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(men: OR 1.31, 95% CI 1.00-1.71, P=0.051; women: OR
1.20, 95% CI 0.94-1.53, P=0.14). In both men and women,
no significant relationship was identified between utility of
the EuroQol EQSD questionnaire and height at baseline
(men: B=-0.148, SE=0.003, P=0.202, R*=0.076; women:
$=0.127, SE=0.004, P=0.235, R*=0.048), and height
change (men: B=-0.078, SE=0.008, P=0.452, R?=0.065;
women: p=0.033, SE=0.010, P=0.608, R*=0.038).

Keywords Bone mineral density - Cohort study -
Height loss - Osteoporosis - Quality of life - Vertebral fractures

Introduction

Osteoporotic fracture is one of the leading reasons for the
elderly becoming bedridden in Japan [, 2]. Among
fractures associated with osteoporosis, hip fracture results
in confinement to bed and markedly impaired quality of life
(QOL) in aged individuals. The number of patients with
femoral neck fracture has almost doubled over the past
15 years from 1987 to 2002 [3, 4]. Prevention of
ostcoporosis and osteoporotic fracture is, therefore, an
urgent issuc for maintaining QOL in the elderly and
containing the medical costs of their care.

For the prevention of osteoporosis, the importance of
risk assessment must be emphasized. As a risk factor of
osteoporosis and osteoporotic fractures, anthropometric
measurements no doubt have an important role to play.
Particularly among anthropometric measures, light weight
|5-8], weight loss [9, 10], and low body mass index (BMI)
[11-13] suggest a risk of osteoporosis and osteoporotic
fractures. However, data arc scarcer on relationships between
height loss and subsequent rate of changes in bone mineral
density (BMD) or osteoporotic fractures. In addition, few
reports have assessed relationships between height loss and
subsequent loss of QOL.

To clarify associations between height or height loss and
bone loss, osteoporotic fractures focused on vertebral
fractures and QOL scores among general inhabitants, the
present study was performed as a postal survey on the
cohort established in Miyama, a rural Japanese community,

Methods

Establishment of baseline cohort

This population-based epidemiological study was initiated
in 1990 in Miyama, a mountain village in Wakayama
Prefecture, Japan. As the Miyama cohort has been profiled

in detail elsewhere [14, 15], subject characteristics are
summarized here briefly. A list of all inhabitants born in
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this village between 1910-1949, and therefore aged 40 to
79 years, was compiled from the register of residents as of
the end of 1989, A cohort of 1,543 inhabitants (716 men,
827 women) was identified, all of whom completed a self~
administered questionnaire covering daily activities, such as
dietary habits, smoking habits, alcohol consumption and
physical exercise (125 items) (the whole cohort).

From the above whole cohort, a BMD cohort was
recruited, consisting of 400 participants, divided into four
groups of 50 men and 50 women each, and stratified into age
decades by decade of birth-year (1910-1919, 1920-1929,
19301939, 1940-1949). An interviewer administered a
second questionnaire to these 400 participants, covering items
of past medical history, family history, calcium intake, dietary
habits, physical exercise, occupational activities and sun
exposure, in addition to reproductive variables for women.

BMD and anthropometric measurements

The baseline measurement of BMD was made in 1990.
Dual energy X-ray absorptiometry (DXA:Lunar DPX,
Madison, WI, USA) was used for the measurement of
BMD, providing antero-posterior images at lumbar verte-
brae 1.2-4 and the proximal femur (femoral neck, Ward's
triangle, trochanter, and total hip). In addition to BMD,
physical measurements of height and body weight were
taken, and BMI (kg/m®) was calculated. Height and weight
at each visit were all measured by the same well-trained
public health nurse (TT).

BMD measurements were repeated on the same partic-
ipants at 3, 7 and 10 years after baseline measurement (1993,
1997 and 2000). Rates of change in BMD and height change
were calculated over the 10-year period, classified by sex
and age stratum. BMD measurements at all visits were
performed by the same well-trained medical doctor (NY).

To control for precision of DXA, the equipment was
checked every examination in 1990, 1993, 1997 and 2000
using the same phantom, and BMD of the phantom was
regulated to 1.270 £0.025 g/cm” (2%) during examinations.
In addition, to control for observer variability, all partic-
ipants were examined by the same medical doctor. Intra-
observer variability of DXA (Lunar DPX) in vitro and in
vivo had been measured for a prior study [16], using the
same doctor, and CV% for L2-4 in vitro was determined as
0.35%, while CV% for L2-4, proximal femur, Ward's
triangle and trochanter, examined in vivo in five male
volunteers, were 0.61-0.90%, 1.02-2.57%, 1.97-5.45%
and 1.77-4.17%, respectively.

Radiography

Radiographic examination of the spine was performed on
all participants in 1990. Anteroposterior and lateral images
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of thoracolumbar vertebrae Th3-1.5 were used for diagnosis
(Initial X-ray survey). Radiographic examination was again
performed on subjects who provided consent after 10 years,
Lateral images of thoracolumbar vertebrac Th5-L5 were
again used for diagnosis (2nd X-ray survey). Lateral spinal
radiographs were examined for the presence of one or more
vertebral fractures (VFx) between ThS5-L5, using the
criteria determined by the Japan Bone and Mineral Society
(Fig. 1) [17]. According to these criteria, measurement of
anterior, middle and posterior heights on lateral radiography
of the thoracic and lumbar spine is required, to determine
ratios defining the anterior wedge, biconcave and com-
pound dimensions of the vertebral bodies. Diagnosis of
VFx on all radiographs was performed by the same
experienced orthopedic doctor (HK). In the present study,
cumulative incidence over 10 years was detected by
dividing the number of incident cases by the number of
participants in the follow-up study, and cases with previous
VFx were excluded from both numerators and denomina-
tors. In this analysis, cumulative incidence of cases with
first VFx was detected.

QOL postal survey

The QOL questionnaire postal survey was performed in
2002. To select QOL items, the Euro Qol EQSD question-
naire [ 18] translated into Japanese was used, comprising the
following two parts: a 5-dimensional health state classifi-
cation; and a visual analogue scale (VAS) called the
“thermometer” [19]. The 5-dimensional healthcare classifi-
cation included questions on the status of morbidity, self-care,
usual activities, pain/discomfort and anxiety/depression.
Participants were asked to indicate current health status by
ticking the most appropriate of three statements about each of
five QOL dimensions. Each statement represents an increas-
ing degree of severity. These results were coded and converted
to a score of utility using the tables of values. The VAS
“thermometer” represents a self-rated scale of current health-
related QOL. The endpoint of 100 at the top indicates the best
imaginable health state, and 0 at the bottom indicates the worst

imaginable health state at that time.
«
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Fig. 1 Diagnostic criteria of vertebral fractures

Statistical analysis

Statistical analyses were performed using SPSS statistical
software (SPSS, USA) and STATA software (STATA,
USA). Differences were tested for significance using
ANOVA for comparison among multiple groups and
Scheffe’s LSD test for pairs of groups. Significant items
were selected, and multiple regression analysis was
performed with adjustment of suitable variables.

Results
Eligible participants

From the whole cohort of 1,543 inhabitants (716 men, 827
women), 50 men and 50 women in each decade age group
between 40-79 years (a total of 400 participants) were
recruited for baseline bone densitometry in 1990 (baseline
BMD cohort).

To evaluate the representativeness of subjects in the
baseline BMD cohort compared to the whole cohort, the
prevalence of 125 items of the self-administered question-
naire, results of physical measurements and blood exami-
nation were compared between members of the BMD and
whole cohorts [14]. As a result, prevalence of lifestyle
factors such as smoking and drinking were identical among
BMD and whole cohorts. In addition, no significant
differences existed in frequency distribution of the follow-
ing items favorable to the maintenance of good health
among BMD and whole cohorts: sleeping 7-8 h/day;
exercise and sports >1 h/day; walking =30 min/day; eating
regularly; reduction of salt intake compared with age 30;
less stress; less anger. Regarding medical examinations, no
significant differences in blood pressure classified by age
and sex were seen between cohorts. Moreover, no abnormal
values in serum calcium or phosphorus were observed. In
view of these findings, subjects in the BMD study were
considered to have been selected adequately from the whole
cohort.

A total of 299 of 400 participants (137 men, 162 women;
74.8%) completed the follow-up survey after 10 years. Loss
of 101 participants was due to following: death, n=55 (37
men, 18 women); moved away from Miyama, n=16
(8 men, 8 women); illness, n=13 (4 men, 9 women); busy,
n=8 (8 men); refused to participate further, n=5 (5 men),
and away from the area at the time of follow-up, n=4
(1 man, 3 women). Analysis was performed on the 299
subjects who had participated in all surveys performed in
1990, 1993, 1997 and 2000.

A comparison of physical characteristics between com-
pleters and non-completers has been described elsewhere
[20], and is briefly summarized here. Height, weight and
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BMI classified by age-strata and sex were identical between
completers and non-completers, while mean age of female
completers in their 70s was significantly younger than that
of female non-completers (completers, 71.7 years (standard
deviation (SD), 1.8 years) vs. non-completers 75.1 years
(SD; 2.8 years); p<0.001).

