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Abstract

Background. There is no widely accepted objective evaluation
for lumbar spine disorders. New outcome measures should
be patient-oriented and should measure symptoms and self-
reported functional status in multiple dimensions. The aim of
this study was to identify items to be included in the disease-
specific quality of life (QOL) questionnaire for the assess-
ments of patients with lumbar spine disorders.

Methods. The draft of the QOL questionnaire that consisted
of a total of 60 items, including 24 items derived from the
Japanese version of the Roland Morris Disability Question-
naire (RDQ) and 36 items derived from the Japanese version
of Short Form 36 (SF-36), were administered to patients and
controls. After obtaining written informed consent, the follow-
ing data were collected from the patient group (n = 328) and
the control group (n = 213): (1) background characteristics,
including age, diagnosis, Japanese Orthopaedic Association
(JOA) score, and finger to floor distance; (2) responses to the

questionnaire; (3) the identification rate by discrimination

analysis to select the candidates for adoption and by adopting
explanatory variables. The items to be excluded were deter-
mined by examining the explanatory variables, which were
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selected after the discrimination analysis, by setting the can-
didate to-be-excluded items as an objective variable.

Results. Based on the distribution of the responses, two items,
RDQ-15 and RDQ-19, were excluded. From the results of
the correlation coefficient calculation for each question in the
patient group, 33 items were excluded and 27 candidate items
were adopted. Based on the adoption explanatory variable
used in the discrimination analysis, 25 of the 27 candidate
items for adoption were accepted.

Conclusions. This study identified the 25 specific questionnaire
items that should be included in the questionnaire to evaluate
QOL of patients with various lumbar spine disorders.

Introduction

The assessments of lumbar spine disorders have been
based on biological, physiological, and anatomical
outcomes, such as measurements of the range of spinal
motion, laboratory tests, and imaging studies.' However,
these indicators have little meaning for the patient and
the society. On the other hand, alleviation of symptoms,
such as pain intensity, and an improved quality of life



444

(QOL) have more significance for the patients and the
society. It has been reported that patient self-rated
measures of symptom intensity and QOL are as repro-
ducible as many physiological measurements and are
acceptable with respect to objectivity and stability.
Thus, patient-based outcomes involving patient self-
assessment of symptom intensity and QOL should be
used in clinical research.

Conventionally, surgery is evaluated based on a
simple four-grade scale: excellent, good, fair, and poor.
This approach has limitations due to its subjectivity and
the lack of clear definitions for each grade. Therefore,
the evaluation of treatment results depends on individ-
ual researchers and is not fully comparable. Further-
more, the four-grade scale is not sufficient to measure
pain intensity, activities of daily living, or the ability to
work. For example, a patient might not be able to return
to work despite a decrease in pain, or there may be no
alleviation of pain intensity despite an improvement in
activities of daily living. Given such circumstances, an
improvement in one dimension does not necessarily
mean an improvement in other dimensions; thus, the
evaluation of medical treatments must be multidimen-
sional and include patient-based outcomes. Given these
perspectives, the Assessment Standards Committee
prepared this report dealing with the new standards for
evaluating the results of treatments for lumbar spine
disorders.

Materials and methods

Selection of lumbar spine disorders evaluation items

The aim of this study was to establish a multidimen-
stional method for evaluating treatment results for
lumbar spine disorders that was centered on patient-
based outcomes and that could be used internationally.
Pain intensity can be measured using a visual analogue
scale (VAS) and the NASS questionnaire.” The
Roland-Morris disability questionnaire (RDQ) and the
Oswestry disability questionnaire are low back pain-
specific QOL questionnaires.>® With respect to the
RDAQ, the Japanese version of the RDQ has been devel-
oped that conforms to the psychometric standards in the
areas of reliability, validity, and responsiveness.” Both
alleviation of patients’ symptoms and its impact on their
activities of daily living can be measured using the
RDQ. Widely used international measures for general
well-being include the SF36, SF12, and the Euro QOL,;
Japanese versions of the SF36 and the Euro QOL have
been developed.*" Thus, it would be desirable to use
the VAS for measuring the intensity of low back pain,
the RDQ for measuring low back pain-specific QOL,
and the SF-36 for assessing general well-being. However,
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the evaluation of all of these items in daily practice is
impractical owing to the large number of items. The
approximate time to complete the RDQ is 5 min, and
it takes 10 min to complete the SF36.! To reduce the
number of items necessary to evaluate the efficacy of
treatments for lumbar spine disorders, the usefulness
of various evaluation criteria to differentiate patients
with lumbar spine disorders from normal subjects was
studied.

Examination of the evaluation rating score (true value)
in the lumbar spine disorders group

Eight institutions (including affiliated institutions) were
asked to recruit at least 40 subjects during the period
from February to May 2002. The questionnaire con-
sisted of a total of 60 items: 24 items derived from the
Japanese version of the RDQ and 36 items derived from
the Japanese version of the SF-36. Lumbar disc hernia-
tion and lumbar canal stenosis were the two main
targets. Subjects who had other orthopedic disorders
and those with impaired ability to understand the ques-
tions, such as patients with dementia, were excluded.
Normal subjects were defined as adults with no ortho-
pedic disorders. Adults living independently and not
requiring nursing care but who were undergoing alter-
native treatments (e.g., acupuncture, moxibustion,
massage, and chiropractic treatments) were included
in the control group. Health care professionals were
excluded.

Prior to conducting the investigations, subjects in the
patient group and the control group gave their written
informed consent.

Background characteristics of the patient group

The distribution of subjects’ background characteristics,
such as age, diagnosis, Japanese Orthopaedic Associa-
tion (JOA) score, and finger to floor distance, was ana-
lyzed to verify that the group represents the general
population of patients with spine disorders.

Examination of removable candidate QOL items

A QOL item could be removed if it satisfied any of the
following criteria: (1) items to which most subjects gave
the same answer; (2) items the answers for which were
highly correlated with the answers to other questions;
(3) items that could be explained by several questions;
(4) items whose score distributions did not show any
statistically significant differences between the patient
and control groups.

