eliminate the influence of peer pressure. Secondly,
there is a feedback system to allow the respondents to compare
theilr wview against a statistical summary of the group’s view.
Finally, this process is repeated until opinions are stable,'???
While Delphi technique depends a lot on rating of importance of
the items proposed by the research and the expert themselves,
rather few studies explored deeply the nature of agreement within
the same experts among different rounds and among different
experts in each round. This information is important because it

can assist the researcher to judge whether the opinions obtained

from Delphi technique are really reliable.
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The current research aimed to extract useful symptoms and signs of
CLBP in TCM among a group of experts with the three-round Delphi

technique. The primary objective was to construct a set of

screening questions for CLBP patients., These symptoms and signs
will be used to construct a set of screening questions for chronic
low back pain patients 1in subsequent studies. In addition, a
subsidiary objective was to examine agreement and consistency

among the experts’ opinions on the items of questicns.

2.1 Materials and Methods

2.1.1 Explicit criteria development:

Firstly, an extensive literature review was performed to come up
with symptoms and signs of CLPB potentially used in TCM. From
eighteen TCM textbooks of internal Medicine, the word “Low back
pain” was available in eight chapters. Altogether, there were
forty-eight symptoms and signs identified, which «could be
categorized intc three groups: pain characteristics ({12 items},
assoclated facteors (11 items) such as weather, other physical and
tongue expressions and pulse characteristics (25 items). A self-
administered checklist questionnaire was then developed for expert
rating. Each symptom and sign could be rated on a 5-score Likert-
scale ('"not dimportant®=1, "slightly important"=Z, "of medium

importance"=3, "highly important"=4, “very important”=5).

In the process of expert selection, it was learned that

approximately 95% of outpatients with CLBP are served by three
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types of department, namely Orthopaedics, Massage and Acupuncture,
in the four hospitals affiliated with Yunnan University of TCM,

which are located in Kunming and Yunxi. From these institutes, 14

clinicians with over fifteen years clinical experience and holding
the position of assoclate professor or full professor were invited

as the experts. Thirteen of them participated.

Data collection was carried out during July - September, 2007. In
the first round, the selected experts were provided with the
aforementioned forty-eight items of the checklist. Within three
weeks, the rated guestionnaire was collected back together with
suggaestions for revision and addition of items. The returned items
with a mean score less than twoe were deleted. For the second
round, items receiving a score cof 2 or more in the first round
were re-circulated to the experts with disclosure of the first
round mean score of each item. In addition, the revised and
additional items were also listed for scoring and comments. The
second round questionnaire was collected within three weeks after
sending. The third round was conducted in a similar manner, and
was followed by separate in-depth interviews of seven experts who

agreed to give verbal opinions.

2.1.2 Statigtical methods

Descriptive statistics on each item in each round were computed.
Only the 36 items kept in all three rounds were used for agreement
analysis. Inter-rater agreement was assessed among different

experts on the same round using the two-way Iintra-class
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correlation coefficient (ICC) as defined by the ratio of the
inter-item wvariance to the sum of the inter-item variance, the

inter-expert variance and the residual variance.?! In addition, the

level of agreement within same expert in different rounds was
computed using linear weighted kappa statistic.?? Effects of
variation of round and expert on score were examined with analysis
of variance [(ANOVA}. From the last round, mean and 95% confidence
interval (CI) of scores of groups of symptoms and signs were
compared. Statistical significance was set at p < 0.05. Data were
computerized with the EpiData 3.1 and analyzed with R 2.6.1,%
kappa analysis was computed with “Epicalc” package version
2.6.1.5,%* and ICC with the package “Psy” version 0.7.? Strength of
agreement using kappa was defined as: very good (0.81 -1.00), good

{(0.61 - 0.80), moderate (0.41 - 0.60), fair (0.21 - 0.40) and poor

(%0.20).

3. Results

The rating experts consisted of ten males and three females. Five
were full professors and eight were associate professors. Seven
were orthopaedists; the others six were acupuncturists and massage
specialists combined. They had an average age of 44.9 years

{8D=7.3) and average working experience of 22.9 years (SD=7.0).

In return from the first round, ten compesite items combining
pulse and tongue were revised by six experts with pulse components

removed (Table 1). Twelve other items had a mean score of less
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than two and were removed. Fourteen new items including five

meridian—~related and nine other items which included symptoms and

signs from modern medicine were added by six experts, resulting in

fifty items in the second round. At the end of the second xound,
eight experts further suggested changing of meridian location into
standard anatomy and raised the importance of modern imaging
technology such as CT and MRI. In additicn, tongue items were
revised to be more specific. With these revisions, 43 items were
obtained. During the third round, one item related to tongue was
deleted as its mean score was less than 2. Six items related to
tongue wWere finally revised. The final number of items coming out
from the third round was forty-two. They are marked with double
asterisks in the last ceclumn of Table 1. Thirty-six of these had
been unchanged throughout the three rounds (marked by single
asterisks on the second to last coluwmn) and were used in the

analysis of agreement and ANOVA,

The numbers of items in each group over different rounds are
summarized in Table 2. The group of physical and tongue
expressions proposed initially was finally substantially reduced.
For the group of modern medicine which had not been initially

proposed, as many as seven items were added.

Table 3 summarizes inter-rater and within-rater agreement. The
levels of inter-rater agreement as reflected 1in the ICC are
generally low. The coefficients slightly increased in the 3rd

round, suggesting more consensuses among the experts at the end.
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Between-round intra-rater agreements as reflected by pair-wise
kappa value were moderate in the first transit {lst vs. 2Z2nd round)

and good in the second transit (2nd vs. 3rd round).

Table 4 summarizes the effects of expert, group of symptoms and
signs and round in the ANOVA model. Effects from variations among
experts and among groups of symptoms and signs were highly
significant (p<0.00i), whereas that from variation across rounds
was minimal (p=0.97). Thus, experts did nct have high agreement
among themselves and symptoms of different groups were not equally
important. On the other hand, the opinions of the same expesrt on

the same item were consistent among different rounds.

Table 5 compares means and 95% CI of score in the third round by
group of symptoms and signs. Mean score of physical and tongue
expression group was significantly lower than that of all other

groups. There were no other significant differences.

4, Discussion:

This study constructed a set of screening questions for CILBP
patients and demonstrated differences in how TCM texts and experts
explain the importance of various symptoms and signs of CLBP.
Physical and tongue expressions which were typical TCM in the
textbook were considered the least important for CLBP by experts.
In addition, diagnosis based on modern medicine often mentioned in
TCM textbooks was well accepted by the experts. The rating

experts’ opinions, however, showed low agreement with each other
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as shown by the low ICC of 0.2. Each tended to stick tc his/her

original opinion with little change toward consensus.

After a review of 16 TCHM articies on differential diagnosis on
LBP, Birch & Sherman reported that 11 of these bocks pointed to
the etiology of coid/damp, 10 to blood stasis and 8 to kidney yang
vacuity and kidney vin vacuity. Other eticlogies were not
consistently found in these articles.?® Over 40 out of 50
acupuncturists who responded on the same issue in a survey by
Sherman et al. rated that important symptoms and signs were: pain
quality and location, aggravating and relieving factors, findings
from palpation and history of pain onset.’ Similar findings were
observed in ocur data, although western-medicine-based items such
as classification and position of pain on the lumbar disc were
considered more important than points in the meridian. Moreover,
pulse and tongue manifestations, which are a classic diagnostic

approach of TCM, were rated as not much relevant to CLBP.