Table 1 shows the characteristics including anthropo-
metric factors and BMDs at the time of baseline measure-
ment for participants who completed the 10-year follow-up
(Table 1). Mean height and weight of the remaining
participants were smaller according to age, while BMI did
not differ significantly for both men and women in all age
groups except men in their 70s.

Height loss and bone loss

Table 2 shows mean change of height, weight, BMI and
change rate of BMDs over 10 years by age and gender
(Table 2). Height and weight of men and women decreased
in all age strata, and these decreases were greatest in
subjects in their seventics. BMI in the 50s, 60s and 70s
were decreased over 10 years in both genders, but no
significant differences were seen among age-strata. BMDs
at the lumbar spine and femoral neck decreased except for
BMD at the lumbar spine in men.

To clarify associations between height, height change
and changes in BMD, multiple regression analysis was
performed. Rate of change of BMD (%/year) was used as
an objective factor and height at baseline (cm) or change of
height (cm/10 years) were used as explanatory factors.
Analysis was performed after adjustment for age and
female menstrual status at baseline (0, regular; 1, irregular;
2, menopause). In both men and women, no significant
relationship was identified between bone loss and height at

baseline (lumbar spine: men, B=-0.046, standard error of
the mean (SE)=0.011, P=0.653, R?=0.036; women,
B=-0.042, SE=0.014, P=0.652, R*=0.032; femoral neck:
men, $=0.143, SE=0.014, P=0.149, R*=0.125; women:
(3=0.078, SE=0.014, P=0.397, R*=0.043).

Regarding the association between height loss and bone
loss over 10 years, no significant relationship was identified
between height change and rate of change of BMD at the
lumbar spine and femoral neck after adjusting for age in
men (lumbar spine: $=0.058, SE=0.031, P=0.501, R*=
0.038; femoral neck: p=0.100, SE=0.038, P=0,228, R?=
0.121). In contrast, among women, significant positive
associations were noted between height change and change
rate of BMD at the lumbar spine after adjusting for age (f=
0.221, SE=0.039, P=0.012, R?=0.069), while no signifi-
cant relationship was noted between height change and
change rate at the femoral neck (B=0.107, SE=0.039, P=
0.229, R*=0.048).

Height loss and vertebral fractures

As reported elsewhere [21], 32 men and 35 women had
suffered from previous VFx at the initial survey. Cumula-
tive incidences of first VFx at follow-up for subjects in their
40s, 50s, 60s and 70s were thus 2.9%, 2.8%, 8.6% and
21.1% in male completers, respectively, and 2.1%, 7.0%,
18.9% and 31.3% in female completers, respectively.
Cumulative incidence of first VFx among participants
during follow-up increased with age in both men and
women, and was higher in women than in men in all age-
strata except the 40s.

Table 3 shows differences in height at baseline and
height loss between the incident group and non-fracture
group, Both height and height loss over the 10 years were

Table 1 Charactenistics at the baseline measurement of participants completed 10-year follow-up

Anthropometric factors

Bone mineral density (g/cm?)

Birth cohort Age strata N Age (years) Height(em) Weight(kg) BMI (kg/m®) L2-4 Femoral neck
Men
1940-1949  40-49 36 44.1(3.1) 166.5 (5.9) 64.4 (8.9) 231 (2.3) 1.19 (0.17) 0.98 (0.16)
1930-1939  50-59 41 53.9 (2.6) 162.0 (5.7)" 60.2 (8.0) 229 (24) 1.15 (0.20) 0.90 (0.18)
1920-1929 60-69 L] 63.2 (2.8) 159.4 (5.4)* 56.1 (7.5 22.0(2.4) 1.03 (0.19)* 0.82 (0. I2)‘"
1910-1919  70-79 2 73227 1553 (6.5)™ 500 (84" 206 (2.6)" 1.03 (0.20)" 0.79 (0.11)™
Women
1940-1949  40-49 49 44731 152.5 (4.7) 53.3 (84) 229 (2.8) 1.18 (0.16) 0.88 (0.12)
1930-1939  50-59 46  54.8(2.6) 149.6 (5.3) 50.3 (7.4) 224 (2.8) 0.99 (0.18)" 0.75 (0.12)*
1920-1929  60-69 40 644 (2.8) 147.4 (5.1)" 474 (6.8)" 21.8 (3.0) 0.86 (020  0.69 (0.11)*
1910-1919  70-79 27 TLT(1.8) 143.1 (5.5 454 (77" 22.1 (3.0) 0.79 (0.16/  0.65 (0.09)™
Mean (SD)

a: Significantly different from values of the birth cohort group born in 19401949
b: Significantly different from values of the birth cohort group bom in 1930-1939
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Table 2 Changes in height, weight, BMI and change rate in bone mineral densities over 10 years by age and gender

Age at initial survey Change rate of anthropometric factors

Change rate of bone mineral density

Age strata (years) Height (cm) Weight (kg) BMI (kg/m”) L.2-4 (%/year) Femoral neck (%/year)
Men
40-49 -0.73 (221) ~0.21 (5.09) 0.17 (2.20) 0.17 (0.69) ~0.26 (0.86)
50-59 ~0.54 (2.09) -0.83 (3.69) ~0.18 (1.38) 0.55 (0.58) ~-0.13 (0.84)
60-69 -1.19 (2.41) -3.01 (4.80) —0.86 (1.84) 0.01 (0.89)" -0,75 (0.97)"
70-79 -1.54 (1.72) -3.05 (3.88) —0.84 (1.65) -0.16 (0.68)" -1.17 {I.U‘})"’
Women
40-49 0.69 (1.21) ~0.33 (3.22) 0.06 (1.39) -0.87 (0.71) =0.53 (0.70)
50-59 =1.37 (1.18) ~1.74 (3.64) —0.35 (1.69) -0.83 (0.75) -0.53 (0.71)
60-69 ~2.06 (2.08)" ~2.44 (3.55) ~0.58 (1.69) ~0.48 (0.71) ~0.50 (0.87)
70-79 -3.65 (2.83)" ~3.09 (3.48) -0.42 (1.76) —0.48 (1.48) ~1.16 (1.32)"*
Mean (SD)

a: Significantly different from values of the age-group in their 40s
b: Significantly different from values of the age-group in their 50s
¢: Significantly different from values of the age-group in their 60s

also greater in the group with VFx than without VFx. To
clarify associations between height or height change and
incidence of VFx after excluding the effects of age, logistic
regression analysis was performed. We utilized new VFx
over 10 years (1: yes; 0: no) as an objective factor and
height at baseline (cm) or change of height (cm/10 years) as
explanatory factors. Analysis was performed after adjusting
for age and female menstrual status at baseline (0: regular;
1: irregular; 2: menopause). After logistic regression
analysis, no significant relationship was identified between
VFx and height at baseline in men and women (men: odds
ratio (OR) 0.93, 95% confidence interval (CI) 0.81-1.05,
P=0.24; women: OR 0.97, 95% CI 0.87-1.08, P=0.58).
Furthermore, a non-significant relationship was scen be-
tween cumulative incidence of VFx and height loss in men
and women (men: OR 1.31, 95% CI 1.00-1.71, P=0.051;
women: OR 1.20, 95% CI 0.94-1.53, P=0.14).

Table 3 Comparison of height (cm) at baseline and height loss between
the group with new vertebral fractures and the no fracture group

VFx* over 10 years

No Yes P
(n=116) (n=9) (Yes vs. No)
Men Height (cm) 161.8 (6.49) 1564 (7.76) D.014

Height loss
{em/10 years)

No (n=128) Yes (n=16)

149.7 (5.75) 1459 (6,43) 0.015
1.33 (1.78) 2.88 (2.26) 0.002

0.87 (2.08) 2.59 (2.23) 0.019

Women Height (cm)
Height loss
(em/10 years)

*VFx: vertebral fractures

Height loss and QOL

Among the 299 subjects who participated in the latest
follow-up survey in 2000, 212 answered the QOL ques-
tionnaire distributed in 2002 (94 men, 118 women; 70.9%).

Figures 2 and 3 show mean values for utility in EQ5D
health states and VAS scores classified by age and gender.
Mean utility for EQSD in men in their 40s (n=30), 50s (n=
33), 60s (n=25) and 70s (n=6) were 0.95, 0.87, 0.88 and
0.83, respectively, compared to 0.90, 0.85, 0.81 and 0.77 in
women in their 40s (n=42), 50s (n=32), 60s (n=31) and
70s (n=13). VAS values in men were 76.6, 75.1, 72.4 and
63.8, respectively, compared to 77.6, 73.9, 67.6 and 71.7,
respectively, in women. Utility of EQSD decreased accord-
ing to age in both men and women, while mean VAS scores
were lowest for women in their 60s.