To test for the above conditions, the distribution of
responses for the RDQ and SF36 were compared
between the two groups. The correlation coefficient for
each question in the patient group was analyzed using
the Spearman correlation coefficient.
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Table 1. Demogrphics of pateints and controls
Patients Controls
Male Female Total Male Female Total
187 159 346 96 120 216
Age group (years)
10-19 1 2 3
20-29 19 16 35 15 33 48
30-39 23 13 36 18 22 40
4049 18 19 37 20 16 36
50-59 30 29 59 15 21 36
60-69 39 40 79 12 15 27
70-79 47 32 79 12 12 24
80-89 9 8 17 4 1 5
290 1 1
Diagnosis
Lumbar disc herniation (LDH) 160
Lumbar spinal canal stenosis (LCS) 183
LDH + LCS 3
Other orthopedic disorders
Present 18 3
Absent 328 213
Examination of the identification rate by discrimination Table 2. Clinical findings
analysis ,Of candidate items i L. . . Parameter Patients Control
After using the above-described criteria to identify the
candidate items to be included in the final question- 328 213
naire, discrimination analysis was done to eliminate g R
further the number of items. By setting one of the can- Normal 201 211
didate items for adoption as the objective variable, the 30°-70° 110 1
rest of the iterns were examined as explanatory vari- S <30 17 1
ables; the discrimination rate was then analyzed, and ellilsc?rrgmal 124 210
item§ with a min'imum discrimination rate 270% were Mild disturbance 150 9
considered to be items that could be excluded. The final Obvious disturbance 54 1
items that were excluded were determined by examin-  Motor
ing the explanatory variables, which were selected after Normal 191 212
discrimination analysis, setting the candidate to-be- Mild muscle weakness 107 0
excluded items as the objective variable Obvious muscle weakness 30 1
) . Bladder function
Normal 293 207
Mild dysuria 33 6
Results Severe dysuria 2 0
Finger-to-floor distance
Background characteristics of the patient group --15 1 6
. . . -14--5 3 10
Table 1 shows the age, sex, and diagnosis of 328 subjects 4_4 95 108
in the patient group and 213 subjects in the control 5-14 68 54
group. There was significant difference in sex and age 15-24 54 30
distribution between the two groups (P = 0.03, Fisher’s 25-34 s1 5
. . fel 35-44 17 0
exact test). In the patient group, the straight leg raising 4554 24 0
(SLR) test was positive in approximately 40%, sensory 55— 64 8 0
disturbance was present in 60%, muscle weakness was 6574 1 0
seen in 40%, and bladder dysfunction was impaired in 75 - 84 2 0
Measurement not possible 4 0

approximately 10% of the subjects (Table 2). The dis-
tribution of the finger to floor distance revealed that the

SLR, straight-leg raising
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mobility of the lumbar spine in the patient group was  RDQ

significantly restricted compared to that of the control

group. Although we cannot make any conclusions, given ~ The nonresponse rate for the RDQ was less than 5%
the above results we considered that the patient group  for all questions; no questions were difficult to answer.
represented the general population of the patients with ~ As expected, more than 95% of the normal subjects
lumbar spine disorders. answered “no” to all questions. In the patient group,

Table 3. Results of the RDQ (Roland-Morris Disability Questionnaire)

Patients (n = 328) Controls
Question item Yes No No response Yes No No response
RDQ-1 174 148 6 1 212
53.0% 45.1% 1.8% 0.5% 99.5%
RDQ-2 232 92 4 20 193
70.7% 28.0% 12% 9.4% 90.6%
RDQ-3 253 69 6 7 204 2
77.1% 21.0% 1.8% 33% 95.8% 0.9%
RDQ-4 110 210 8 2 211
33.5% 64.0% 2.4% 0.9% 99.1%
RDQ-5 183 135 10 4 209
55.8% 41.2% 3.0% 1.9% 98.1%
RDQ-6 215 109 4 3 208 2
65.5% 33.2% 1.2% 1.4% 97.7% 0.9%
RDQ-7 119 204 5 3 210
36.3% 62.2% 1.5% 1.4% 98.6%
RDQ-8 185 139 4 4 209
56.4% 42.4% 1.2% 1.9% 98.1%
RDQ-9 152 170 6 2 211
46.3% 51.8% 1.8% 0.9% 99.1%
RDQ-10 193 129 6 4 209
58.8% 39.3% 1.8% 1.9% 98.1%
RDQ-11 166 156 6 6 207
50.6% 47.6% 1.8% 2.8% 97.2%
RDQ-12 86 237 5 1 211 1
262% 72.3% 1.5% 0.5% 99.1% 0.5%
RDQ-13 128 195 5 11 202
39.0% 59.5% 1.5% 52% 94.8%
RDQ-14 162 159 7 2 211
49.4% 48.5% 21% 0.9% 99.1%
RDQ-15 53 270 5 212 1
16.2% 82.3% 1.5% 99.5% 0.5%
RDQ-16 166 157 5 3 209 1
50.6% 47.9% 1.5% 1.4% 98.1% 0.5%
RDQ-17 222 100 6 6 206 1
67.7% 30.5% 1.8% 2.8% 96.7% 0.5%
RDQ-18 114 210 4 2 210 1
34.8% 64.0% 1.2% 0.9% 98.6% 0.5%
RDQ-19 28 296 4 213
8.5% 90.2% 12% 100.0%
RDQ-20 109 211 8 1 212
33.2% 64.3% 2.4% 0.5% 99.5%
RDQ-21 263 58 7 7 206
80.2% 17.7% 2.1% 33% 96.7%
RDQ-22 105 219 4 4 209
' 32.0% 66.8% 1.2% 1.9% 98.1%
RDQ-23 257 65 6 10 203
78.4% 19.8% 1.8% 4.7% 95.3%
RDQ-24 82 242 4 213

25.0% 73.8% 12% 100.0%
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Table 4. Exclusion and adoption of items (first level)
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Excluded items Reason

Items adopted

RDQ-3 RDQ-17, 23 Correlation
RDQ-7 RDQ-12 Correlation
RDQ-9 RDQ-16 Correlation
RDQ-10 RDQ-1, 17 Correlation
RDQ-15 Answers concentrated on [ NOJ
RDQ-19 Answers concentrated on [ NOJ
RDQ-21 RDQ-17, 23 Correlation
RDQ-24 RDQ-4 Correlation
QOL-2 QOL-1 Correlation
QOL-3a QOL-3g Correlation
QOL-3b QOL-3g Correlation
QOL-3c QOL-3e Correlation
QOL-3d QOL-3e, 3g Correlation
QOL-3h QOL-3e, 3g Correlation
QOL-3i QOL-3e, 3g Correlation
QOL-3j QOL-3e Correlation
QOL+4a QOL-8 Correlation
QOL4c¢ QOL-8 Correlation
QOL-4d QOL-8 Correlation
QOL-5a QOL-8 Correlation
QOL-5b QOL-8, 9f Correlation
QOL-5¢ QOL-8, 9f Correlation
QOL-6 QOL-8 Correlation
QOL-7 QOL-8 Correlation
QOL-9a QOL-%h Correlation
QOL-% QOL-9f Correlation
QOL-9¢ QOL-9f Correlation
QOL-9d QOL-9f, 9h Correlation
QOL-9e QOL-%h Correlation
QOL-9i QOL-9g Correlation
QOL-10 QOL-8 Correlation
QOL-11a QOL-11b Correlation
QOL-11d QOL-1, 11b Correlation

RDQ-1
RDQ-2
RDQ4
RDQ-5
RDQ-6
RDQ-8
RDQ-11
RDQ-12
RDQ-13
RDQ-14
RDQ-16
RDQ-17
RDQ-18
RDQ-20
RDQ-22
RDQ-23
QOL-1
QOL-3e
QOL-3f
QOL-3g
QOL-4b
QOL-8
QOL-9f
QOL-9
QOL-%h
QOL-11b
QOL-11c¢

more than 80% of respondents chose the same answers
for items 15, 19, and 21; and approximately 80% chose
the same answer for items 3 and 23. In particular, for
items 15 and 19, more than 80% of the patient group
chose the same answer (no) as the normal healthy
subjects (Table 3). Therefore, based on these results,
RDQ-15 and RDQ-19 were listed as candidates to be
excluded.