In the US, physician-licensed acupuncturists were reported to less
commonly use various TCM measures to treat CLBP than their non-
physician counterparts.?’ That our informants tended to adopt
western medicine in diagnosis of CLBP may be explained by the
general adaptation of TCM in China toward western medicine due to
the need for modernization and standardization. ?® However, the
items consistently considered as important were still associated

factors to LBP, which is typical TCM.
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Poor agreement among cut experts in choosing important items to
diagnose IBP is also consistent with findings in the US, where

acupuncturists poorly agreed on diagnosis of the same set of LBP

patients under a Latin-square independent assessment. ** Poor
agreement was also observed by 4 TCM therapists on 39 irritable
bowel syndrome patients (kappa value was 0.32),% on 39 rheumatoid
arthritis patients by 3 TCM US practitioners (kappa ranging from
0.23 to 0.30),% and on 37 patients with frequent headache by 3 US

32 The difference between our study and the

practitioners.
aforementioned studies was that ours was based on agreement on
theory whereas the others were based on treatment of real

patients. Perhaps, pocor agreement on theory may lead to failure to

agree in practice.

In 1996 , China carried out the Classification and Coding of
Diseases in Traditional Chinese Medicine (TCM) , which has 1624
TCM names of diseases and syndromes. Out of these, 1027 came from
a summary of 78,605 in-patients’ medical records. None of these
involved CLBP. More recently, in 2002 the state administration of
TCM of the Chinese passed a regulation that in-patients’ medical
records must use the TInternational Classification of Disease (ICD)
code in addition to TCM diagnosis. However, these attempts have
been confined to in-patient classification. CLBP is typically on

ampulatory problem which has never been tackled.
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5. Conclusion:

Decreasing role of TCM in explaining LBP and low agreement among

expértsfméﬁinionénon the importance of checklist items indicate

the need to conduct further studies to scolve these problems.

FPinally, this study invelved a relatively small number of experts.
The findings that some of the TCM theory is playing a decreasingly
important role in LBP diagnosis and that the level of agreement

among the experts was low should be confirmed by further studies.
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Table 1 Mean score of symptoms and signs in three rounds

ITtems

 Pain characteristics

cold-type pain

het-type {burning) pain

distention pain

piercing pain

colic

Tension pain

Cutting pain

aching pain

Traction pain

vague pain

Swelling pain

dull pain

radiating pain
Associated factors

activity limited by feeling

Relieved by warmth

Worsened by warmth

Worsened by rain

Worsened by wind

lumbar fatigue requiring

Overwiork strain

lumbar and flank stiffness

Worsened by emotion

Feeling prick

local tenderness

numb and pain

recurrent vague pain

Physical and tongue

.62+1.66
.54%1.81
.621+1.39
.4631.45
.77£1.09
.8541.77
L9241 .44
Aek1,71
341.91
3.624:1.45
2+1.35
1.4641.45

W = NP W W NN

3.3841.71
4.08:+0.95
3.62+1.26

3.23+1.64

4.15+0.99
4.46+0.88
2.31%1.6

2.69+1.8
3.23+1.79
3+%2
3.54+1.81
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1st round

Z2nd round

.38+%0.87
.46340,78
.6211.26
.9241.04

W W W W

3.15+1.86

3.6940.95
3.3841.8
3.23:£1.59

l.38i2.06

3.5441,33
4.23:10.93
3.08+1.71
2.62+1.85
3.234+1.24
4.15+0.99
4.384+0.87
2.92%1.61
1.46%1.66
2.23+2.01
4.15+0.9
3.46%1.71
3.62£1.5

3rd rcund

3.46%0.88

3.46%0.78
4+0.58

3.8540.99

3.3141.6

3.85:40.99
4.15:£0.9
3.1541.46

L771k0.93
.3810.65
.85+1.68
.54+0.88
.5441.45
.15+0.99
44+0.91

3.6241.04

W W N e W

3.92+1.38
4,15+0.8
4.0810.86

*k

*

*k

*k

* &

E




Ltems

1st round

2nd round

3rd round

weak pulse (a)

reduced amount and red 2.69+1.6
urine

Fever 2£1.58
throat red and swelled 2.15-+1.46
dysphoria with feverish 1.92+1.26
sengsation in chest, palms

Inscmnia 231.47
dry mouth 1.85+1,07
dizziness 1.77+1.24
thirst without desire to 2.31%+1.6
drink

cold and weak extremities 2.54+1.76
History of injury 4,69+0.63
Heavy head and dizzy 2.15+1.57
sputum 241.53
pallor face 34%1.53
Discolour lip and nail 2.38+1.8
Pu meridian

the first left bladder

meridian

the second left bladder

meridian

the first right bladder

meridian

the second right bladder

meridian

white tongue and slow pulse 2.15+1.52
{a)

yellow tongue and string 1.9241.38
pulse (a)

greasy tongue and floating 2.23+1.59
pulse (a)

yellow or red tongue and 2.15k1.46
prickly (a)

tongue cecating thin and 1.85+1.32

2.3841.5

2.08+1.5

2.1541.52

2.7741.64
4.1541.34
2.15%1.46

2.544+1.56

C2.3841.61

1:4+1.58
2.924+1.98

3.15+2.03

3%2

3%£2.24

2.381+1.45

2.31+1.55

2.62%1,66
4.46%0.88
2.77+t1.36

2,54+1.45
2,38+1.5

* * &

* * %
* * %
* * %
* * K
* *
* *k




Ttems 1st round

2nd round

3rd round

tongue greasy and deeply 2,084+1,44
weak pulse (a}

pulse (a)
ecchymosis on tongue (a) 3.15+1.86
white tongue and slide 2.2341.69
pulse ({(a)
red tongue and string 2.15+1.57

thready pulse (a)

White tongue (b)

greasy tongue ({b)

yellow or red tongue(b)
light red tongue (b)
ecchymosis on tongue ({b)
white tongue (b)

red tongue (b}

tongue color red tongue

(c)

tongue color white tongue 2.15+1.52
(c)

tongue color purple
tongue (c)

tongue coating color white
tongue coating (<)

tongue coating color
yellow tongue coating (c}

tongue coating color gray
tongue coating (c)

tongue coating quality
thick tongue coating {c)

tongue coating quality
thin tongue cecating {(c}

tongue coating quality 2.0841.44
greasy coating (c)

Symptoms and signs from
modern medicine

Worsened by lying down
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461

NN N NN

.23%1

N

2.54+1.

3.31+1,

L1541,
.69t
.1541.

.39
L5431,
.15+1.