We utilized multiple regression analysis using utility of
EQS5D health states or VAS scores as an objective factor
and height at baseline (cm) or change of height (cm/
10 years) as explanatory factors to clarify associations
between height and QOL. Analysis was performed after
adjusting for age and female menstrual status at baseline

1 Men 125, Women
1.00 1.001 l f
0.75+ 0.754
0.501 0.50+
0.251 0.251

0.0 D

40 50 60 70 40 50 60 70
Age at baseline (years) Age atf baseline (years)

Fig. 2 QOL score classified by age and gender
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Fig. 3 VAS scores classified by age and gender

(0: regular; I: irregular; 2: menopause). In both men and
women, no significant relationship was identified between
utility of EQSD and height at baseline (men: $=-0.148,
SE=0.003, P=0.202, R*=0.076; women: f=0,127, SE=
0.004, P=0.235 R?=0.048), and height change (men:
3=—0.078, SE=0.008, P=0.452, R?*=0.065; women: p=
0.053, SE=0.010, P=0.608, R*=0.038). Regarding VAS
scores, height at baseline among men and women was not
significantly associated VAS scores (men: f=-0.148; SE=
0.003, P=0.202, R*=0.076; women: p=0.066, SE=0.255,
P=0.532, R*=0.092). In addition, no significant associa-
tions were identified between utility of VAS scores and
height change (men: fa=—0.148, SE=0.003, P=0.202, R*=
0.076; women: p=0,142, SE=0.698, P=0.160, R*=0.105).

Discussion

The present study clarified associations between height,
height change and bone loss and cumulative incidence of
VFx. Furthermore, we assessed the usefulness of height and
height change as predictors of future QOL. As a result, we
identified significant positive associations between height
change and change rate of BMD at the lumbar spine in
women after adjusting for age and menstrual status, while
no significant relationships were found between height or
height change at the femoral neck in either men or women.
Regarding associations between height, height change and
cumulative incidence of first VFx, both height and height
loss over the 10 years were also greater in the group with
VFx than in the group without VFx, but the association was
less significant in logistic regression analysis after adjusting
for age. No significant relationships existed between height,
height change and future QOL in men or women.
Particularly among anthropometric measurements, light
weight [5-8], weight loss [9, 10] and low BMI [11-13]
could suggest a risk of osteoporosis and osteoporotic
fractures. Conversely, few investigations have reported that
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height and height loss arc associated with low BMD or
bone loss. We have already reported that tall height is
associated with greater bone loss over 3 years [22]. Twiss
et al. [23] reported that actual height loss is associated with
risk factors of ostcoporosis, while Thomton et al. [24]
evaluated relationship between height change and bone
mineral density among 168 healthy women at 50- to 65-
years-old, and reported no significant relationships between
height change and BMD. Kantor [25] reviewed cross-
sectional data from 2,108 women referred for a bone
density scan and reported that a height loss of =2 inches
offers a highly significant predictor of osteoporosis at the
hip [25]. As mentioned, investigations into associations
between height and bone loss have yielded controversial
results, and no data from follow-up studies over periods as
long as 10 years have been available. The present study
clarified that greater height loss was associated with greater
bone loss at the lumbar spine in women. This means that
height loss might offer a predictor for greater bone loss,
thus indicating a potential high-risk group for future
osteoporosis in women. Conversely, the present study
failed to identify any significant association between height
loss and bone loss at the lumbar spine in men, which is
artificial due to the difficulties in measuring BMD at the
lumbar spine in men. As observed in the BMD cohort,
35.1% of men and 13.3% of women were diagnosed with
osteophytosis more than grade 3 according to Nathan’s
classification [26, 27]. Such osteophytes might lead to
overestimation of BMD in men.

Regarding the relationship between height loss and
osteoporotic fractures, Meyer et al. [I1] compared mean
height among participants of population-based cohort
studies established in different countries in Europe, and
found that participants in Oslo were taller than those in
other European countries. They noted that the taller height
of community-dwelling inhabitants might contribute to the
higher incidence of hip fracture in Finland, although this
suggestion was based on ecological data. Fujiwara et al.
[28] suggested that the presence of more than one column
of VFx will lead to a decrease of about 2 ¢m in height. The
present study found both height and height loss over
the 10 years were also greater in the group with VFx than
in the group without VFx, but failed to identify any
statistically significant association between height loss and
VFx. This might be because the sample size of the BMD
cohort was insufficient to detect a significant association.
However, height loss (cm/10 years) tended to increase the
OR of VFx in both men and women. Loss of height may
represent an important clinical sign of vertebral deformation
and/or fracture in postmenopausal women and elderly men.
Relationships between BMD at the femoral neck and hip
fracture were not able to be analyzed because of the low
numbers of new hip fractures in subjects. A larger
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epidemiological study would be needed to clarify associa-
tions between height loss and future osteoporotic fractures.

Regarding relationships between QOL, height and height
loss, Martin et al, [29] found that height loss and kyphosis
in women are significantly associated with increased
physical difficulty in activities of daily life. In addition,
some reports have described the influence of osteoporotic
VFx on QOL [30-32]. These investigations have shown
that patients with higher grades of vertebral deformities
displayed low QOL, suggesting that the results of VFx such
as height loss are related to QOL, but the direct influence of
height loss on QOL remains unclear. The present study
could not find any significant association between height
loss and QOL, so we concluded that QOL in patients with
osteoporosis is impaired by postural deformities, particu-
larly by whole kyphosis, and that spinal mobility exerts a
strong effect on QOL in these patients,

Conclusions

The present study identified significant positive associa-
tions between height change and change rate of BMD at the
lumbar spine in women, while no significant relationships
were found between height, height change, cumulative
incidence of VFx and future QOL.

In conclusion, changes in measured height might offer a
cost-saving indicator of bone loss. Measurement of height
should be considered as one potential component in
determining risk of comprehensive osteoporosis, but further
consideration is required before utilizing this approach as a
predictor of future osteoporotic fracture and QOL.
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Summary

Objective: Although knee ostaoarthritis (OA) is a major public health issue causing chronic disability, there is no objective or accurate method
for measurement of the structural severity in general clinical practice. Here we have established a fully automatic program KOACAD (knee OA
computer-aided diagnosis) 1o quantify the major OA parameters on plain knee radiographs, validated the reproducibility and reliability, and
investigated the association of the parameters with knee pain.

Mathods: KOACAD was programmed to measure joint space namowing at medial and lateral sides, osteophyte formation, and joint angula-
tion. Anteroposterior radiographs of 1979 knees of a large-scale cohort population ware analyzed by KOACAD and conventional categorical
grading systems,

Results: KOACAD automatically measured all parameters in less than 1 s without intra- or interobserver variabllity. All parameters, especially
madial joint space narrowing, were significantly comrelated with the conventional gradings. In the parameters, osteophyte formation was as-
sociated with none of the joint space parameters, suggesting different etiologic mechanisms between them. Multivariate logistic regression
analysis after adjustment for age and confounding factors revealed that medial joint space narowing and varus angulation of knee joints
waere risk factors for the presence of pain (594/1979 knees), while neither lateral joint space nor osteophyle area was.

Conclusion. KOACAD was shown to be useful for objective, accurate, simple and easy evaluation of tha radiographic knaa OA severity in daily
clinical practice. This system may also serve as a surrogate measure for the development of disease-modifying drugs for OA, just as bone

mineral density does in osteoporosis.

© 2008 Osteocarthritis Research Society International. Published by Elsevier Lid. All rights reserved.
Key words: Osteoarthritis, Knee, Diagnosis, Computer-aided diagnosis, Imaging, Plain radiograph.

Introduction

Due to the rapidly increasing fraction of aging people today,
osteoarthritis (OA) is now considered as a major public
health issue causing chronic disability in most developed
countries. It is estimated that up to 10% of the entire world
population, and meore than 50% of those aged over 50
years, are suffering from OA', Knee OA, affecting about
30% of those over 65 years and as often associated with
disability as hean and chronic lung diseases®?, is charac-
terized by pathological features including joint space
narrowing, osteophyte formation, and joint angulation.
Although OA and osteoporosis are the two major skeletal
disorders with strong social impact®, OA falls far behind os-
teoporosis in the assessment of its disease severity and in
the development of disease-madifying drugs. This is mainly
due 1o the lack of an objeclive and accurate method 1o
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evaluate the structural severity and thereby to assess the
efficacy of drugs as surrogate measures like bone mineral
density (BMD) in osteoporosis.