SF-36

The nonresponse rate for the SF-36 was less than 5%
for all questions, and none of the questions was difficult
to answer. There was a statistically significant difference
in the distribution of responses between the patient
group and the control group (P < 0.05, by x%). Further-
more, there were no questions for which the answers
were predominantly concentrated on one choice in the
patient group.

Correlation coefficient for each question in
the patient group

For the 24 RDQ items, there were mutual correlations
between two groups of item s: RDQ-1, 3,10, 17,21, and
23 (six items); and RDQ+4, 7, 9, 12, 16, and 24 (six
items). For the SF-36 items, there were mutual correla-
tions among four groups: QOL-1,2,11a,11b, and 11d (5
items); QOL-3a-3j (10 items); QOL-4a—4d, 5a-5c, 6, 7,
8, and 10 (11 items); QOL-9a-9i (9 items). Thus, 33
items were excluded, and 27 remained as candidates
for adoption. The reasons for exclusion are shown in
Table 4.

Discrimination analysis

The discrimination rate of the answer for each item,
based on the discrimination analysis, was determined
for the 27 candidates for adoption. To arrive at the
discrimination rate, one item was set as the objective
variable, and the other items were set as explanatory
variables; the item with a high minimum value for the
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Table 5. Results of discrimination analysis
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Minimal ratio of Ratio of
discrimination for discrimination

Question item each choice through all choices K

RDQ-1 75.2%* 77.3%" 0.54
RDQ-2 60.5% 81.5%" 0.53
RDQ-4 66.7% 81.0%* 0.57
RDQ-5 74.8%" 80.1%* 0.59
RDQ-6 62.1% 80.5%*" 0.55
RDQ-8 69.2% 76.7%" 0.52
RDQ-11 69.0% 72.7%" 045
RDQ-12 69.6% 87.0%" 0.65
RDQ-13 55.0% 68.8% 0.34
RDQ-14 70.6%*° 74.5%* 0.49
RDQ-16 76.6%" 78.3%" 0.57
RDQ-17 64.2% 83.4%" 0.59
RDQ-18 60.0% 77.2%* 0.48
RDQ-20 61.0% 77.0%" 047
RDQ-22 44.4% 72.6%" 0.33
RDQ-23 57.1% 84.3%* 0.50
QOL-1 30.0% 56.2% 031
QOL-3e 52.8% 68.8% 0.45
QOL-3f 46.3% 61.5% 0.38
QOL-3g 50.0% 69.7% 0.50
QOL-4b 48.1% 58.2% 0.46
QOL-8 46.0% 55.9% 041
QOL-9f 36.7% 56.6% 041
QOL-9¢ 28.6% 471% 0.28
QOL-%h 143% 48.5% 0.28
QOL-11b 21.1% 48.3% 0.27
QOL-11¢c 5.6% 58.7% 023

*Discrimination rate >70%

discrimination rate was excluded from adoption. The
minimum value for the discrimination rate was > 70%
in four items (RDQ-1, 5, 14, and 16) (Table 5). The
discrimination rate calculated the ratio that the answers
of patients group accorded with the estimated answers
by classification rule. To compute the x value, we made
a contingency table using the answers of patients group
and by the estimated answers.

Adoption of the explanatory variables in
discrimination analysis

To verify whether it would be appropriate to exclude
RDQ-1, 5, 14, and 16, the explanatory variable chosen
for each objective variable in discrimination analysis
was determined (Table 6). Consequently, it was found
that if RDQ-1 and 5 were excluded RDQ-14 and 16
could not be excluded because RDQ-1 and 5 would be
necessary. Given these results, 25 of the 27 candidate
items for adoption were adopted; RDQ-1 and 5 were
excluded.

Discussion

Several issues must be considered when creating a new
evaluation method for medical treatments. First, the
evaluation should be structured so the effect of medical
intervention is accurately reflected. If medical treat-
ment results are mainly determined by genetic or envi-
ronmental factors, the quality of the treatment cannot
be evaluated. Second, the evaluation of medical treat-
ment results must contain a framework that accurately
and reliably captures changes in the patient’s health
condition. Finally, to evaluate the medical treatment
results accurately, the treatment evaluation period
should be the same as the time period during which
information is obtained about the patients’ complica-
tions and social background that can affect the medical
treatment outcomes.

Evaluation of medical treatment outcomes used to be
a subject of concern for health care professionals only.
Recently, however, the evaluation of medical treatment
outcomes is becoming more of a concern to patients and
governments who pay the medical costs. Evaluating
medical treatment results is key to assessing cost effec-
tiveness and to validating treatments themselves. Thus,
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Table 6. Explanatory variable chosen for every objective variable on discrimination analysis
Objective variable
RDQ-1 RDQ-5 RDQ-14 RDQ-16

Minimum value of discrimination rate for every choice 752% 74.8% 70.6% 76.6%
All choices by discrimination rate 77.3% 80.1% 74.5% 78.3%
K 0.54 0.59 0.49 0.57
Variable Explanation
RDQ-1 I stay at home most of the time because of my back. - O O
RDQ-2 I change position frequently to try to get my back comfortable. O O
RDQ-4 Because of my back, I am not doing any of the jobs that I usually O 0 O

do around the house.
RDQ-5 Because of my back, I use a handrail to get upstairs. - O
RDQ-6 Because of my back, I lie down to rest more often. @) O
RDQ-8 Because of my back, I try to get other people to do things for me. O O
RDQ-11 Because of my back, I try not to bend or kneel down. O O o
RDQ-12 1 found it difficult to get out of a chair because of my back. o) o o
RDQ-13 My back is painful almost all the time. o) O
RDQ-14 1 find it difficult to turn over in bed because of my back. O - O
RDQ-16 1 have trouble putting on my socks (or stockings) because of the ®) o -

pain in my back.
RDQ-17 I only walk short distances because of my back. O o) O
RDQ-18 I sleep less well because of my back. o) O
RDQ-20 I sit down for most of the day because of my back. O 0 o
RDQ-22 Because of my back pain, I am more irritable and bad tempered O O

with people than usual.
RDQ-23 Because of my back, I go upstairs more slowly than usual. O 0
QOL-1 In general, would you say your health is:
QOL-3e Does your health now limit you in climbing one flight of stairs? O
QOL-3f Does your health now limit you in bending, kneeling, or o O

stooping?
QOL-3g Does your health now limit you in walking more than a mile? O @]
QOL-4b Any problems as a result of your physical health: accomplished

less than you would like?
QOL-8 How much did pain interfere with your normal work? O
QOL-9f Have you felt downhearted and blue?
QOL-9g Did you feel worn out?
QOL-% Have you been a happy person? O o
QOL-11b I am as healthy as anybody I know. O O 0O
QOL-11c I expect my health to get worse. O

criteria used for the evaluations should be objective and
structured in such a way that the patients’ perspective
is respected. In this way, the results can be understood
not only by health care professionals but also by patients
and third parties. Evaluation of medical treatment
based on the creation of standards can be used to docu-
ment and improve the performance of the medical
system and health care technology.