51
52
52
93
52

.59

.39
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2.5431.45

2.6941.55

2.544+2.07

2.38+1.71

2.92+1.5

1.69+1.44

3.08+1.55

2.46%1.45

3.15%1.63

3.77+0.83

*

*

* %

* &

* &

* %

*¥k

& &




Items 1st round Z2nd round 3rd round

Can walk for one kilometer? 3.31+2.1 4.23+0.6 **
Position of pain No. lumbar 4.154+0.8 **

cm
anteflexion limitation 3.544+1.33 3.9240.64 **
extension limitation 3.62+1.33 4+0.71 *k
left lateral bending 2.85%1.41 3.38+1.04 **
2 * %

right lateral bending .92+1.38 3.38:k1.04

Lifting leg test 2.92+2.14

Abbreviations in order of appearance in the table (from left to
right): “*“ Items used in ANOVA in Table 4. “x* Ttems kept in
the final stage. (a) Items related to tongue and pulse diagnosis,
appeared only in the £first round; (b) Items related to tongue
diagnosis, revised in the second round; (¢) Ttems related to
tongue color, tongue cecating color and tongue coating guality

described in the third round
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Table 2 Numbers of items remaining at the end of each round

Group Tnitially Round Reound Round
proposed 1 2 3
Pain characteristics 12 9 8 8
Associated factors 11 13 11 11
Physical and tongue expression 25 21 17 16
Symptoms and signs of modern 0 7 7 7
medicine
Total 48 50 43 42
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Table 3 Intra-class correlation coefficient {ICC) agreement among
experts in each round and pair-wise between-round intra-expert

lst round 2nd round 3rd
round
ICC Agreement 0.129 0.120 0.200
Comparison pair-wise within same 1st vs 2nd 2nd vs 3rd
expert?
Median (IQR) 0.53 (0.35, 0.64) 0.66(0.55, 0.84}

Abbreviations in order of appearance in the table (from left to

right): = palr-wise linearly weighted kappa statistic; IQR =

inter—quartile range
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Table 4 Analysis of variance {(ANOVA) by expert, group of symptoms

and round.

Df Sum Mean F value Pr{>F}
Sguare Square
Expert 12 287.52 23.96 22,75 <0.001
Group 3 89.69 29.90 28.395 <0.001
Round 2 0.06 0.03 0.02 0.97
Residuals 1269 1336.14 1.05

bbbreviations in order of appearance in the table (from left to

right}: Df= degree of freedom
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Table 5 Mean score and

the third round

95% CI of each group symptoms and signs in

Mean? 95%CT
Pain characteristics 3.71 (3.5, 3.9)
Associlated factor 3.91 (3.7, 4.1}
Physical and tongue 3,02 (2.8, 3.3)
Modern medicine 3.81 (3.0, 4.0

* Values not having a superscript in common differ significantly at

P < 0.001; CI = confidence interval
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Chapter 3

Manuscript II: Factor Analysis on Symptoms and
Signs of Chronic Low Back Pain Based on

Traditional Chinese Medicine Theory

This manuscript has also been submitted in the Journal of

Alternative and Complementary Medicine
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Abstract

Objective: To use factor analysis to explore patterns of symptoms

and signs from patients with chronic low back pain (CLBP) based on

the traditional Chinese medicine (TCM} theory.

Design, settings, and subjects: A cross-sectional study was
carried out among 513 patients with CLBP in four hospitals
affiliated with Yunnan University of Traditional Chinese Medicine,

China.

Outcome measures: 31 symptoms and signs on a 6-level self-report

questionnaire.

Results: Four factors were extracted. They were eventually
interpreted as (1) “gi and/or bleced stagnation’”, which includes 8
items such as piercing pain; activity limited by feeling of local
heaviness, lumbar and flank stiffness with bending limitation and
purple tongue etc., (2) “cold/damp”, which has 7 items for example
cold/damp pain, pallid face and greasy coating, etc., (3) A part
of “kidney deficiency”, which includes 2 items - “dull pain and
recurrent vague pain”, (4) “warmth/heat”, which is related to 3
items wviz. yellow tongue ccating. The four factors accounted for
12.7%, 8.2%, 8.2% and 7.8% of the total wariance, respectively.

There are 7 items with uniqueness cover 0.8.

Conclusions: Four TCM major groups of pathophysiology could
explain 37% of wariance of 31 symptoms and signs of the CLBP

patients. Thirteen items are not groupable.
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Key words: factor analysis; symptoms and signs; chronic low back

pain; traditional Chinese medicine

65




1. Introduction

Low back pain (LBP) is defined as pain localized between the 12th

rib and the inferior gluteal folds, with or without leg pain. 90-
95% cases are non-specific LBP, with no known underlying
pathology. According to duration time, c¢hronic LBP (CLBP) has
duration of more than 3 months, or occurs episodically within a 6-

month period. ¢

CLBP 1is a major health problem in modern society. Reported
lifetime prevalence varies between 51%-79%. At any one time, 12%-
30% of adults in the western industrialized societies would have
CLBP. ** In a national survey in FEngland and Wales, 40% of the
adult population reported having experienced back pain within the

preceding 12 months, °

CLBP poses an economic burden te society, mainly in terms of the
large number of work days lost (indirect costs) and direct
repeated treatment tand diagnosis costs. In Australia, CLBP was
estimated to incur 1025 million AUD of direct and 8149 AUD of

indirect costs in 2001. These two figures in UK in 1998 were

£1,632 mitlion and £10,700 million, respectively. ®°

Complementary and alternative medicines (CRM) (including
acupuncture and massage) are attributable to 2% of cost for CLBP
care, "% However, diagnosis of CLBP by TCM has not been fully

standardized. There are many symptoms and signs required to be

examined by the c¢linician. Yet the TCM theory behind CLBP has
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never been quantitatively supported by data.’ As the disease is an

important health burden, there is a need to examine the underlying

factors of this condition so that future TCM research on this

disease could be carried out.

Factor analysis 1is a modern statistical method. It 1s used to
examine the underlying factors that could explain the variation in
items presented. The number of underiying factors is smaller than
the number of items in the data. These factors identified can be

used for further theory development.!®

When certain symptoms and signs co-appear, they may indicate
certain underlying pathology. For example, pain, heat, tenderness
and swelling suggest inflammatory process. Items of symptoms and
signs that tend to co-appear have a common underlying factor. A
factor must be loaded with more than one item. In the other
direction, an item can be loaded to more than one factor. Factors
that share certain common items will be slightly correlated but
ideally the correlation should be minimized. Items that are not
loaded to any factor are said to have high uniqueness. In reality,
there would be a mixture of factors and unique items of symptoms
and signs of diseases. Factor analysis is done to identify these

factors and unique items.

The objective of the present study was to identify underlying
factors in TCM theory that can cover symptoms and signs of CLBP.
The knowledge from this study can allow TCM practitioners to gain

better insight into the theory that can explain CLBP.

67




1.1 Materials and Methods

This study was a cross-sectional study conducted at outpatient

departments ot A T RGEPItATS TATEITiated TWITH  YUNREAN TURNIVEESILY TOT
TCM. Three of them were in Kunming city and the other in Yuxi
city. Subject inclusion criteria were: (1) suffering from low back
pain for at least 3 months; (2) aged at least 18 years and less
than 75 years; (3) being able speak Mandarin or local language.
Exclusion criteria included: (1) history of Dback injury or
surgery. {(2) physical examination suggested organic diseases, such
as having positive straight leg raising test (<60 degree), fever,

etc.

A questionnaire was previously developed by a Delphi study using

! which eventually contained 31 items assembled from

local experts,1
textbooks and a group of experts’ opinions. Each item was to be

subjectively rated on a 6-choice Likert-scale from 0 = absent, 1 =

1-20% of the maximum, 2 = 21-40%.. 6 = 81-100% maximum) .