Although magnetic resonance imaging (MRI) with high
resolution has been rapidly advanced as a promising tech-
nique, it is still loo laborious and expensive to perform in
general clinical practice or in population-based epidemio-
logic studies, and the interpretation remains controversial
as a primary end-point in clinical trials of the disease-
modilying drugs® . Biochemical markers of cartilage tum-
over are being tested to measure the disease progression;
however, their validation as a surrogate measure will
require significant additional work™®. Hence, plain radiogra-
phy is considered the gold standard as a method that is
non-invasive, inexpensive, convenient, simple, and fast to
use in assessing OA severity. The most conventional
system to grade the radiographic severity has been the
Kellgren/Lawrence (K/L) grading®. However, this categori-
cal system is limited by incorrect assumptions that progres-
sion of distinct OA features like joint space narrowing and
osteophyte formation is linear and constant, and that their
relationships are proportional. Since the system em-
phasizes the development of osteophytes, it is unclear
how to handle knees with severe joint space narrowing
but no osteophyte formation. To overcome the problem,

1
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a radiographic allas of individual features was published DE
the OA Research Soclaly International (OARSI) in 1995

and a revised version in 2007''. This system separately
evaluates joint space narrowing and osteophyte formation
at the medial and lateral tibiofemoral compartments on radio-
graphs; however, the grading is still limited in reproducibility
and sensitivity due to the subjective judgment of individual
observers and the categorical classification into four-grade
(0-3) scales. Although several semi-automatic methods for
objective measurement with continuous variables of joint
space or angle using computer-assisted systems have re-
cently been developed, there still remain intra- and interob-
server variabilities since initial operations like identi mg
points or drawing lines must be manually performed'~

The present study has developed a novel compmer
program, KOACAD (knee OA computer-aided diagnosis),
which for the first time has realized a fully automatic mea-
surement of major parameters of knee OA: joint space
area (JSA) and the minimum joint space width (mJSW) at
medial and lateral sides, osteophyte area, and tibiofemoral
angle (TFA) on plain anteroposterior radiographs. We
examined the reproducibility and reliability of KOACAD by
comparing it with conventional grading systems and semi-
automatic measurements.

Arthritis is the most common cause of pain in the
elderly'”, and knee pain is the principal clinical symptom
of knee OA. Although much effort has been devoted toward
a definition of knee pain, the correlation with radiographic
swentY of the knee OA was not as strong as one would
expect'® Hence, this study finally sought to identify
radlographnc factors related to knee pain by examining the
association of the KOACAD parameters with the presence
of pain using a baseline database of our large-scale OA
cohort study ROAD (research on OA against disability).

Subjects and methods
SUBJECTS

The ROAD study is a nationwide OA cohort study that started in 2008,
and s constituted of four cohorts. So far, we have completed creation of
abualkudnlabunhn&dngdnwmdgunnmchhrmﬂmofm

s in threa in urban, U areas.
Thodatabmindummmmwmmdbmmdmm
krmalaﬂpuﬁapanla meummotmomacmmm we used
1979 18 from 2002 knees of 1001 particip of

Then, the Robert's filter was applied 1o extract the rough outiines of tibia
and lemur, so that medial and lateral sides could be judged by the diference
of calculated widths of tibia and fibula at the level of 100 pixels above the
bottom of the image [Fig. 1(B)].

Next, to determine the region of (ROI) g the tibiof
joint space, a vertical difference filter was applied to identity
points with high absolute values of difference ol scales. The center ol all
the points was then calculated, and 480 x 200 pixels of a rectangle with
mmmm»mﬂaﬂ 1(C)]. Within the ROI, Mmlllm
ol h } 1 as the upper rim of the joint space by ver
mnmmmaxammmw:m F(D}I
The two ends were determined using a Canny's filter to remove the noisa
of lines™, and vertical lines from the ends were designated as the outside
rims of the joint space. Qutlines of and p gins of tha tibial
mmummmwnmmdmmlmm and the middie
line L the two outlines was desig 1 as the lower rim of the joint
space [Fig. 1(E)]. Then, nwniuhlmmhllmlortholomrﬂmmlhe

was drawn, and their i gr as the inside rims

[Fiq 1(F)|Thumed|1mdluhmlJSAsmﬁuhtmhndwlfnmwr

rounded by the upper, lower, inside, and outside rims above [Fig. 1(G)].

The medial and lateral mJSWs were further determined as the minimum ver-
tical distances in the respective JSA [Fig. 1(H)].

To measure osteophyte area and TFA, thonﬁnlnndlmualwninuo!
femur and tibla were drawn by the 3 x 3 square horizontal neighborhood dif
ferance fiiter and Canny’s filter as described above. Then, ﬂ'lahl'lccﬁnn

points for the outfines were calculaled. The medial outline of the fibia from
the inflection point was drawn upward to the joint lavel [Fig. 1(1)), and the
amiwmmmmwumwmmmmm

phyte area [Fig. 1(J)]. For TFA, a middle line
mmwmmmmMo{mumurimmwdm
image ta the inflection points was drawn (Fig. 1(K)], and the siraight regres-
donlnemdelannlnedhobe!heaxhdlhafemmﬁinm.Ihes‘lrainht
regression line of the middle line of the tibia from the bottom to the inflection
points was designated as the axis of the tibia. The lateral angle betwean the
two axis ines was calculated as TFA [Fig, 1{L)].

ANALYSES

To decide the ideal conditions for the taking of radiographs for the KOA-
CAD analysis, we initially evaluated the reproducibility of the six paramelers
by an Intraclass coefficient of correlation (ICC) on radicgraphs of 20 individ-
vals taken al a 2-week interval with various knee flexion angles (0, 10, 20,
andan')mdx-mybumnnmdaﬁou(ﬂ 5, 10, and15‘}

gs by the

¥ e o

on 50
selschdl'romlhﬂmmmphnabm and intra- and interobserver vari-
abilities were evaluated by « values. ThnKQAGADpnmmImswnmahnml
uated by sami-automatic bya d

program (Quick Grain Standard, Inotech, Hiroshima, anm)aﬂardr&whu of
mmmimrmmmmmmmm - and interobserver
ICCs of each parameter were compared with those of KOACAD,
Correlations of the KOACAD parameters with the K/L grading (0—4) were
WrinadbySpennmnlwn*honbﬁmhcnﬁm 1979 radiographs.
Cormelations with the OARSI grading (0-3) wer h for five
ﬁuKOACADNSWWﬁAMhM&IdeM

icatlas

IMuMnoﬂioﬂnHerﬁsﬂﬁmlMMumddﬂhlknmmhm
than 5" flaxion contracture were omitted. The study was conducted with
app-wuwmwmmmwmmnmwmmuﬁom
and the Tokyo Metropolitan Institute of Gerontology, and all parficipants
provided written informed consent.

RADIOGRAPHY

Pmmmmmmmmwmmmmmm
laken with a horizontal X-ray beam unless olherwise described, using
mm.nmmamxmmmswlmwmm
imaging plate (Fuji Medical Systems, Tokyo, Japan) with a 20 x 30 mm rect-
angulumehlplﬂabeﬂdaﬂuamgrﬂﬁmﬂcnnduﬂouwndmlw
was adjusted lo keep the | bone parall Ip!'mx-ray
beam, Images were downloaded into Digital and C
inMedldm{DIGOM}ioﬂnuﬁlssthaapuﬂalruduumonxmie
pixels (giving a pixel size of 0.01 mm) and 1024 gray levels.

IMAGE PROCESSING BY KOACAD

The KOACAD was prog d to p the 1 ions auto-
matically on the digital images above ualna the ob]ac!-omnmﬂ programming
language C-++ [Fig. 1(A)]. Initially, ¢ tion for
was performed based on the image size of Ihamcmnmmeulplala To
reduce the image noise, the entire radiograph underwent filtering Ihrue times

with a 3 x 3 square neighborhcod median filter as rted p iy

sbnamwnwmdmmmmm

OARS| grade 3 of lateral joint space
mwrﬂJSAandlaurﬂmJSWm.:MMIhhMlmo -2,

Correlations among the KOACAD parameters were analyzed using Pear-
son's correlation test, and parameters with correlation value of more than 0.5
were defined as confounding faclors.

memmmulmmmmmpﬂn
age and the six KOACAD p be knees with
WWanbySMarmmmﬂQnmmhs Logistic regres-
sion analyses were used to estimate odds ratio (OA) and the associated
95% confidenca interval (Cl). memwmwmm

58 ol ol i from

mumtumwmm

A P-value of <0.05 for analysis of safety variabl idered signit-
icant. Mandyuummpeﬂomdwng%mionoomsmm
Inc., NC, USA).

Results

REPRODUCIBILITY OF KOACAD PARAMETERS BY KNEE
FLEXION ANGLES AND X-RAY BEAM ANGULATIONS

The KOACAD system could automatically measure the
six parameters on an anteroposterior knee radiograph in

arthritis Cartilage (2008), doi:10.1016/.joca.2008.03.0
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Fig. 1. Schema of image processing by KOACAD. (A) A digitized knee radiograph as a DICOM file, (B) Filterings to reduce the image noise and
10 extract outiines of tibla and femur. (C) ROl and the center including the tibiolemoral joint space. (D) An outiine of femoral condyle (blue line) as
the upper and outside rims of the joint space. (E) Outlines of anterior and posterior margins of the tibial plateau (green lines), and the middle line
between the two outlines (red line) as the lower rim of the joint space. (F) A straight regression line (black line) for the lower rim line, and their
intersections as the Inside rims. (G) Medial and lateral JSAs (white areas) surrounded by the upper, lower, Inside, and outside rims. (H) Medial
and lateral mJSWSs (brown lines) as the minimum vertical distances in the JSAs. (1) Medial outline (blue line) of the tibla drawn from the calcu-
lated inflection point upward to the joint level. (J) Osteophyte area (red area) that is medially prominent over the smoothly extended outline of the
tibia. (K) Medlal and lateral outiines (blue lines) of the femur and tibia from the edges of the image to the inflection peints, and the middle lines
{purple lines). (L) TFA as the lateral angle between the straight regression lines (black lines) of the middle lines above in the femur and tibia.