This study has several limitations. There was a signifi-
cant difference in sex and age between the patients
group and the normal group. Hence, there is a possibil-
ity that this difference affects the results of our study.
For many research purposes, it may be optimal to
include both disease-specific (RDQ) and generic func-
tional status measures (SF-36). However, an instrument
that includes both disease-specific and general func-

tional status measures has not been established.
Although it may not be ideal to combine items from two
different instruments, our final goal was to find the
disease-specific daily functions, physical function, role
function, pain, vitality, mental health, and health per-
ception. However, only the Japanese version of the
RDQ as the disease-specific and the Japanese version
of the SF-36 as the generic functional status measure
were available. Therefore, we combined items from the
two instruments to find the disease-specific functional
status that included many dimensions.

We were able to identify 25 specific questions that
would elucidate the QOL of patients with various
lumbar spine disorders. The next step is to assess the
validity and responsiveness of the questionnaire that
includes the selected 25 questions by measuring the
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outcome of patients with lumbar spinal disorders. Also,
we have to complete cross-cultural adaptation of the
BPEQ so it can be used internationally.
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Abstract

Background. The manner of measuring the outcome of cervi-
cal myelopathy must be patient-oriented and have sufficient
reliability and validity. The current Japanese Orthopaedic
Association (JOA) scoring system for cervical myelopathy is
widely used but has not met this requirement. The first- and
second-round surveys established 24 items for inclusion on
a new questionnaire for cervical myelopathy. The purpose
of this study (the third-round survey A) was to confirm
the reproducibility of patient responses to the selected
questions.

Methods. A total of 201 patients with cervical myelopathy
and with no change of symptoms between the two interviews
were included. Each patient was interviewed twice using the
same questionnaire at an interval of 4 weeks. The reliability
of the questionnaire was evaluated by determining the exten-
sion of the weighted kappa coefficients.

Results. The weighted kappa coefficient for each item
was >04, confirming that the test-retest reliability was
acceptable.

Conclusions. The newly developed JOA Cervical Myelopa-
thy Evaluation Questionnaire was proven to have sufficient
reliability.

Introduction

As described in Part 1! and Part 2% the Japanese Ortho-
paedic Association (JOA) decided to revise the assess-
ment tools for cervical myelopathy and develop a new
JOA Cervical Myelopathy Evaluation Questionnaire
(JOACMEQ). The point of the revision was to make
it: (1) more scientific from the standpoint of medical
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statistics, and (2) more patient-oriented. For the first-
and second-round surveys, the committee created a
new questionnaire of 77 items including SF-36 (the
Medical Outcome Study Short-Form 36-Item Health
Survey)® to assess health-related quality of life
(HRQOL) and 41 items to assess functioning of the
cervical spinal cord and cervical spine. In these surveys,
53 items were excluded.” The purpose of this study
(the third-round survey A) was to confirm the repro-
ducibility of the selected 24 questions written in
Japanese (see Appendix). The questionnaire was
self-administered, so interobserver reliability did not
need to be confirmed. To examine the reliability
of the questionnaire, only test-retest reliability was
evaluated.

Materials and methods

Inclusion criteria were as follows: (1) Patient had to
have cervical myelopathy secondary to cervical disc
herniation, cervical spondylosis, or ossification of the
posterior longitudinal ligament (OPLL); and (2) there
was no change of symptoms between the two inter-
views, which was judged by attending surgeons.
Exclusion criteria included (1) patient had other mus-
culoskeletal disease requiring medical treatment; (2)
patient had a mental disease and so could potentially
furnish inappropriate answers; (3) patient was postop-
erative; 4) patient had participated in the former
surveys.

We asked 460 Japanese board-certified spine sur-
geons to participate in the survey between January
2004 and June 2004. Patients were recruited from the
outpatient clinic of each surgeon during the planned
inquiry period. Self-assessment was used in this study.
Each patient was interviewed using the same question-
naire twice at an interval of 4 weeks (+3 days). The
attending surgeon filled out the patient’s information
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regarding the diagnosis and the presence or absence of
concomitant diseases and judged the severity using a
three-step rating scale (mild, moderate, severe). This
study was approved by the Ethics Committee of the
Japanese Society for Spine Surgery and Related
Research, and informed consent was obtained from
each patient.

The reliability of the questionnaire was evaluated
by determining the extension of the weighted kappa
coefficients. According to the most widely accepted
criteria proposed by Landis and Koch, a kappa
coefficient of >0.4 was judged reliable. The 95% con-
fidence intervals were calculated for all reliability
coefficients.

All statistics were calculated using SPSS software
(version 12; SPSS, Chicago, IL, USA).

Results

Of 304 patients who participated in this survey, 103
were excluded owing to a change of symptoms between
the two interviews or an inappropriate patient adminis-
tration interval, leaving 201 available for the study (74
women, 127 men). The mean + SD patient age was 63.8
+ 12.8 years (Table 1). The diagnosis was cervical disc
herniation in 29, cervical spondylotic myelopathy in
113, and OPLL/other in 59. Table 2 lists the severity
of patient myelopathy evaluated by the current JOA
scoring system and shows that the characteristics of the
recruited patients were not specific. The distribution of
answers for each item during the second interview is

Table 1. Baseline participant demographics (n = 201)

Parameter Male Female Total
No. of patients 127 74 201
Age (years)
30s 7 4 11
40s 12 8 20
50s 26 - 13 39
60s 41 13 54
70s 32 27 59
80s 9 9 18
Average 63 65.2 63.8
SD 124 135 12.8
Minimum 30 34 30
Maximum 89 84 89
Median 64 69 66
Diagnosis
Cervical disc herniation 17 12 29
Cervical spondylosis 68 45 113
OPLL 39 16 55
Other 3 1 4

OPLL, ossification of the posterior longitudinal ligament
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shown in Table 3, and neither ceiling nor floor effects
were observed. The results for test-retest reliability are
shown in Table 4. The weighted kappa coefficient for
each item was >0.4, showing that the test-retest reli-
ability of JOACMEQ was acceptable. Among the three
groups with severity judged as mild, moderate, or severe,
there was some difference in the weighted kappa coef-
ficient for some items, but the difference was statisti-
cally not significant. The difference among the three
diseases (cervical disc herniation, cervical spondylosis,
OPLL) was also statistically not significant (data not
shown).