1.2 Statistical analysis

Descriptive statistics, including frequency, percentage, mean and
standard deviation, were used to summarize characteristics of the

subject.

Correlation matrix was computed among different items of the
chronic low back pain symptoms and signs. This matrix was then
subjected to further factor analysis. A scree plot of eigenvalues

and parallel analysis were carried out to validate the results of
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each other. For scree plot, the number of factors was chosen at
the point where the eigenvalue was closest to unity. For parallel

analysis, based on random rearrangement of the data set

eigenvalues, factors were recomputed and the new eigenvalues
plotted on the same graph as the scree plot. Cross point of lines
from the scree plot and from the parallel analysis were also to
need judge for the suitable number of factors.'®' To improve the
fit, further rotation using the varimax technique was employed.
The factors were interpreted based on TCM prior knowledge.™'® all
statistics were carried out with R 2.9.1 for Windows.' All data
are shown as mean * SD. Data were input with the EpiData 3.1.'%
Demographic analysis was computed with “Epicalc” package version
2.9.1.7;' the parallel analysis and scree plot were calculated

using the “nFactors” package version 2.2 20

2. Results

Demographic characteristics

Table 6 summarizes characteristics of subjects under study. Five-
hundred and thirteen subjects were interviewed. The mean age of
the interviewed subjects was 49.1%+11.2 years, and ranged from 18
to 79 years. They were 223 (43.5%) men and 290 (56.5%) women

attending the four hospitals.

FPactor analysis
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Figure 1 displays <relationship between numbers of factors
{component) selected and the eigenvalue from scree plot and

parallel analysis. The round dots are from actual value making a

classical scree plot. The triangles are from randomly generated
data from parallel analysis. The elbow of the scree plots and the
cressing points between the line of the chbserved and the randomly

generated data is at 4 factors.

Table 7 displays sum of squares (88) according teo the number of
factors. Sum of sguare of the loading that crosses unity is
located between the fourth and the fifth factors. The fifth factor
additionally explains only less than three percent of variance.
Therefore, it was decided that four factors should be coptiocnal. At

this stage, the mcodel explained 37% of the total variance.

Without rotation, all elements of the correlation matrix among
four factors are practically zero. However, there were three items
loaded on more than one factor. Varimax rotation with maximum
likelihcod method was used to recompute these loadings on multiple
factors. The results are shown in Table 8. Only one item loaded on
more than one factor. The rotated factors remained acceptably
divergent. Reanalysis with correlation matrix showed that only one
pair (factor 1 vs. factor 4) had a minor correlation coefficient
of 0.2, Correlation coefficients between other pairs were less

than 0.1,

The respective four factors accounted for 12.7%, 8§.2%, 8.2% and

7.8% of the total wvariance. Factor 1 includes piercing pain,
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activity limited by feeling of local heaviness, lumbar and flank
stiffness with bending limitation and purple tongue etc. These

could be interpreted as the domain of “gi and/or blood

stagnation” , which covers the domain concerning leocations of
patholegy. Factor 2 “cold/damp” includes cold/damp pain, pallid
face and greasy coating, which denotes arthritis problems. Factor
3 includes dull pain and recurrent wvague pain. These could be
interpreted as a part of “kidney deficiency”, which concern non-
localized systemic problems., Factor 4 includes yellow tongue
coating and burning pain, which are related to “warmth/heat”,

reflecting inflammation problems.

There are 13 non-groupable items. Seven with uniqueness wvalues
above 0.8 included “distension pain”, “tensicn pain”, “numb and
pain, “reduced amount and red urine”, *“constipation”, “thirst
without desire to drink” and “discolored 1ip and nail”. Of these
seven, “distension pain” and “numb and pain” had mean score of
higher than 2.0 indicating that they are the most common unigue

symptoms and signs.

3. Discussion

out of the 31 tested items of symptoms and signs in 513 patients

with CLBP, four underlying factors were identified including “git
and/or blood stagnation”, “cold/damp”, “kidney deficiency” and

“warmth/heat”.
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Thirteen items were not groupable. Five of these ungroupable items
are with different pain characteristics, two have  tongue

manifestation and the rest are a mixture of wvarious organ

symptoms. Of these 13, “distension pain” and “numb and pain” are

the most important due to their high uniqueness and mean score.

Qi and/or blood stagnation are well known causes of pain. The
route of flow of ¢i passes through the region of the low back.
This factor had local manifestation as demonstrated by patients
being able to describe where the pain starts. Piercing pain is
outstanding pain characterized by its direction. The factor is
also elaborated by limitation of movement, local heaviness, lumbar
and flank stiffness, local tenderness and overwork strain. Most
items of this factor point to pathology at the lumbar region. An
exception is purple tongue, which is a general expression of qi

and/or blood stagnation and yellow tongue which expresses heat. !

‘he factor 1, therefore, arises from gi problem in TCM or

localizable pathology in western medicine.

In TCM, there are specific tracks for each of the gi circulation.
@i stagnates can be relieved by manipulation of the obstruction
points by methods of acupuncture, massage etc. TIn western
medicine, the pathology causing this kind of pain can often be
located by using imaging technology. These also could be relieved
by manipulation such as lumbar traction, and occasionally surgery.

Perhaps, purple tongue and yellow tongue are systemic consequences
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of the pathology noticed only by TCM and ignored by western

medicine.

Purpie tongue and yellow tongue coating Toaded to factor 1 and
factor 4. We may intexrpret that factor 4 or heat is not completely
separated from factor 1 or localized pathelogy. The former is
additicnal or subsequent pathclogy of the latter. In western
medicine, inflammation can follow local pathology and results in
heat and pain, tenderness through the activation of pain fibre in
neurological system and humeral components, such as inflammatory
cytokines., So TCM “warmth and heat” and inflammatory process in

western medicine constitute this factor 4.

While the first factor 1is local, the second or manifestation
cold/damp is global. It is a result of general weakness, low flow
of qgi, aggravated by cold, damp and wet environment. The slow flow
of gl results in collection of wet elements in the area, mostly
around the joints. Both TCM and western medicine label this as
typical arthritis. Unlike stagnation of gi with localized
pathology, a damp joint pain aggravated by c¢old has neither any
track nor localization but with generalized effects on multiple
joints. In western medicine, low back pain can be a manifestation
of systemic arthritis such as rheumatcid arthritis. Patients with
such manifestation need further investigation on the cause of

arthritis, which may include collagen diseases.”

The third factor is heavily loaded with dull pain and vague pain.

This belongs to one of the big group of TCM pathology - kidney
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deficiency. However, other symptoms related to kidney deficiency,
i.e. lumbar fatigue requiring self massage; pallid face; cold and

weak extremities are not well lcaded in this factor. Thus, we

consider this factor as only a part of, and not typical, kidney

deficiency.

In western medicine, there are several possible causes of dull
pain in the lower part the back such as those related to disease
of ovary and uterus in women, prostate and urinary bladder
problems in men. Problems of the vertebral column itself could
also be manifested with dull back pain. Therefore, this factor is

probably a secondary manifestation of other diseases.