Please cite this article In press as: Oka H et al., Fully automatic quantification of knee ostecarthritis severity on plain radiographs, Osteo-
arthritis Cartilage (2008), doi:10,1016/ joca.2008,03.011
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less than 1 s without any manual operation. To decide the
ideal conditions of taking radiographs for the KOACAD
analysis, we first examined the reproducibility of the para-
meters measured on radiographs of 20 individuals taken
al a 2-week interval with various knee flexion angles and
X-ray beam angulations (Table ). The reproducibility of all
parameters was highly maintained with 0” of the knee flex-
ion angle (ICC = 0.88-0.99), which became lower as the
angle was increased. It was also maintained with 0 and
5° of X-ray beam angulations (ICC = 0.87-0.99), while it
was not determined in most of the radiographs with 10
and 15° due to overlap of femoral condyle and libial plateau.
Hence, we decided to lake radiographs with the knee
extended and a horizontal X-ray beam for the KOACAD
measurement.

COMPARISON OF KOACAD WITH CONVENTIONAL SYSTEMS

We measured the six parameters by KOACAD more than
twice on 1979 radiographs, and confimed that all parame-
ters were unchanged independent of observer or time mea-
sured (all ICC=1.0). Conlrarily, when we examined the
intra- and interobserver variabilities of the conventional cat-
egorical grading systems on 50 randomly selected radio-
graphs, the intra- and interobserver variabilities were high
by the K/L system (x value = 0.84 and 0.76) and the OARSI
radiographic atlas (x <0.75 and <0.65) (Supplementary
Table S1). In addition, the intra- and interobserver ICCs of
semi-automatic measurements using a conventional
computer-assisted procedure of the parameters were less
than 0.7 and 0.6, respectively, for joint space paramelers
and osteophyte area, and were less than 0.8 for TFA, indi-
cating that even this computer-assisted system is robust
with respect to variability in lines drawn by observers for
the computer to analyze (Supplementary Table S1).

We then examined the correlations of the KOACAD
parameters with the K/L and OARSI gradings on the 1979
radiographs (Table I1). All parameters were significantly cor-
related with the K/L grading (P < 0.0001); with medial JSA,
medial mJSW, and TFA being most strongly correlated with
it. Five common parameters showed good correlation
between KOACAD and OARSI grading (P < 0.0001), and
medial JSA and medial mJSW also showed most of the
strong correlations.

CORRELATIONS AMONG THE KOACAD PARAMETERS

Although all KOACAD parameters are known to be
affected as OA progresses, the changes are neither propor-
tional nor is the relationship constant. We therefore exam-
ined the correlations among the parameters on the 1979
radiographs by Pearson's correlation test (Table Ill). As
expected, correlation values were more than 0.5 between
medial JSA and medial mJSW, and between lateral JSA
and lateral mJSW, indicating that these are confounding
factors for each other. More interestingly, although osteo-
phyte area was measured at the medial tibia, it was signif-
icantly associated with neither medial JSA nor mJSW,
suggesting different etiologic mechanisms between osteo-
phyte formation and joint destruction. Furthermore, JSA
and mJSW at the lateral side were positively correlated
with those at the medial side, and TFA was strongly associ-
ated with decreased mJSWs not only at the medial side but
also at the lateral side. This implies that there is a back-
ground generally affecting the whole joint for OA progres-
sion rather than the medial-lateral shift of loading axis of
mechanical stress within the joint.

CORRELATIONS OF THE KOACAD PARAMETERS WITH
KNEE PAIN

To further idenlify radiographic factors associated with
knee pain using the KOACAD system in the 1979 radio-
graphs, we compared the parameters belween groups
with (594 knees) and without (1385 knees) knee pain (Table
IV). Although age was comparable, all parameters were
significantly different between the two groups. Especially,
medial JSA and medial mJSW were lower and TFA was
higher in the group with pain than that without pain. Univar-
iate logistic regression analysis after adjustment for age
revealed that female sex (OR = 1.64; 95% Cl = 1.47-1.84),
medial JSA (1.16; 1.05-1.27), medial mJSW (1.66;
1.49-1.87), and TFA (1.07; 1.03—1.10) were significantly
associated with the presence of pain.

Considering that medial mJSW and medial JSA, as well
as lateral mJSW and lateral JSA, were found to be con-
founders for each other (Pearson's correlation value > 0.5;
Table IIl), we performed a multivariate analysis after adjust-
ment for age and confounding factors in both genders

Table |
Reproducibility of KOACAD paramelers measured on radiographs of an individual with various knee flexion angles and X-ray beam
angulations
Knee flaxion angle (*) 1] 10 20 30
KOACAD parameters (ICC)
Medial JSA (mm? 0.88 0.77 0.74 0.74
Lateral JSA (mm’ 0.92 0.87 0.73 073
Medial mJSW (mm) 0.96 0.92 0.90 0.78
Lateral mJSW (mm) 0.95 0.88 0.88 0.80
Osteophyte area (mm?) 099 0.91 0.79 0.81
TFA (°) 0.94 0.93 0.86 0.86
X-ray beam angulation (*) 0 5 10 15
KOACAD parameters (ICC)
Medial JSA (rnrn? 0.88 0.87 ND ND
Lateral JSA (mm~) 0.92 0.92 (17/20) (20/20)
Medial mJSW (mm) 086 0.96
Lateral mJSW (mm) 095 0.95
Osteophyte area (mm?) 0.99 0.99
TFA (*) 0.94 0.93

Reproducibility of six parameters was evaluated by an ICC on radiographs of 20 individuals taken at a 2-weak interval. ND: not determined

due to overdap of femur and tibia.
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Table II
Correlations of the KOACAD paramaters with the K/L and OARSI gradings
0 1 2 3 4 F
KA grading
Number 162 625 956 205 31
Medial JSA (mmi) 1124 +18 97.0+09 91.1+0.7 83.2+19 524 +54 -0.29
Lateral JSA (mm?) 1143420 1106 £ 1.1 1072+ 0.9 1053+ 1.9 1062461 -0.09
Medial mJSW (mm) 394041 34 =00 31+00 25+0.1 1.5+£02 ~-0.41
Lateral mJSW (mm) 4.7+01 44+00 43+01 42+01 42+03 -0.11
Osteophyte area (mm?) 27414 20+02 32402 79413 109 +4.2 0.15
TFA(*) 175.7 £ 0.2 1762 +0.1 1774 £0.1 179.6£03 1842412 0.31
OARS grading
Medial JSA (mm?) (n) 105.9 + 0.9 (602) 89.8:+0.7(953) 90.0+1.3(317) 654422 (107) 0.34
Lateral JSA (mm®) (n) 109.6 + 0.6 (1926) B7.7 +4.2 (38) 81.7+7.3(15) —(0) -0.18
Medial mJSW (mm) (n) 3.6 +£ 0.0 (602) 3.1 £ 0.0 (953) 2.7+0.0(317) 1.8+0.1 (107) -0.45
Lateral mJSW (mm) (n) 4.3 4+0.0 (1926) 33+02 (38) 254043 (15) - (0) -0.19
Osteophyte area (mm?) (n) 20402 (1212) 2.8+04 (421) 4.7 4+ 0.6 (215) 14.7 £ 0.7 (131) 025

Analyses were performed by Spearman's correlation test on 1979 radiographs, and data are expressed by means=s.em. (all

Pvalues < 0.0001).

(Table V). It was found that low medial mJSW and high TFA
were associated with the presence of pain, while neither
lateral mJSW nor osteophyle area was.

In the present study, we established a fully automatic
computer-assisted program, KOACAD that can quantitate
the major features of knee OA on plain radiographs. This
system has achieved objective, accurate, simple and easy
assessment of the structural severity of knee OA without
any manual operation in general clinical practice or in pop-
ulation-based epidemiologic studies. The system could also
accurately evaluate distinct features of knee OA like joint
space narrowing, osteophyte formation, and joint angulation
in one sitting. By applying this system to the baseline data in
the ROAD study, medial joint space narrowing and varus
angulation, though neither lateral joint space narrowing
nor osteophyte formation, was shown to be associated
with symptomatic knee pain.

Independent measurement of the parameters by KOA-
CAD enabled us to examine the correlation of distinct fea-
tures of OA, which may lead to better understanding of
the OA pathophysiology. For example, a lack of association
between osteophyte formation and joint space narrowing
indicates independent backgrounds of the two representa-
tive features of knee OA. A previous prospective study us-
ing a famous OA cohort, the Chingford study, has reported
that there was no association between the two features®,
Although the authors described in the paper that this might
possibly be due to inaccurate and subjective measurement
on radiographs, the present KOACAD analysis has

confirmed the reliability by accurate and objective measure-
ment. A recent cross-sectional study has also shown that
osteophyte formation was unrelated not only to joint space
narrowing on plain radiograph& but also to cartilage loss
measured by quantitative MRI*®. Furthermore, by creating
an OA model through induction of instability in mouse
knee joints, we have identified a cartilage specific molecule,
carminerin, that regulates osteophyte formation without af-
fecting cartilage destruction during the OA progression®*?®.
Further clinical and basic research will disclose the distinct
backgrounds of the two OA features. The correlation analy-
sis among the parameters also revealed thal joint space
narrowing at medial and lateral sides was positively corre-
lated, indicating an etiologic mechanism that affects the
whole joint. Although this does not necessarily deny the
mechanistic contribution of medial-lateral shift of the loading
axis within the joint to the OA progression, the limitation of
efficacy of a valgus knee brace, lateral wedged insole, or
valgus high tibial osteotomy for medial compartment OA
of the knee may at least partly be explained by the result.