Table 2. Distribution of the severity evaluated by the current
JOA scoring system

Score No.

Motor function

Upper extremity
0 1
1 10
2 37
3 90
4 63

Lower extremity
0 1
0.5 0
1 21
15 22
2 : 40
2.5 20
3 40
4 57

Sensory function

Upper extremity
0 2
0.5 22
1 88
1.5 61
2 28

Trunk
0 1
0.5 1
1 14
1.5 26
2 159

Lower extremity
0 1
0.5 15
1 55
1.5 44
2 86

Bladder function®

0 4

1 17

2 52

3 127

JOA, Japanese Orthopaedic Association
*Data defect: n =1
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Table 3. Distribution of answers for each item in the second interview

No
Item 1 2 3 4 5 answer
o 108 80 13
53.70% 39.80% 6.50%
02 155 41 5
77.10% 20.40% 2.50%
C03 124 53 17 6 1
61.70% 26.40% 8.50% 3.00% 0.50%
C04 105 61 23 10 2
52.20% 30.30% 11.40% 5.00% 1.00%
C05 86 74 37 4
42.80% 36.80% 18.40% 2.00%
Co6 132 43 15 10 1
65.70% 21.40% 7.50% 5.00% 0.50%
Co7 65 103 33
32.30% 51.20% 16.40%
C08 114 70 16 1
56.70% 34.80% 8.00% 0.50%
C09 129 57 14 1
64.20% 28.40% 7.00% 0.50%
C10 111 60 27 3
55.20% 29.90% 13.40% 1.50%
C11 121 68 12
60.20% 33.80% 6.00%
C12 138 52 11
68.70% 25.90% 5.50%
C13 68 88 44 1
33.80% 43.80% 21.90% 0.50%
QOL01 6 16 77 90 11 1
3.00% 8.00% 38.30% 44.80% 5.50% 0.50%
QOL02 39 91 69 2
19.40% 45.30% 34.30% 1.00%
QOLo03 36 97 66 2
17.90% 48.30% 32.80% 1.00%
QOLO4 33 74 93 1
16.40% 36.80% 46.30% 0.50%
QOL05 16 29 9 44 20 1
8.00% 14.40% 45.30% 21.90% 10.00% 0.50%
QOLO06 15 49 67 47 22 1
7.50% 24.40% 33.30% 23.40% 10.90% 0.50%
QOLO07 11 26 95 43 25 1
5.50% 12.90% 47.30% 21.40% 12.40% 0.50%
QOL08 12 35 122 45 15 2
6.00% 17.40% 45.80% 22.40% 7.50% 1.00%
QOL09 17 46 102 30 5 1
8.50% 22.90% 50.70% 14.90% 2.50% 0.50%
QOL10 8 56 65 55 17
4.00% 27.90% 32.30% 27.40% 8.50%
QOL11 18 60 74 38 11
9.00% 29.90% 36.80% 18.90% 5.50%
Discussion tial for evaluating a patient’s health status. We sought

Measurements of the outcome of cervical myelopathy
must have sufficient reliability and validity and should
be proven by means of statistical evaluation. The
current JOA scoring system for cervical myelopathy
has been widely used but has not been shown to
meet such a requirement.>®* A manner of measuring
patient-based outcome has also been regarded as essen-

to develop a new questionnaire using a psychometric
method. The newly proposed document, which is
self-administered and disease-specific, includes func-
tion of the cervical spinal cord and cervical spine
as well as health-related quality of life. The first-
and second-round surveys selected 24 of 77 items
after repeated discussions among the subcommittee
members."?
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Table 4. Reproducibility of each item

Item Item no. X 95% CI

C01 3 0.76 0.69-0.82
C02 3 0.59 0.50-0.67
C03 4 0.71 0.64-0.77
C04 5 0.74 0.69-0.79
C05 3 0.75 0.70-0.80
C06 5 0.69 0.63-0.76
Co7 3 0.80 0.75-0.85
C08 3 0.65 0.58-0.71
Cc09 3 0.68 0.62-0.75
C10 3 0.63 0.57-0.69
Cl1 3 0.72 0.65-0.77
C12 3 0.55 0.47-0.62
C13 3 0.71 0.66-0.76
QOL01 3 0.57 0.51-0.63
QOLO02 3 0.68 0.62-0.74
QOLO03 3 0.64 0.58-0.70
QOL04 3 0.73 0.67-0.78
QOLO05 5 0.58 0.52-0.63
QOLo06 5 0.55 0.49-0.60
QOL07 5 0.62 0.56-0.67
QOLO08 5 0.56 0.50-0.61
QOL09 5 0.56 0.50-0.61
QOL10 5 0.62 0.57-0.67
QOL11 5 0.49 0.42-0.54

In this third survey, we succeeded in confirming the
reliability of the 24 items. The next steps are to check
the validity of the questionnaire, perform a factor analy-
sis to determine the underlying cluster of the question-
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naire items, complete the measurement scale, and
confirm the responsiveness of the questionnaire.

Conclusion

The newly developed JOA Cervical Myelopathy Evalu-
ation Questionnaire (JOACMEQ) was proven to be
sufficiently reliable.
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Appendix

Twenty-four items as candidates for JOACMEQ (tem-
porary English eversion)

With regard to your health during the last week. please circle one response for
each of the following questions that best applies. If your condition varies
depending on the day or the time, circle the response that corresponds to your
condition at its worst.

C01 Can you fasten the front buttons of your blouse or shirt with both
hands?
1) possible without difficulty
2) possible if I spend time
3) impossible
C02 Can you eat a meal with your dominant hand using a spoon or a fork?
1) possible without difficulty
2) possible if I spend time
3) impossible
C03 Can you raise your arm? (Answer for the weaker side.)
1) I can raise it straight upward
2) possible, although the elbow and/or wrist is a little flexed
3) possible up to shoulder level
4) impossible
C04 Can you walk on a flat surface?
1) possible without difficulty
2) possible but slowly without any support
3) possible only with the support of a handrail, a cane, or a walker
4) possible but slowly even with support
5) impossible
CO5  Can you stand on either leg without holding onto something? (or the need
to support yourself)
1) possible on both legs individually for more than ten seconds
2) possible on either leg for more than ten seconds
3) impossible with either leg
C06 Do you have urinary incontinence?
1) no
2) when sneezing or straining
3) when retaining urine over a period of more than 2 hours
4) frequently
5) always
C07 How often do you go to the bathroom at night?
1) rarely
2) once or twice
3) three times or more
C08 Do you have a feeling of residual urine in your bladder after voiding?
1) rarely
2) sometimes
3) most of the time
C09 Can you initiate (start) your urine stream immediately when you want to
void?
1) most of the time
2) sometimes
3) usually not
C10 While in the sitting position, can you look up at the ceiling by tilting your
head upward?
1) possible without difficulty
2) possible to some degree
3) impossible
C11 Can you drink a glass of water without siopping despile the neck
symptoms?
1) possible without difficulty
2) possible to some degree
3) impossible
Cl12 Can you look at your feet when you go down the stairs?
1) possible without difficulty
2) possible to some degree
3) impossible
C13 While in the sitting position, can you turn your head toward the person
who is seated to the side but behind you and speak to that person while
looking at his/her face?
1) possible without difficulty
2) possible 1o some degree
3) impossible
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Appendix

Twenty-four items as candidates for JOACMEQ (in
Japanese)
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QOLo1

QOL02

QOL03

QOL04

QOLos

QOLO06

QOLO07

QOLo08

QOL09

QOL10

QOL11

How is your present health condition?