The above four pathophysiolegy theories altogether are
insufficient to explain CLBP nature. Five pain characteristics
*aching pain”, “traction painf, “distension pain”, “tension pain”
and “numb and pain” are unique. So were other constitutional
symptoms and signs such as “heavy head and dizzy”, “lumbar fatigue
requiring self massage”, “thirst without desire to drink”. There
may either be co-incidental problems or diseases of unknown nature

that need further research.

Most previous TCM classifications of CLBP were based on experts’
opinions., 23 oOur study was based on data systematically collected
from well defined patients and analyzed by modern statistics. With
our relatively large sample size, the generalizability of the

finding should not be a seriocus problem.
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Factor analysis, employed in this study helped us to understand
CLBP pathophysiology, but it has its own 1limitation. This

statistical method needs continuous variables which must be

graded. Categorical variable such as pulse characteristics could
not be included. Further research 1is needed to improve the

classification of this ill-defined problem.

4., Conclusion

From our data, four factors underly symptoms and signs for CLBP,
i.e. “gi and/or blood  stagnation”, “cold/damp”, “kidney
deficiency” and “warmth/heat”. However, almost two-thirds of the

symptoms and signs are not explained by this TCM pathophysiology.
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Table 6 Demographic characteristics of patients

Hospital
No.U T 127
No.2 122
No.3 138
No.4 129
Age
meantSD 50.1+11.2
Gender
Male 223
Female 250
Bthnicity
Han 425
Hui 40
Yi 15
Dai 3
Bai 19
Education
Illiteracy 10
Primary 67
Juniocr 89
Senior 167
University 180
Occupation
Worker 111
Farmer 35
Civil 108
servant
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TSR

(23.8%)
(26.9%)

(25.1%)

(43.5%)

(56.5%)

(84.7%)
(8%}
(3%)
(0.6%)

{(3.8%)

(1.9%)

(13.1%)
{17.3%)
{32.6%)

(35.1%)

(21.7%)
(6.8%)

(21,1%)




Army worker 21

Technician 183

Self- 23

employed
Smoking

No 376

Yes 137
Drinking

No 331

Yes 182
Weight

meantsSD 58.2+9.6 kg
Height

meantSD 161.8%6.8 cm
Visual

mean+SD 6.5%1.4
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(35.8%)
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Table 7 Sum of squares of loading, proportion of wvariance and

cumulative variances explained by the loading

Factorl Factor? Factor3 Factord Factorb Factoré

338 loadings 4,36 2.78 2.18 1.80 0.86 0.62
Proportion Variance 0.14 0.09 0.07 0.06 0.03 0.02
Cumulative Variance 0.14 0.23 0.30 0.36 0.39 0.40

"853 Sum of squares
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Table 8 Mean and standard deviation and factor leading in every

item
Ttems MeantSD Pactorl Factor2 Factor3 TFactor4d Unigquenesses
Piercing pain 2UIBETVe0 BT T T -0.238 -0.240 0,342 0,337
Activity limited by 2.,46+1.4 0.696 -0.132 0.301 0.405
feeling of local 9
heaviness
Lumbar and flank 2.18+1.5 0.691 0.369 0.381
stiffness with ©
Purple tongue 0.76x1.0 0.576 -0.120 -0.232 0.478 0.372
Local tenderness 1.72+1.4 0.530 -0.155 0.291 0.607
History of injury 3.22+41.5 0.509 -0.,156 -0.264 0.64d6
Overwork strain 4.05+1.1 0.476 -0.218 -0.1590 0.701
Cold/damp pain 0.54#1.3 -0.196 0.696 0.106 0.463
Pallid face 0.36+0.8 0.511 0.102 0.726
Cold and weak 0.55+1,1 -0.143 0.506 0.123 0.702
extremities
Greasy coating 0.37+0.6 0.428 0.335 0.701
Worsened by wind 0.87+1,2 -0.238 0.411 0.151 0.744
Relieved by warmth 1.99+1.,5 -0.204 0.408 0.313 -0.407 0.529
Worsened by rain 1,1+41,31 -0.319 0.403 0.172 0.700
Dull pain 1.94+1,9 -0.329 0.203 0.862 -0.168 0.08C
Recurrent vague 2.18+1.8 -0.476 0.147 0.730 -0.208 0.175
pain g
Yellow tongue 0.71+1.0 0,458 -0.155 -0.187 0.520 0.461
coating 4
Burning pain 0.3£1.05 -0.182 0.507 0.708
Aching pain 2.56%1.7 -0.344 0.112 0.278 ~0.401 0.631
Red tongue 1.37£1.2 0.356 -0.,341 -0.279 0.383 0.532
Thick tongue 0.64+1.0 0.111 0.362 0.307 0.761
coating 4
Traction pain 2.2+%1.83 0.352 -0.248 -0.367 0.679
Heavy head and 1.68+1.3 0.379 0.371 0.709
dizzy 2
Distension pain 2.99+1.,4 0.144 0.286 -0.273 0.823
Tension pain i.,98+1.6 0.215 0.934
Numb and pain 2.12+1 .4 0.118 -0.131 0.957
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Reduced amcunt and 0.27+£0.7 0.105

red urine 3

Lumbar fatigue 1.98+1.5 -0.435 0.176

requiring  self 9

Constipation 1.11+1.1

Thirst without 0.78+1.0 0.302

desire to drink 7

Discoler lip and 0.02+0.2 0.107
2

nail

-0.160  0.363 .830
0.376 -0.340 524
e S o
0.191 -0.104 - 857

. 980

Bold character number is factor lecading higher than 0.4.
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Table 9 Correlation matrix among factors after varimax rotation

Factorl Factor2 Factor3 Factor4d
Factori 1.00 -0.07 ~0.07 .20
FactorZ -0.07 1.00 0.06 0.01
Factor3 -0.07 0.06 1.00 -0.03
Factord 0.20 0.01 -0.03 1.00
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Chapter 4

Cluster analysis for patients grouping

In contrast to the preceding two chapters this chapter 1is
presented not as a manuscript but an integrated part of the
thesis, The methodology and results are described followed by

discussion of the findings.

1. Objective

To group the study CLBP patients into clusters based on their
underlying pathophysiolegic factors and to identify socio-

demographic factors associated with the cluster.

2. Methodology

The data set used in chapter 3 was further analyzed using cluster
analysis. The four main factor scores were used as a theoretical
Fuclidian location of symptoms and signs of the individuals.
Virtuwal points were linked together based on their closest
Euclidian distance and graphed in a hierarchical dendrogram. The
number of clusters was then formulated from the dendrogram as well

as k-means test. FEach method was further analyzed for internal
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validation. The final number of clusters was chosen based on the

best internal wvalidation results.

Y65 A =T Yot s M o3 WU P § =5 AP iF - Fo oo § ol 11 T<F- RO NE: Yaloh af=1- M o 5 M =F- Yot t M@ W B U=V k=il o ) s R /=N ="
computed., The relationship between factor mean scores and the
groups are displayed in Table 11. This enables readers to gain

insight the influence of each factor in each cluster.

Finally, the clustering was cross-tabulated against socio-
demographic variables to examine the association. Chi-squared test
and Fisher's exact test were used and the results shown in Tables
12-21. Finally, multinomial logistic regression was used to adjust

for confounding, the results of which are displayed in Table 22.