For accurate and reproducible assessment of tibiofe-
moral joint space on plain radiographs, a variety of radio-
graphic methods have been developed. Several reports
have claimed that positioning of the knee with several
angles of flexion provides more accurate joint space mea-
surement than conventional extended knees due to super-
imposition of the anterior and posterior margins of the
tibial plateau’®*"2®, Among the reports, angulation of the
X-ray beam and rotation of the foot were different, and
some of them included fluoroscopic assistance for the
adjustment of margins of the tibial plateau. Despite these
efforts, none of the radiographic protocols has realized
high reproducibility or sensitivity for long-term longitudinal

Table il
Correlations among the KOACAD parameters

Medial JSA Lateral JSA Madial mJSW Lateral mJSW Osteopyte area TFA
Medial JSA 1.00
Lateral JSA 0.22 (<0.0001) 1.00
Medial mJSW 0.70 (<0.0001) 0,13 (0.0008) 1.00
Lateral mJSW 0.18 (<0.0001) 0.72 (<0.0001) 0.22 (<0.0001) 1.00
Osteophyte area 0.02 (NS) -0.13 (0.0006) 0.04 (NS) -0.13 (NS) 1.00
TFA —0.08 (0.03) 0.03 (NS) -0.21 (<0.0001) -0.19 (<0.0001) ~0.02 (NS) 1.00

Analyses were performed by Pearson's correlation test on 1979 radiographs, and data are expressed as Pearson’s correlation values and
P-values in the parentheses. NS: not significant (P > 0.05).
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Table IV
Ditferences of age and the KOACAD parametars between knees
with and without pain

Pain (+)

Pain (-) P-value

Participants 594 (124/470) 1385 (575/810)
(mean/women)

Age (years) 768 +47 77.0+44 NS
Parameters

Medial JSA (mm 88.0+1.0 957+0.7 <0.0001
Lateral JSA (m 1059 +1.1 110207 0.0013
Medial mJSW (mm) 29410 33412 <0.0001
Lateral mJSW (mm) 43+01 44+00 0.0044
Osteophyte area (mm®) 48454 29+7.0 0.0002
TFA (*) 1779433  1769+43 <0.0001

Analyses were parformed on 1979 radiographs, and data are ex-
pressed by means + 5.e.m. P-values were determined by Student's
t test. NS: not significant (P > 0.05).

studies®” " And, first of all, since these methods increase
the cost and require the technician to be specifically trained,
they are unlikely to be applicable in general clinical practice
or population-based epidemiologic studies. Meanwhile, the
conventional standing extended view knee radiographs that
the KOACAD system adopted are known to be sensitive to
change if the libial plateau is adequately aligned®. To over-
come variability of the tibiofemoral joint space by the posi-
tioning of the knee and the angulation of the X-ray beam
causing the misalignment of the anterior and posterior mar-
gins of the tibial plateau, the KOACAD system for the first
time designated the middle line between oullines of anterior
and posterior margins of the tibial plateau as the lower rim
of the radiographic joint space. In fact, reproducibility of all
KOACAD parameters was highly maintained with 0° knee
flexion and 0—5° X-ray angulation (Table 1). This, however,
indicates that OA patients with flexion contracture of the
knee cannot be appropriately assessed by the KOACAD
system, so that patients with more than 5° flexion contrac-
ture were excluded from the present study.

Digital Images by computed radiographic techniques offer
several advantages compared with conventional analog
film-screen radiography, and are increasingly available in
routine patient management because they allow image
enhancement, quantification, archiving, transmission,
simultaneous access to the image at multiple sites, and
reduction in radiation dose™. Although this study used
digitized images as the DICOM file, we have confirmed
that images digitized from analog radiographs by general
image scanners could be used for the KOACAD analysis
with perfect reproducibility (ICC = 1.0). In addition, since
KOACAD is programmed based on a personal computer,
and not on a massive workstation, it can be used anywhere,
even away from clinics.

Table V
Multivariate logistic regression analysis for OR and 95% Cl of the
KOACAD parameters for knee pain

Men (699) Women (1280)

OR 95% CI OR 95% Cl
Medial mJSW 1.46 1.16—1.90 1.41 1.23-1.63
Lateral mJSW 0.99 0.79—-1.23 1.10 0.98-1.24
Osteophyte area 099  086-1.04 099 0.98—1.00
TFA 1.07 1.01-1.13 1.07 1.03-1.10
Data were calculated by stepwise logistic regression analysis

after adjustment for age and confounding factors on 1979
radiographs.

The relationship between the radiographic findings and
the symptomatic pain in knee joints remains controversial,
but at least the severity of radiographic OA is not linearly
correlated with that of pain'®2°, Although the present mul-
tivariate analysis was able to detect significant associations
of knee pain with low medial mJSW and high TFA, they
were not strong (Table V). This may be due to the compli-
cated mechanism underlying the pain. Although articular
cartilage is viewed as a major target lissue of OA, knee
pain may arise from a number of different structures like
joint capsule, ligaments, menisci, bursae, and the bone
marrow. Pathological structures caused by OA may contrib-
ute to pain indirectly. For example, inflammatory synovitis
and associated capillaries are innervated by pain fibers
and may be affected in OA™. Furthermore, previous MRI
surveys among patients with radiographic knee OA showed
that knee pain was due not only to OA-related disorders, but
also to spontaneous osteonecrosis and bone marrow
edema around the knee joint*®* %, A limitation of the KOA-
CAD system is that these periarticular disorders are not in-
cluded in the parameters but are best shown by MRI, which
might possibly lead to failures in the treatment of knee pain.

Another limitation of this study is a lack of longitudinal in-
vestigation to validate the sensitivity of the KOACAD system.
One criticism has been that plain radiographs are insensitive
to change over time, and that even a small radh:ﬂmphic
change is associated with substantial cantilage loss™. Nev-
ertheless, the current recommendations suggest that clinical
studies of knee OA should include a structural measure of
OA severity®?®. This emphasizes the need for further refine-
ment in the definition of radiographic outcomes in prospec-
tive clinical trials. Recent longitudinal studies using
quantitative MRI have shown that subjects with knee OA
lose 5% of their tibial cartilage volume per year’”® and
that the cartilage loss is correlated with worsening of symp-
toms and portends knee replacement®®??, Although the car-
tilage loss detected by quantitative MRI is much greater than
that detected in plain radiographs, the MRI-based cartilage
volume correlates with the change of radiographic features
to some extent*®*'. Since the KOACAD system can provide
continuous measures of parameters of OA severity, it is pos-
sible that the system is as sensitive to change over time as
quantitative MRI. Also, the association between knee pain
and radiographic features cannot be appropriately assessed
in a cross-sectional survey, but should be evaluated over
a defined period of time, as indicated by previous
reports****, Our baseline survey in the ROAD study has
included quantitative MRI on a group of randomly selected
participants. In 2008—2010, we are planning a second sur-
vey including the KOACAD radiographic analysis on more
than 3000 participants and the quantitative MRI on a portion
of these. Comparison of the KOACAD parameters and the
MRI findings will validate the sensitivity of the KOACAD
system over time, and lead to further understanding of the
assoclation between knee pain and radiographic features.

In conclusion, we have established a fully automatic
computer-assisted program, KOACAD, to quantify knee
OA severity on plain radiographs, and validated its high re-
producibility and reliability in a cross-sectional study. This
system may not only be useful for objective evaluation of
knea OA palients in daily clinical practice or in population-
based epidemiologic studies, but also act as a proper surro-
gate measure for the development of disease-modifying
drugs for OA. We hope in the future that this system will
be prevalently used worldwide to lead to intemational crite-
ria for diagnosis and treatment of knee OA, just like BMD in
osleoporosis.
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Please cite this article in press as: Oka H et al,, Fully automatic quantification of knee osteoarthritis severity on plain radiographs, Osteo-




Osteoarthritis and Cartilage Vol. BN, No. Bl

Conflict of interest

There are no confiicts of interest.

~Acknowledgments

This work was supported by a Grant-in-Aid for Young Scien-
tists from the Japanese Ministry of Education, Culture, Sports,
Science and Technology (A18689031), H17-Men-eki-009
from the Ministry of Health, Labor and Welfare, and Research
Aid from the Japanese Orthopaedic Association,

Supplementary material

Supplementary material for this article may be found, in

the online version, at doi: 10.1016/.joca.2008.03.011,

References
Sharma L, Kapoor D. Epi gy of rhritis. In: Moskowitz AW,
Altman RD, Hochberg MC, B: JA, G g VM, Eds.
O thritis: Diag and Medi 4th

na

- ™

Osteoarthritis
. Keligren JH, Lawrence JS.