1) excellent

2) very good

3) good

4) fair

5) poor

Do you have difficulty in climbing up the stairs?
1) I have great difficulty

2) 1 have some difficulty

3) I have no difficulty

Do you have difficulty with one of the following: bending forward,
kneeling or stooping? If you have difficulty with one of them, how
difficult is it?

1) Ihave great difficulty

2) T have some difficulty

3) I have no difficulty

Do you have difficulty walking more than 15 minutes?
1) I have great difficulty

2) T have some difficulty

3) 1 have no difficulty

Have you been unable to do your work or ordinary activities as well
as you would like?

1) I have not been able to do them at all

2) I have been unable to do them most of the time
3) I have sometimes been unable to do them

4) T have been able to do them most of the time
5) I have always been able to do them

Has your work routine been hindered because of the pain?
1) greatly

2) moderately

3) slightly (somewhat)

4) little (minimally)

5) not at all

Have you felt discouraged and depressed?

1) always

2) frequently

3) sometimes

4) rarely

5) never

Do you feel exhausted?

1) always

2) frequently

3) sometimes

4) rarely

5) never

Have you felt happy?

1) always

2) almost always

3) sometimes

4) rarely

5) never

Do you think you are in decent health?

1) yes (I am healthy)

2) fairly (my health is better than average)

3) not very much (my health is average)

4) barely (my health is poor)

5) not at all (my health is very poor)

Do you feel your health will get worse?

1) very much so

2) a little bit at a time

3) sometimes yes and sometimes no

4) not very much

5) not at all
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Abstract

Background. Toestablishapatient-oriented outcome measure
for cervical myelopathy, a subcommittee of the Japanese
Orthopaedic Association (JOA) developed a new scoring
system to evaluate the overall clinical status of patients, which
could be completed by patients themselves. The subcommittee
completed three large-scale studies to select and modify ques-
tions derived from various preexisting outcome measures
including Short Form-36, and then finalized and validated the
questionnaire, which comprised 24 questions.

Methods. The finalized questionnaire was administered to
369 patients with cervical myelopathy due to disc herniation,
spondylosis, or ossification of posterior longitudinal ligament
by randomly selected board-certified spine surgeons. Patients
with different severities of myelopathy were included to insure
accuracy and responsiveness of this questionnaire against
patients’ different neurological status.

Results. Data of 236 patients were employed and were sub-
jected to rigorous statistical analyses. There was no question
that was difficult to answer and distribution of answers for
each question was not concentrated to one choice, indicating
the appropriateness of all 24 questions. Results of factor anal-
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ysis suggested that the 24 questions could be divided into
five different factors or functional domains. The factors were
defined as follows: factor 1, lower extremity function; factor 2,
quality of life; factor 3, cervical spine function; factor 4, bladder
function; and factor 5, upper extremity function. Finally, equa-
tions that would yield scores for the five factors were assem-
bled. The score to be used to represent the degree of patients’
disability or status in each domain can be calculated by mul-
tiplying prefixed numbers of selected answers to questions by
preassigned coefficients. Coefficients were defined to make
the minimum score 0 and the maximum score 100.
Conclusions. We have successfully established a question-
naire that is able to demonstrate the status of patients suffer-
ing cervical myelopathy from five different aspects represented
by five intuitive numerical scores. The final issue to be con-
firmed is the responsiveness of this questionnaire to changes
in patients’ status after various surgical and nonsurgical
treatments.

Introduction

The Japanese Orthopaedic Association scoring system
for the evaluation of cervical myelopathy (JOA score)
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was first established by a committee of the JOA chaired
by Hirabayashi.' Since then, this scoring system has
been accepted universally in Japan as a tool to measure
the outcomes of surgical and nonsurgical treatments
for various cervical spinal disorders that cause cervical
myelopathy. The JOA score first appeared in the English
literature in 1980 when Hirabayashi published an article
describing surgical results in patients with ossification
of the posterior longitudinal ligament of the cervical
spine (OPLL) that underwent expansive open-door
laminoplasty.” The JOA score underwent the first revi-
sion in 1994 to reflect the deficits in shoulder and elbow
functions, which are often caused by cervical root lesions,
and this revised version was officially translated into
English.’ Various modified versions of the JOA score
have also been introduced in the western countries.”®
The JOA score is a disease-specific and physician-
oriented system that mainly assesses the neurological
status of the patient and enables surgeons to compare
the changes in the neurological status of the patient
before and after certain treatments. Due to emerging
needs to evaluate the impairments in patients’ activities
of daily living (ADL), which is related directly to their
quality of life (QOL), various patient-oriented outcome
measures, for example, the Short Form (SF)-36, have
been developed and adopted into clinical practices in
different medical fields.” To take up such needs, the JOA
together with the Japanese Society of Spine Surgery and
Related Research (JSSR), formerly called the Japanese
Spine Research Society (JSRS), has appointed several

Table 1. Sex and age distribution of patients
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members of the Clinical Outcomes Committee of the
JOA to organize a subcommittee, the aim of which is
to develop a completely new patient-oriented scoring
system for the evaluation of clinical results in patients
with back pain and cervical myelopathy. The subcom-
mittee decided to construct a self-rating questionnaire
that could be filled out by patients themselves.
Candidates of the questions to be included in the
questionnaire were selected and modified from various
preexisting outcome measures including the SF-36, the
Rolland and Morris Disability Questionnaire, and the
Oswestry Disability Index.** The subcommittee com-
pleted three large-scale studies to select and validate the
questions that would ultimately become parts of the
new JOA scoring system and as a result, the question-
naires including 25 and 24 questions for the evaluation
of back pain and cervical myelopathy respectively were
finalized.”*™ In the present study, the cervical version of
the finalized questionnaires was administered to patients
with cervical myelopathy of different severity to insure
the accuracy and responsiveness of this questionnaire
and the obtained data were subjected to factor analysis
in order to divide the 24 questions into different func-
tional domains. The titles of the domains were desig-
nated according to the context of the questions in each
domain. Finally, the equations that would yield scores
based on the answers to the questions, selected by the
patients, in the different domains were established. The
scores would represent the degree of patient disability
in the functional domains.