Note: the words “group” and “cluster” in this thesis, especially

in this chapter, are used interchangeably.
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Figure 2: The ordination dendrogram tree

3. Results

3.1 Dendrogram

Figure 2 1illustrates the dendrogram resulting from hierarchical
cluster based on Euclidian distance. The vertical lines represent

individual patients who are arranged so the persons having closest
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levels of factor scores are next to each other. The branching was

determining the grouping process.

INIt1aT1y, " from "the "graph, it 18 "somewhdAt TdiTficult Tte T Ee1 1 HGW
many groups should there be. The numbers (1 to 4) at bottom of the
graph came from k-means method of cluster analysis., From left to
right, subjects are ordered as group 1, 4, 2 and 3, with minimal
overlapping, suggesting consistency between hierarchical and k-
means cluster analysis method. The order of group in this
dendrogram, however, was 1imperfect because there have some
overlapping. For example, a case of group 3, which should be on

the left hand appeared on the furthest right-hand sild.

3.2 k-means analysis results

There were tﬁree methods of k-means cluster analysis employed:
connectivity, Dunne Index and silhcuette width, Their results are
summarized in Table 10. Their scores are different due to
different definitions. Connectivity and Dunn’s Index methods

suggest the existence of 2 clusters, whereas the silhouette width

method suggested 4.

Table 10: The optimal scores in three methods using K-means

Score Method Clusters
Connectivity 21.98 K-means 2
Dunn 0.08 K-means 2
Silhouette 0.36 K-means 4
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3.3 Evaluation of walidity of k

Evaluation of internal wvalidity of each =set of results is

SlMHE Fivad i Figure 37 Cortiectivity "seorehas a sharp rige at—2
to 3 clusters and continues to rise more gradually until 6
clusters, whereas Dunn score has a sharp drop at the same interval
{2-3) and with another peak at 5 clusters. Silhouette scores have
a distinct high wvalue at 4 clusters., Out of all these three
methods, we decided to choose 4 clusters suggested by Figure 3
{(Silhouette width) since it fits best with the fact that there are

four distinct factors.

Internal validation Internal validation
8 _
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Figure 3: Three methods to evaluate number of clusters in k-means
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Therefore, four clusters were finally selected as optimal clusters

for further k-means clustering.

3.4 Cluster and underlying factors

The definitive groups generated by k-means clustering are cross-
analysed with factor score in the Table 11. Cluster 1 comprised 73
patients with the highest mean score of 1.74 on factor 2
{cold/damp). Cluster 2 comprised 112 patients this cluster
subjects having no positive factors. Cluster 3 was 142 patients:
this pattern has two features of with mean 0.91 for factor 1 (gi
and/or blood stagnation) and mean 0.76 for factor 4 {(warmth/heat),
this cluster mixed localizable pathology with inflammation
problems. Cluster 4 consisted of 186 patients with mean score of

0.98 for factor 3 (kidney deficiency).
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Table 11: Cluster means and number of individuals according to 4

factor scores

Factor Characteristic
1 2 3 4

(n=73) (n=112) (n=142) {(n=186)
“gi and/or

1 blood ~0.44 ~0.40 0.91 -0.28
stagnation”

2 “cold/damp” 1.74 -0.36 -0.23 -0.29
a part of

3 “*kidney 0.23 ~1.04 ~-0.57 0.98
deficiency”

4 “warmth/heat” -0.03 -0.64 0.76 -0.18

Bald word: mean scores are higher than 0.7

3.5 Cross-tabulations between clusters and other important

variables

The frequency and percentage for each cluster and chi-square or
Fisher's exact test by cluster are reported in Tables 12-21.
Hospital, gender, age, education, occupation, foocd, smoking,
drinking and BMI were factors significantly associated with group.

However, the ethnicity and marriage situation had p wvalues > 0.05.
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To make it clearer, mosaic plots were used to elaborate the
relationship between cluster and each variable.
o
g o
o
hospitai
Figure 4: Distribution of group by hospital
Table 12: Distribution of cluster by hospital
Cluster
1 2 3 4 Test P
N==73 N=112 N=142 N=186 stat. value
Hospital Chisg. (9 df} = 49.96 < .001
General 23 14 41 16
hespital No.1 (18.5) (11.3) (33,1} (37.1)
Community 7 52 26 37
hospital No.Z (5.7) (42.6) (21.3) (30.3)
General 25 19 36 58
hospital No.3 (18.1) (13.8) (Z6.1) (42)
General 18 27 39 45
hospital No.4 (14) (20.9) (30.2) (34.9)
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Group 2 was the largest faction

(52/42.6%)

but not in the other hospitals.

Ferrale

in the No.2 hospital,

gendoer

Figure 5: Distribution of group by gender

Table 13: Distribution of cluster by gender

Cluster
1 2 3 4 Test P
N=73 N=112 N=142 N=186 stat. value
Gender Chisqg. (3 df) = 69.89 <0.001
Male 19 34 103 67
{8.5) (15.2) (46.2) (30}
Fenale 54 78 39 119
(18.6) {26.9) (30.2) (34.9)

Figure 5 shown relationship between gender and group. Group 3 was

the largest group 103(46.2%)

among males,

largest group among females.
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Figure 6: Distribution of group by age

Table 14: Distribution cof cluster by age

Cluster

1 2 3 4 Test P
N=T73 N=112 N=142 N=18#¢& stat. value

Age Chisg. {12 df) = 74.61 <0.001

[0,40) 5 28 34 14
(6.2} (34.6) (42) {(17.3)

[40,50) 21 49 55 43
{12.5) (29.2) (32.7} (25.6)

[50,60) 24 22 36 64
(16.4) {(15.1) {(24.7) (43.8)

[60,70) 20 8 17 58
(19.4) (7.8) (16.5) (56.3)

[70,100} 3 5 0 7
(20} (33.3) (0) (46.7)

Figure 6 shows that group 1 and 4 increased their percentage with

increasing age whereas the opposite is true for group 2 and 3.
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Figure 7: Distribution of group by education

Table 15: Distribution of clusters by education group

Cluster

i 2 3 4 Test P
N=T73 N=112 N=142 N=186 stat. value

Educatiocn Chisqg. (12 df) = 55.48 <0.001
Primary 22 7 18 30
(28.6) (9.1) (23.4) (39)
Junior school 22 9 21 37
(24.7) (10.1} (23.6) (41.6)
Senior school 17 41 42 67
(10.2) (24.86) (25.1) (40.1)
University 12 55 61 52
(6.7) (30.86) (33.9) (28.9}

For education, the group 2 and 3 had complement relationship
against each other in a dose-response relationship fashion. In
other words, group 1 reduced while group 2 increased with

increasing level of education.
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Figure 8: Distribution of group by nationality

Table 16: Distribution of clusters by ethnicity

Cluster
1 2 3 4 Test P
N=73 N=112 N=142 N=186 stat. value
Ethnicity Chisg. (6 df) = 6.65 0.355
Han 61 98 111 155
{14.4) (23.1) (26.1) (36.5)
Hui 6 6 13 15
(15) {15) (32.5) (37.5)
Other 5 7 16 9
{13.5) (18.9) (43.2) (24.3)