; AI&nanHD.GoldGEAﬂaeuHmﬁvﬁuaj
Ostecarthritis

roradiographs:
.Pmmnu.wwmmmwaw MDI

VSurgical
edn. Philadelphia: Lippincott Williams & Wilkins; 2007:3-26.

. Guegione AA, Felson DT, Anderson JJ, Anthony JM, Zhang Y,
Wilson PW, et al The effects of specific medical conditions on the
mmmdmhhﬁmm.mdFM
Heaith 1094,84:351--8,

Felson DT, Zhang Y. An update on the epidemiclogy of knee and hip os-
tecarthritis with a view to prevention. Arthwitis Rheum 1898;41:1343-55.

Yelin E, Callahan LF. The economic cost and social and
impact of musculoskeletal conditions. National Arthritis Data Work
Groups. mmnrnummﬁaaiasi—sz

sease-moditying
arthritis Cartlage 2004;12:263-8.

. Burstein D, Gray ML. Is MAI fulfilling its promise for molecular imaging of

cartilage in arthritis? Ostecarthritis 2006;14:1087-80.
Eckstein F, Burstein D, Link TM. Quantitative MRI of cartiage and bona:
hritis. NMR Biomed 2006;19:822-54.

.BMDG Humurﬂ.l Abramson SB, Attur M, Corr M, Felson D, ef al.

Classification of osteoarthrilis blomarkers: a proposed approach,
i 2006,14:723-7,

ical assessment of osteo-arthrosis.
Ann Rheum Dis 1957,16:494-502,

. Altman RD, Hochberg M, Murphy WA Jr, Wolle F, Lequesna M. Allas of
individual radiographic | in hiiis. O tuitis Carti-

lage 1995;3(Suppl A):3-70,
res in osteo-

radiographic featu
arthritis, revised. Cartilage 2007; 15¢Suppm)m-m

.Dn::mJE Huskisson EC. The automatic assessment of knee radio-

graphs in ostecarthritis using digital image analysis. Br J Rheumatol

1989;28:506—10.
Buckland-Wright JC, Macfariane DG, Williams SA, Ward RJ. Accuracy
and precision of joint space width measurements in standard and mac-
of osteocarthritic knees. Ann Rheum Dis 1995;54:872—80.

Computerised
Bone Joint Surg Br 2001;
B3:818--24.
. B O, Henratin YE, H A, Rovali LC, Seidel L, Dardenne C, &l al.

WHNMWMWWWMMM
mmmﬂu Ayngcunsmnnmisuae ~41,

T, ¥ Ogmnn Y, Yoshida S
Yamamoto H. A new i
mmmmmmmmdmm C'Iibnar
thritis Cartilage 2004,12:256-9,

. Linaker CH, Walker-Bone K, PalanCoupuc Frequency and

ders. Baillieres Clin Rheuma-

impact of
iof 1999;13:197-215.

. Summers MN, WWEMMMMGSMW

assessmant and variables as predictors of pain and func-
wwhmﬂmummwm Anthritis Rheum
1968;31:204-9.

. Cleuttini FM, Baker J, Hart DJ, Spector TD. Association of pain with

changes in different and views of the

radhghogcal compartments
knee joint. Ostecarthritis Cartilage 1996,4:143-7,

20.

2.

27

31,

.

41.

42.

43,

. Felson DT, Chai

. Bollet AJ. Edema of the bone marrow can cause pain

Wiuka AE, Wolle R, Stuckey S, Cicuttini FM. How does tibial cartiage
volume relate to symptoms in subjects with knee rihiitis? Ann

2008,54:2482--70.
Yamada T, Kawano H, Koshizuka Y, Fukuda T, Yoshimura K.
K S, etal. G contributes to chondrocyte

,WMMME.WF&WM.MBF Lane KA.

Effect of alignment of the medial libial plaleau and x-ray beam on
of osteoarthritis in the standing anteroposterior
knee . Arthiitis Rheum 2001;44:1786-94.

Sanfridsson J, Holje G, Svahn G, Ryd L, Jonsson K. Radiation dose and
image information in computed . A phantom study of
angle measurements in the weight-bearing knee. Acta Radiol 2000;
41:310-6.

Saito T, Koshino T. Distributi ides in of the
mmmmhmmmmmm—&

. Karachalios T, Zibis A, Papanagiotou P, Karantanas AH, Malizos KN,

mn.mmmhmwﬁhmmm“
Eur J Radiol 2004,50:225-30.
CE, Hill CL, Ti SM, Gale ME, Skinner KM,
ef al. The association ol bone marrow lesions with pain in knee
ostecarthritis, Ann Intem Med 2001;134:541-9.

in ostecarthritis and
other diseases of bone and joints. Ann Interm Med 2001;134:591-3,

. Ravaud P, Giraudeau B, Auleley GR, Dmn.l..ﬂnuaulnﬂ Paolozzi L,

Dis 1998,57:624—9.
Wiuka AE, Stuckey S, Snaddon J, Cicuttini FM. The determinants of
change In tibial cariiage volume in ostecarthitic knees, Arhritis

; S, Hudel M, Eng KH,
HMM etal MGTMZM\”MWW
mmmmammhmm
tis Rheum 2003,48:2829

Cicuttini FM, M&Fum&mnﬁ Rate of cartilage loss at two

years predicts subsequent total knee arthroplasty: a prospective
MAmﬂmmmmatm-

Raynauld JP, Martel-Pelletier J, Berthiaume MJ, Labonts F,

Elmdth deGuiuJ#. udﬂmnmnmﬂcmm

of knes ostecarthritis p jon over two years
wmmmmmwmm
tis Rheum 2004,50:476--87.

Cicuttini F, Hankin J, Jones G, Wiuka A. Comp 1 of i
tanding knee radiographs and magnet ® imaging in
; ion of tbiol I joint e YN

tia Cartlage 2005;13:722—7.
umgmmJ.nagnnM ma.omm Factors affecting radio-
L thritis. Ann Rheum Dis 199554:

P

53-8,

van Dijk GM, Dekker J, Veenho! C, van den Ende CH. Course of func-
tional status and pain in ostecarthifis of the hip of knee: a systematic
review of the literature. Arthritis Rheum 2006,55:779-85.

Please cita this article in press as: Oka H et al., Fully automatic quantification of knea osteoarthritis severity on plain radiographs, Osteo-
arthritis Cartilage (2008), dok:10.1016/ joca.2008.03.011




ARD

Prevalence of radiographic lumbar spondylosis and
its association with low back pain in the elderly of
population-based cohorts: the ROAD study

Shigeyuki Muraki, Hiroyuki Oka, Toru Akune, Akihiko Mabuchi, Yoshio En-yo,

Muneto Yoshida, Akihiko Saika, Takao Suzuki, Hideyo Yoshida, Hideaki Ishibashi,
Seizo Yamamoto, Kozo Nakamura, Hiroshi Kawaguchi and Noriko Yoshimura

Ann Rheum Dis published online 21 Aug 2008,
doi:10.1136/ard.2007.087296

Updated information and services can be found at:
hitp:/ifard.bm] fegll fabstract/ard.2007.087296v1

Rapid responses

Email alerting
service

These include:

You can respond to this article at:
hitp:/lard.bmj.comicgileletter-submivard.2007.087296v1

Receive free email alerts when new articles cite this article - sign up in the box at the
top right corner of the article

Notes

Online First contains unedited articles in manuscript form that have been peer reviewed and
accepted for publication but have not yet appeared in the paper journal (edited, typeset versions
may be posted when available prior to final publication). Online First articles are citable and
establish publication priority; they are indexed by PubMed from initial publication. Citations to
Online First articles must include the digital object identifier (DOls) and date of initial publication.

To order reprints of this article go to:
http:/fjournals.bmj.com/cgi/reprintform

To subscribe to Annals of the Rheumatic Diseases go to:
http:/fjournals_bmj.com/subscriptions/



ARD Online First, published on August 21, 2008 as 10.1136/ard.2007.087296

Prevalence of radiographic lumbar spondylosis and its association with low
back pain in the elderly of population-based cohorts: the ROAD study

Shigeyuki Muraki,' Hiroyuki Oka,' Toru Akune,' Akihiko Mabuchi,' Yoshio En-yo,’
Munchito Yoshida,” Akihiko Saika,” Takao Suzuki,’ Hidriyo Yoshida,? Hideaki Ishibashi,’
Seionamamoto,3 Kozo Nakamura, Hiroshi Kawaguchi,” and Noriko Yoshimura'

'22nd Century Medical & Research Center, and “Sensory & Motor System Medicine, Faculty of
Medicine, University of Tokyo, Tokyo. *Orthopaedic Surgery, Wakayama Medical University,
Wakayama. *Tokyo Metropolitan Institute of Gerontology, Tokyo.

Running title: Prevalence of radiographic lumbar spondylosis and association with pain

The Corresponding Author has the right to grant on behalf of all authors and does grant on
behalf of all authors, an exclusive licence (or non exclusive for government employees) on a
worldwide basis to the BMJ Publishing Group Ltd to permit this article (if accepted) to be
published in ARD and any other BMJPGL products and sublicences such use and exploit all
subsidiary rights, as set out in our licence (http://ARD.bmj.com/ifora/licence.pdf).