Severity of myelopathy

Age groups

Sex (years) Mild Moderate Severe NA Total
Male 20-29 0 0 1 1
30-39 5 6 3 14

40-49 5 5 8 18

50-59 16 18 6 1 41

60-69 24 26 9 59

70-79 7 9 7 23

80-89 3 1 2 6

>90 0 0 0 0

Total 60 65 36 1 162

Female 20-29 0 0 0 0
30-39 2 1 0 3

40-49 3 6 0 9

50-59 4 8 2 14

60-69 11 8 4 23

70-79 5 8 7 20

80-89 2 2 1 5

>90 0 0 0 0

Total 27 33 14 74

Total 87 98 50 1 236
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Table 2. Distribution of scores for subdomains in original scoring system of Japanese Orthopaedic Association

Domain Function Score Response number
Motor Upper extremity: feeding
Impossible 0 5
Severe 1 22
Moderate 2 56
Mild 3 92
Normal 4 61
Motor Upper extremity: shoulder and elbow function
Severe -2 8
Moderate -1 14
Mild 0.5 45
Normal 0 166
Unknown 3
Motor Lower extremity: gait
Impossible 0 9
0.5 1
Severe 1 26
1.5 23
Moderate 2 39
2.5 20
Mild 3 59
Normal 4 59
Sensory Upper extremity
Severe 0 9
0.5 40
Moderate 1 111
Mild 1.5 60
Normal 2 16
Sensory Trunk
Severe 0 1
0.5 5
Moderate 1 39
Mild 1.5 26
Normal 2 165
Unknown
Sensory Lower extremity
Severe 0 4
0.5 24
Moderate 1 69
Mild 1.5 46
Normal 2 93
Bladder Urinary dysfunction
Severe 0 3
Moderate 1 40
Mild 2 55
Normal 3 138
Unknown
n =236

Materials and methods

The subcommittee randomly chose 369 out of 829
board-certified spine surgeons who were registered in
the JSSR database and asked them to participate in the
present survey. Each surgeon was asked to administer
the questionnaire to patients with cervical myelopathy
due to disc herniation, spondylosis, or OPLL. The sur-
geons were required to include at least one patient each
with mild, moderate, and severe myelopathy according
to the discretion of each surgeon. Patients with (1)
myelopathy due to nondegenerative diseases, such as

trauma, tumor, and rheumatoid arthritis; (2) other mus-
culoskeletal diseases that would affect the evaluation of
myelopathy; (3) difficulties filling the questionnaire due
to their specific physical (e.g., defects or impairments in
the limbs) or mental conditions (e.g., dementia, disori-
entation); and (4) a history of previous spinal surgery,
were excluded from the analysis. Those who partici-
pated in our previous studies were also excluded. The
surgeons were also asked to assess the neurological
status of the patients using the original JOA scoring
system. This study was approved by the Ethics Commit-
tee of the JSSR, and informed consent was obtained
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Table 3. Distribution of answers for 24 questions
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Response
Question 1 2 3 4 5
Q1-1 108 (45.8) 103 (43.6) 25 (10.6)
Q1-2 171 (72.5) 56 (23.7) 9 (3.8)
Q1-3 154 (65.3) 49 (20.8) 23 (9.7) 10 (4.2)
Q1-4 107 (45.3) 82 (34.7) 24 (10.2) 15 (6.4) 8 (3.4)
Q1-5 107 (45.3) 72 (30.5) 57 (24.2)
Q1l1-6 153 (64.8) 49 (20.8) 19 (8.1) 12 (5.1) 3 (1.3)
Q1-7 77 (32.6) 114 (48.3) 45 (19.1)
Q1-8 127 (53.8) 83 (35.2) 26 (11.0)
Q1-9 143 (60.6) 73 (30.9) 20 (8.5)
Q1-10 120 (50.8) 86 (36.4) 30 (12.7)
Q1-11 140 (59.3) 70 (29.7) 26 (11.0)
Q1-12 161 (68.2) 53 (22.5) 22.(9.3)
Q1-13 91 (38.6) 90 (38.1) 55 (23.3)
Q2-1 6 (2.5) 14 (5.9) 87 (36.9) 100 (42.4) 29 (12.3)
Q2-2 48 (20.3) 113 (47.9) 75 (31.8)
Q23 43 (18.2) 126 (53.4) 67 (28.4)
Q2-4 46 (19.5) 98 (41.5) 92 (39.0)
Q2-5 25 (10.6) 45 (19.1) 95 (40.3) 51 (21.6) 20 (8.5)
Q2-6 38 (16.1) 49 (20.8) 75 (31.8) 50 (21.2) 24 (10.2)
Q2-7 24 (10.2) 31 (13.1) 105 (44.5) 53 (22.5) 23 (9.7)
Q2-8 24 (10.2) 38 (16.1) 113 (47.9) 40 (16.9) 21 (8.9)
Q29 14 (59) 46 (19.5) 104 (44.1) 50 (21.2) 22 (9.3)
Q2-10 26 (11.0) 68 (28.8) 51 (21.6) 56 (23.7) 35 (14.8)
Q2-11 38 (16.1) 76 (32.2) 73 (30.9) 36 (15.3) 13 (5.5)

Numbers given in parentheses are percentages of the total response

from each subject. The completed questionnaires and
the results of the original JOA scoring system were col-
lected and sent to the independent central organization
where biostatisticians compiled the results and input
patient data into a spreadsheet. Rigorous statistical
analyses including factor analysis were performed using
SPSS software (Version 12, SPSS, Chicago, IL, USA).

Results

Three hundred and sixty-nine patients were initially
recruited for this survey. Among them, 106 patients
were excluded because they had other musculoskeletal
disorders that could affect the evaluation of cervical
myelopathy. Most of them had nonspecific low-back
pain without neurological symptoms (n = 70) and mild
knee joint pain due to osteoarthritis (n = 22). Twenty-six
patients gave no answers to one or more questions and
were also excluded. One other patient was excluded
because of the discretion of the surgeon in charge. The
data of the remaining 236 patients were employed. The
sex and age distributions of patients and the distribu-
tions of the scores for different subdomains in the origi-
nal JOA scoring system are given in Tables 1 and 2.
Because the majority of the excluded patients were
those having other musculoskeletal diseases due to

spondylosis or osteoarthritis, the average age was sig-
nificantly higher in the excluded patients than those that
were included. The average scores for shoulder/elbow
function and lower motor function in the JOA scoring
system were significantly lower in the excluded patients
than those for the included subjects.

The incidence of unanswered questions was less than
5%, indicating that there was no question that was dif-
ficult to answer. There also was no question for which
the distribution of the answer was concentrated to one
choice (Table 3), indicating the appropriateness of all 24
questions.

Results of factor analysis revealed that there were six
common factors whose eigenvalues exceeded 1.0, which
are thought to be the factor having significant contribu-
tions to the result. We decided to employ the first five
factors because the cumulative contribution rate of the
first five factors reached 60% and the contribution of
the sixth factor was less than 5% (Table 4).