Distribution of ethnicities was not significant different in the

different ethnicities.
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Figure 9: Distribution of group by marriage

Table 17: Distribution of cluster by marital status

Cluster

1 2 3 4 Test P
N=73 N=112 N=142 N=186 stat. value

Marital status Fisher's exact test 0.058
Unmarried 1 12 9 8
{3.3) (40) {30} {(26.7)
Married 69 99 132 176
(14.5) (20.8) (27.7) (37)
Divorce 3 1 1 2
(42,9) {14.3) {14.3) (28.86)

Distribution of marital status was not significant different in

different marital status.
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Figure 10: Distribution of group by occupation

Table 18: Distribution of cluster by occupation group

Cluster
1 2 3 4 Test p
N=T73 N=112 N=142 N=186 stat. value
Occupation Chisqg. (15 df) = 53.15 <0.001
Worker 16 19 32 44
(14.4) (17.1) (28.8) (39.6}
Farmer 9 4 13 9
(25.7) (11.4) (37.1) (25.7)
Official 8 16 41 43
(7.4) {14.8) {38) (39.8)
Army 1 1 11 8
(4.8) {4.8} (52.4) (38.1)
Technician 32 54 26 71
{17.5) (29.5) (14,2} {38.8)
Self-employed 7 16 19 11
(13.2) (30.2) (35.8) (20.8)

Occupation was significant variable effect by different cluster.
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Figure 11: Distribution of group by prefered food

Table 19: Distribution of cluster by preferred food type group

Cluster

1 2 3 4 Test P
N=73 N=112 N=142 N=186 stat. value

Preferred food Fisher's exact test <0.001

type

Hot i4 34 30 46
(11.3) (27.4) (24.2) (37.1)

Fried 5 7 8 i
(23.8) (33.3) (38.1) (4.8)

Bland 40 50 39 111
{(16.7) (20.8) (16.2) (46.2)

Salt 14 18 64 26
(11.5) {14.8) (52.5) {21.3)

Vegetarian 0 1 1 1
(0} (33.3) {33.3) (33.3)

Preferred food was significant wvariable effect by different

cluster.
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Figure 12 group by smcoking & drinking

drinking history

Table 20: Distribution of cluster by smoking and drinking

Cluster
1 2 3 4 Test P
N=73 N=112 N=142 N=186 stat. value
Smoking Chisqg. (3 df) = 107.73 <0.001
No 67 92 58 159
{17.8} {(24.5) (15.4) (42.3)
Yes 6 20 84 27
(4.4) (14.6) (61.3) (19.7)
Drinking Chisqg. (3 df) = 99.17 <0.001
No 65 79 45 142
{19.6) {23.9) (13.6) (42.9)
Yes 8 33 97 44
(4.4} (18.1) (53.3) (24.2)
Bmeng smokers and drinkers, group 3 was highest faction ({61.3%)

and {53.3%), compared

drinkers.
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Figure 13: Distribution of group by BNMI

Table 21: Distribution of cluster by BMI group

Cluster
1 2 3 4 Test p
N=73 N=112 N=142 N=186 stat. value
BMI Fisher's exact test <0.001
Underweight 2 6 2 8
(11.1) (33.3) (11.1) (44.4)
Normal 54 60 60 133
{17.6) (192.5) (19.5) (43.3)
Overweight 16 416 77 44
{8.7) (25.1) (42.1) (24}
Obese 1 0 3 1
{20) (0) (60) (20)
Group 3 increased where group 4 decreased in proportion with

increases BMI.
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3.6 Multi-nominal logistic regression

Table 22 summarizes the results of multi-nominal logistic

FYagréesgion, Tt ¢ontirmed sigritidant "d§ssciation " betwean group and”
six variables (hospital, gender, age, education, smoking and
drinking). Gender and drinking were not significantly associated

with group in likelihood ratio test.

The effect of community hospital (Hospital No.2) was distinct.
Using hospital as this reference patients in No.2 hospital were
less likely to be in groups 1, 3 or 4, since their relative risk
ratios {(RRR}) were consistently below 1. In other words, they were
most likely to be in group 2, after adjustment for other factors.

Similarly, females were more likely to be in group 3 than males.

Age effect was significant. Using youngest age group {(0-40) as his
reference, patients aged (50-70} were more likely to be in group 4
than group 2 with primary education as the reference, twice with

high education were less likely to be in group 1 than in group 2.

Smoking was independently associated with group although 95% CI of
RRR include 1 <for all groups. Drinking, after adjusiment for

smcking other factors, was not an independent predictor of group.
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Table 22:

the ratios of relative risk {(RRR) and likelihood ratio

test (LR-test) in the multinomial logistic regression referred to

cluster 2 (n=112)

1 3 4 LR-test
n=73 n=142 n=186
Study variables N RRR (95%CI) RRR {95%CI) RRR {95%CI) Pr (>Chisq)
Hospital 0.007 **
General
. 124 1 1 1
Hospital ©No.l
Community
Hospital No.2 122 0.15%*x 0.32% 0.3%
(0.05,0.45) (0.13,0.8) {(0.13,0.68}
General 138 1 1.05 1.19
Hospital No.3 (0.36,2.75) (0.4,2.72) (0.48,2.91)
General 129 0.39 0.51 0.64
Hospital No.4 (0,15,1.07) (0.21,1.25) (0.27,1.48)
Gender 0.183
Male 223 1 1 1
Female 290 0.66 0.32% 0.69
(0.21,2,05) {0.11,0.93) (0.26,1.82)
Age < 001 ¥
{0,40) 81 1 1 1
[40,50) 168 0.94 0.56 0.99
(0.27,3.31) (0.23,1.33) (0.38,2.59)
[50, 60) 146 1.26 0.55 3.19*
(0.33,4.86) (0.2,1.53) (1.13,8.96}
[60’70) 103 2-04 0.53 6'12**
(0.44,9.47) (0.14,2.01) {(1.75,21.43)
[70,100) 15 0.45 0 1.1
(0.06,3.45) (0, InT) (0.23,5.33}
Education 0.021 =
Primary 77 1 1 1
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1 3 4 LR~test
n=173 n=142 n=186
Study variables N RRR {95%CI) RRR (95%CT) RRR {95%CI) Pr (>Chisq)
o oo e g T I e
(0.17,2.21) (0.2,2.91) (0,28,3.12)
Seniocr school 167 0.22% 0.38 0.7
(0.07,0.72) (0.12,1.24) {0.24,1.99)
University 180 D.11*=** 0.4 0.52
(0.03,0.39) (0.12,1.4} (0.17,1.61)
Smoking 0.005%=*
No 376 1 1 1
Yes 137 0.58 2.79 0.55
(0.12,2.77) (0.95,8.15) (0.18,1.63)
Drinking 0.284
No 331 1 1 1
Yes 182 0.29 0.96 0.79
(0.07,1.25) {0.31,3.04) (0.27,2,29)

Significant codes: O 'H**%' (0,001 '#*f (0,01 !

Food preference, which was significant under univariate Chi-square
test, was not an associated factor in multi-nominal regression. It

was not included in the final model.

4, Discussion

This chapter used the cluster analysis to group the 513 patients

with CLBP based on the factors identified in previous chapters.

Cluster analysis gave consistent vresults with factor analysis.
There were four groups of patients who suffered from symptoms and

signs of cold/damp, suffered from mixture of other symptoms and
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signs, gi and/or blood stagnaticn combined with warmth/heat, and

kidney deficiency.

RS TAEt THETE BAEISHTE TH G LUStEF 3 Had  high e At §Eoras S BETH

factor 1 (gi and/or blood stagnation) and factor 4 (warmth/heat)
could be explained by the significant (although small) correlation
between those two factors. Group 2 had nco prominent factors. This
is corresponding to the findings in the previous chapter that

there are several items of symptoms and signs that are unique.

Hospital Ne.2 was different from other hospital in the fact that
it had more patients with a mixture of non-groupable symptoms and
signs. This difference is independent from other socic-economic
status of the patients since these variables were adjusted for the

final model,

The phencmenon that hospital No.2 had proportionally more non-
groupable patients {group 2) <could be explained by either
different geographic catchment areas of other hospitals or by
differences in self-referral pattern of the patients. Hospital
No.2 is the only community hospital in this study. The nature of
CLBP may be heterogeneous and milder, whereas other general
hospitals were expected to serve patients with more specific

greups of CLBP.

In TCM, female are more likely to suffer from kidney deficiency
due to under expression of vyang and male is more likely to get

problem of gi/blood stagnation and warmth/heat due to over
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expression yang. Crude analysis tended to support this theory, but
this difference was not significant after multinomial regression.

In Western Medicine, <¢linicians would believe that females are

prone to CLBP due to weaker vertebral and muscle structure. The
idea is not supported by our data, which, however, looked

exclusively among CLBP patients without a control group.

The phenomenon of age could be explained by kidney deficiency. One
study TCM study showed an association between the deficiency of

kidney and bone mineral loss.

The phenomenon that the higher level education had proportionally
more non-groupable patients could be explained by the self-

referral pattern of the patients.

Smoking has been shown to be associated with LBP in several
epidemiologic studies. Repeated microtrauma from chronic ccough may
result in leading to reduced blood flow to the discs and vertebral
bodies leading to early degeneration, and decreased bone mineral

density leading to vertebral body or end plate injury.

Drinking was similar to gender. It had significant the Chi-squared
test but was not a significant in the LR test after multinomial
logistic regressicn., TIts impact was actually confounded by

smoking.
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Chapter 5

General Conclusion

This thesis has successfully identified the «construct and
underlying patterns of symptoms and signs based on checklist
developed from traditional Chinese knowledge on chronic low back

pain.,

Three clusters were derived from these 4 factors (two of which
were correlated) and one cluster that 1is miscellaneous. This
cluster distribution 1s associated with age, and smoking which can
pe explained by TCM theory and hospital and education which may be

due to self-referral pattern.

Based on our findings, we make the following recommendations.

Finding Recommendation

Eight TCM textbooks identified | Textbooks should be standardized

different symptoms and signs

Modern TCM experts have de~ |Need good measure and exact

emphasized the items on physical | description of the physical and
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and tongue expressions but our | tongue characteristics.
data showed that yellow tongue | Importance of these
and red tongue are loaded in |characteristics  should
factor 1. reviewed

TCM experts have adopted Western | Importance of TCM
Medicine approach. However our |pathophysiology in practice

results show that TCM theory of

pathophysiclogy also fits well

with the data

should be further emphasized
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4, Appendix IV: Exclusion criteria

Yes

No

Patient had low back pain less than 3 months

Patient had no reason to reduce weight (> 5 kg during

the three month}

Patient had ever undergone spine surgery, fracture of

back or nerve root

Had morning pain and stiffness more than half hour

Had low urology disease

Had cancer, HIV or poliomyelitis

Fever (> 38 degree)

Co-treatment using steroid

Physical examination

Yes

No

Ralsing straight leg test < 60 degree

Abnormal FABER’s test

Abnormal Shober’s test (measure 10cm, more than 5cm)

Any positive symptom or sign will be reported to senior members of

the research team for confirmation of exclusion.
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5, Appendix V: Questionnaire to interview symptoms
and signs of chronic low back pain based on TCM
BT e o B
D
ime Gender 1 male ate  of
2 female birth
‘hnicity 1 Han 2 Muslin 3 Yi 4 Dai 5 Bai 6 others ( )
. 1 Illiteracy 2 Primary 3 Juniocr school 4 Senior school
lucation
5 University and above
irriage 1 Unmarried 2 Married 3 Divorce 4 others ( )
:cupation 1 Worker 2 Farmer 3 Official 4 Arm 5 Technician 6 Self-employed

ywrking place

ldress

Telephone
number

1in symptoms

.story of medicine

1 Preferred food: 1 Hot 2 fried 3 Insipid 4 Salt 5 Vegetaarian

tehaviours 2 Smocking: 1 vyes 2 no
3 Drinking: 1 vyes 2 no
gh and weight high cm weight kg
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Symptoms and signs of chronic low back pain

Pain characteristics

Visual analogue scale 1 2 3 4 5 6 7 10
{ [ [
Cold-type pain 1 2 3
| I i
Heat (burning) pain 1 2 3
I | I
Distention pain 1 > 3
[ [ I
Piercing pain 1 2 3
I ] I
Tension paln 1 2 3
I [ I
Aching pain 1 5 3
[ | [
Traction pailn 1 2 3
[ I I
Vague pain 1 2 3

Assoclated factors

Activity limited by feeling 1 2 3

Relieved by warmth 1 o 3
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Symptoms and signs of chronic low back pain

i [ [

Worsened by warmth 1 2 3

I [ I

Worsened by rain 1 2 3

L [ [

Worsened by wind 1 5 3

I I I

Lumbar fatigue requiring 1 2 3
l |

Overwork strain 1 2 3

I I |

Lumbar and flank stiffness 1 5 3

! [ [

Feeling prick 1 > 3

I [ [

Local tenderness 1 2 3

| I I

Numb and pain 1 2 3

i I ] I

Recurrent vague pain 1 2 3

Physical symptoms

Reduced amount and red urine

Constipation 1 2 3
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Symptoms and signs of chronic low back pain

Thirst without desire to drink

cold and weak extremities

History of injury

Heavy head and dizzy

L

Pallor face

L ]

Discolor lip and nail

W

Tongue and pulse

Tongue color red tongue

Tongue color white tongue

[$1]

Tongue color purple tongue

[}

Tongue ccating color

White tongue coating

Tongue coating color

Yellow tongue coating

Tongue coating color

Gray tongue coating

Tongue coating gquality

Thick tongue coating
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Symptoms and signs of chronic low back pain

Tongue coating quality

|'"Thin tongue coating

Tongue coating gquality

Greasy coating

Symptoms and signs from modern medicine

Worsen by lying down 1 2 3 4 5
I I [ [ ]
Can wglk for one kilometer? 1 2 3 4 5
Claudication
Position of pain No. lumbar Disc.  Side bistance cm
I [ I I ]
Anteflexion limitation 1 5 3 4 5
Extension limitation L1 ’ I !
1 2 3 4 5
. - . I [ I I |
Left lateral bending limitation
1 2 3 4 5
, . - . I i [ I ]
Right lateral bending limitation
1 2 3 4 b
Others
| ! [ I ]
1 2 3 4 5

Interviewer:

Year Month Day
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