According to the calculation of the factor loadings
after orthogonal rotation using the direct oblimin
method with the Kaiser normalization, correlations
among the 24 questions and the selected five factors
were reexamined. When the maximum factor loading of
a question exceeded 0.40, that question was supposed
to be correlated with the factor. All 24 questions were
judged to have correlation with at least one of the five
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Table 4. Results of factor analysis
Cumulative
Factor Eigenvalue Contribution rate (%) contribution rate (%)
1 8.86 36.9 36.9
2 2.02 8.4 453
3 1.56 6.5 518
4 1.36 5.6 575
5 1.20 5.0 62.5
6 1.08 4.5 67.0
7 0.81 34 70.3
8 0.71 3.0 733
9 0.67 2.8 76.1
10 0.62 2.6 78.7
11 0.53 22 80.9
12 0.51 2.1 83.0
13 0.48 20 85.0
14 043 1.8 86.8
15 0.41 1.7 88.5
16 0.40 1.7 90.2
17 0.38 1.6 91.7
18 0.35 1.5 93.2
19 0.32 14 94.6
20 0.30 13 95.8
21 0.28 1.2 97.0
22 0.27 1.1 98.1
23 024 1.0 99.1
24 0.22 0.9 100.0
n=236
Bold typeface indicates eigenvalues over 1.0
factors, except for Q1-4 and Q1-12. Q1-4 had relatively Table 5. Factor loading after orthogonal rotation
higher factor loadings for both factor 1 and 5 and this Factors
question was judged to be correlated with both factors. _
Q1-12 was first judged to be weakly correlated with ~ Question 1 2 3 4 5
factor 5 with a factor loading of 0.37; however, the com- 01-5 0.58 010 014 012 0.11
mittee decided to correlate this question also to factor Q1.4 0.55 0.05 —0.08 012 0.40
3 after reading the context of the question and given  Q2-3 —0.39 0.25 0.16 0.18 -0.04
that the factor loading of 0.32 was also moderately high ~ Q2-4 -0.39 0.24 0.10 033  -0.09
(Table 5) Q2-2 -0.52 0.20 0.13 0.24 -0.03
.- . . Q2-7 -0.10 0.79 0.00 0.08 -0.01
According to the interpretations of the context of the 02-8 0.14 073 0.06 012 —0.06
questions that were divided into the five factors, each Q2-11 -0.01 0.68 021 0.03 0.01
factor was categorized as follows; factor 1:lower extrem-  Q2-6 0.05 0.55 0.25 -0.06 -0.06
ity function; factor 2: quality of life; factor 3: cervical 8%?0 —8§; _33; 8(1)2 _8(1)?) —812
spine functxox}; factor 4 bladder function; and factor 5: 021 012 —0.60 004 0.01 0.0
upper extremity function. Q29 013  -0.66 013 010  -0.06
To establish an equation to calculate the individual  Q1-11 —0.02 0.03 —0.57 —0.24 0.10
score for each factor/domain that would intuitively indi-  Q1-13 0.05 -006 075 0.00 0.05
cate the status of a patient with regard to the designated =~ Q1-10 004 001  -0.87 007  -0.06
function, the questions that had the maximum absolute Qi1-12 0.10 0.04 -0.32 —021 0.37
. Q1-9 0.08 —0.05 -0.07 -0.43 -0.01
factor loading value were used to calculate the score for 57 7 0.14 004 0.09 —0.53 003
the factor. For example, Q1-5 was used to calculate the Q1-6 0.00 0.02 0.01 —0.58 0.03
score for factor 1 (lower extremity function), because =~ Q1-8 -0.11 001 -006 -0.61 0.00
the factor loading of this question for factor 1 was mark- 8%% 85 -3(1% 88% 8(1)(2) gzg
edly larger (0.58) than those for the other four factors Q1.3 027 011 ~0.05 o1 0.60

(-0.10,-0.14,-0.12,0.11). As described above, Q1-4 and
Q1-12 were used to calculate the scores for both factors
1 and 5, and 3 and 5, respectively (Table 5). The score
was derived by multiplying the prefixed number of the

Method of factor extraction: unweighted least-squares method. Or-
thogonal rotation: direct oblimin method with Kaiser normalization
Bold typeface indicates absolute value of the factor loading of more
than 0.35
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Table 6. Coefficients for calculation of severity score
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Factors

1 2
Lower extremity Quality of

Question function life

3 4 S
Cervical spine Bladder Upper extremity
function function function

Q1-1

Q1-2

Q1-3

Q1-4 -10
Q1-5 -10
Q1-6

Q1-7

Q1-8

Q1-9

Q1-10

Q1-11

Q1-12

Q1-13

Q2-1 -3
Q2-2 15
Q2-3 5
Q24 5
Q2-5

Q2-6

Q2-7

Q2-8

Q2-9

Q2-10

Q2-11

-10
-15
-5
-5

-10

=5

-10

=5
20
-10

-5 -5

~15

Table 7. Equations to calculate scores for different factors

Factor

Equation

1 Lower extremity function
2 Quality of life

—24) x100 + 96
3 Cervical spine function
4 Bladder function
5 Upper extremity function

(014x10+Q1-5%x 10+ Q2-2 x 15 + Q2-3 X 5 + Q2-4 x 5 — 45) x 100 + 105
(Q2-1x3+Q2-5x2+Q2-6x2+Q2-7x5+Q2-8x4+Q2-9x3+Q2-10x2+ Q2-11x3

(Q1-10x 20 + Q1-11 x 10 + Q1-12 x 5 + Q1-13 x 15 - 50)
(Q1-6 x10+ Q1-7 x5 + Q1-8 x 10 + Q1-9 x 5 — 30) x 100 + 80
(Q1-1x10+01-2x 15+ Q1-3x 5+ Q1-4 x5+ Q1-12 x 5 - 40) x 100 + 95

answer, selected by the patient, by the coefficient that
were defined to make the difference between the
minimum and maximum scores to be approximately 100
points (Table 6). The additional coefficients were also
assigned to adjust the minimum score to be 0 and the
maximum score to be 100. The final equations for the
scores for the five domains are shown in Table 7.

Discussion

In our previous studies, the questionnaires were con-
structed by referring to various preexisting outcome
measures including the SF-36, the Roland and Morris
Disability Questionnaire, and the Oswestry Disability
Index,” which have commonly been used for patients

with different spinal disorders. We also took extra care
to maintain relevance to the original JOA scoring
systems by carefully assessing the correlation between
the new and original systems. The new questionnaires
have been revised several times and underwent many
validation processes using rigorous statistical analyses.
As a result, 24 questions were selected as the items of
the finalized questionnaires for back pain and cervical
myelopathy.'*

In the present study, patients with different severity
of cervical myelopathy were examined using the cervi-
cal version of the questionnaires to insure the accuracy
and responsiveness of this questionnaire against various
neurological states of the patient. Factor analysis was
used to divide the 24 questions into different factorial
domains, and the domains were categorized by inter-