Address correspondence and reprint requests to: Hiroshi Kawaguchi, M.D., Ph.D.
Sensory & Motor System Medicine, Faculty of Medicine, University of Tokyo,
Hongo 7-3-1, Bunkyo, Tokyo 113-8655, Japan.

e-mail: kawaguchi-ort@h.u-tokyo.ac.j

Copyright Article author (or their employer) 2008. Produced by BMJ Publishing Group Ltd (& EULAR) under licence.



ABSTRACT

Objectives: Although lumbar spondylosis is a major cause of low back pain and disability in the
elderly, few epidemiologic studies have been performed. We investigated the prevalence of
radiographic lumbar spondylosis using a large-scale population, and examined the association
with low back pain.

Methods: From a nationwide cohort study ROAD (Research on Osteoarthritis Against
Disability), 2,288 participants (>60 years; 818 men and 1,470 women) living in urban,
mountainous and seacoast communities were analyzed. The radiographic severity at lumbar
intervertebral levels from L1/2 to L5/S was determined by the Kellgren/Lawrence (KL) grading.
Results: In the overall population, prevalence of radiographic spondylosis with KIL>2 and >3 at
the severest intervertebral level was 75.8 and 50.4%, respectively, and that of low back pain was
28.8%. Although the KI.>2 spondylosis was more prevalent in men, the KL.>2 spondylosis and
low back pain were more prevalent in women. Age and body mass index were risk factors for
both KI.>2 and KI>3 spondylosis. Although KL=2 spondylosis was not significantly associated
with low back pain compared to KL=0 or 1, KL>3 spondylosis was related to the pain only in
women.

Conclusions: The present cross-sectional study using a large population revealed a high
prevalence of radiographic lumbar spondylosis in the elderly. Gender seems to be distinctly
associated with KL.>2 and KIL.>3 lumbar spondylosis, and disc space narrowing with or without
osteophytosis in women may be a risk factor for low back pain.

Key words: Osteoarthritis, spondylosis, lumbar spine, prevalence, pain



INTRODUCTION

Lumbar spondylosis is considered a major public health issue causing chronic disability of the
elderly in most developed countries (1,2). Despite the urgent need for strategies for the
prevention and treatment of this condition, the epidemiologic data on lumbar spondylosis such
as its prevalence and association with symptoms are sparse, With the goal of establishing
epidemiologic indexes to evaluate clinical evidence for the development of the
disease-modifying treatment, we set up a large-scale nationwide cohort study for bone and joint
disease called ROAD (Research on Osteoarthritis Against Disability) in 2005. We have to date
created a baseline database with detailed clinical and genetic information on three
population-based cohorts in urban, mountainous and seacoast communities of Japan.

Lumbar spondylosis is characterized by disc degeneration and osteophytosis (2,3).
Although this disorder has been widely studied in a clinical setting, few population-based
radiologic studies have been attempted (4-11). The reported prevalence of radiographic lumbar
spondylosis differs greatly in these reports from about 40 to 85%. This may be due to limitation
of the sample size and variability of age. Hence, the present study initially investigated the
prevalence and distribution of this disorder according to age, gender and community using
cohorts of 2,288 participants 60 years or older in the baseline survey of the ROAD study.

The most popular grading system for the radiographic severity of osteoarthritis is the
Kellgren / Lawrence (KL) system with classification into five-grade (0-4) scales, and KL.>2 is
the conventional standard of the diagnosis (12). For lumbar spondylosis, KL grade 2 is defined
as osteophyte formation and grade 3 as disc space narrowing in addition to osteophyte formation
(12), although there are few epidemiologic studies which have applied the KL system to
evaluate the lumbar spine (5, 6, 9). Hence, to assess osteophyte formation alone and disc space
narrowing with or without osteophytosis separately, the present study examined not only the
prevalence of KL>2 spondylosis but also that of KL>3 spondylosis.

Although low back pain is believed to be the principal clinical symptom of lumbar
spondylosis, its association with the radiographic severity remains unclarified. The correlation
was not as strong as one would expect, and there is often a disconnect between them (7,8). In
previous reports, radiographic spondylosis was determined at the severest intervertebral level,
but it is possible that other levels with milder spondylotic change might give rise to low back
pain. This study therefore assessed the radiographic severity at all intervertebral levels of the
lumbar spine by the KL system, and examined the association between the radiographic severity
and low back pain.

METHODS

Participants

The ROAD study is a nationwide prospective cohort study for bone and joint diseases
constituted of population-based cohorts established in several communities in Japan. To date,
we have completed creation of a baseline database including clinical and genomic information
of 3,040 inhabitants (men 1,061, women 1,979) in the age range 23-95 years (mean 70.6) in
three communities: an urban region in Itabashi, Tokyo, a mountainous region in Hidakagawa,
Wakayama, and a seacoast region in Taiji, Wakayama. Participants in the urban region were
recruited from those of a cohort study (13) in which the participants were randomly drawn from
the Itabashi-ward residents register database and the response rate in the age groups of 60 years
or older were 75.6%. Participants in the mountainous and seacoast regions were recruited from



listings of resident registration and the response rates in the age groups of 60 years or older were
68.4 and 29.3%, respectively. All participants provided written informed consent, and the study
was conducted with approval of ethical committees of the University of Tokyo and the Tokyo
Metropolitan Institute of Gerontology. Participants completed an interviewer-administered
questionnaire of 400 items which included lifestyle information such as smoking habits, alcohol
consumption, family history, past history, physical activity, reproductive variables, and
health-related quality of life. Anthropometric measurements included height, weight, arm span,
bilateral grip strength, and body mass index (BMI; weight [kg] / height [m*]). Medical
information was taken by well-experienced orthopaedic surgeons (S.M. and H.O.) on systemic,
local and mental status including information of low back, knee, and hip pain, swelling and
range of motion of the joints, and patellar and achilles tendon reflex. All participants were
interviewed regarding low back pain by asking, “In the past month, have you had pain on most
days lasting?”, and those who answered yes were defined as having low back pain. Blood and
urine samples were collected for biochemical and genetic examinations. Plain radiographs of
lumbar spine, knee and hip were taken for all participants. Participants were confirmed to be
comparable to the Japanese general population according to the national nutrition survey by the
Ministry of Health, Labour and Welfare (Japan). Height was 162.5 and 149.7 cm in men and
women, respectively, in the ROAD study vs. 162.6 and 149.9 ¢m in the Japanese general
population. Weight was 61.3 and 51.8 kg vs. 61.6 and 53.8 kg. Percentage of population with a
smoking habit was 26.4 and 3.2% vs. 29.4 and 4.0%. From the baseline data of the overall
participants, the present study analyzed 2,288 (818 men and 1,470 women) who were 60 years
or older.

Radiographic assessment

Plain radiographs of the lumbar spine were taken at anteroposterior and lateral position, and the
images were downloaded into Digital Imaging and Communication in Medicine (DICOM)
format files to assess radiographic spondylosis. We used contrast-adjusted images to detect
osteophytes and intervertebral spaces when the original images were obscure, Osteophytes were
analyzed at endplates. The severity of lumbar spondylosis was determined according to the KL
grading (12) at each intervertebral level from L1/2 to L5/S by a single well-experienced
orthopaedist (S.M.) who was masked to the patients’ backgrounds. To evaluate the intraobserver
variability of the KL grading, 100 randomly selected radiographs of the lumbar spine were
scored by the same observer more than one month after the first reading. Furthermore, 100 other
radiographs were scored by two experienced orthopaedic surgeons (S.M. & H.O.) using the
same radiographic atlas for interobserver variability. The intra- and interobserver variabilities
were evaluated by the kappa analysis. These variabilities of the KL grading on lumbar
radiographs have been shown to be sufficient for assessment (0.84 and 0.76, respectively).

Statistical analysis

The non-paired t-test was used to examine the difference of age and BMI between men and
women. To compare the percentage of patients with radiographic spondylosis (KL grade>2 or
>3 at the severest level) and low back pain between men and women, we performed a logistic
regression analysis after adjustment for age and BMI. The differences of prevalence among the
age-groups were determined using the one-way analysis of covariance and Scheffe’s test after
adjustment for BMI. The association of the variables such as age, BMI, gender and community



with the radiographic spondylosis and low back pain was evaluated by the multivariate logistic
regression analysis. The association of radiographic spondylosis at each intervertebral level with
low back pain was determined by the logistic regression analysis after adjustment for age and
BMI. The association of the number of intervertebral level with KIL>3 with low back pain was
determined by multiple regression analysis after adjustment for age and BMI. Data analyses
were performed using SAS version 9.0 (SAS Institute Inc. NC).

RESULTS

Table 1 shows the overall characteristics of the 2,288 participants 60 years or older in the three
cohorts of the ROAD study. Although men were significantly older than women in the overall
population and in some communities, BMI was comparable between genders.

Table 2 shows the prevalence of radiographic lumbar spondylosis and low back pain in the
overall population and subgroups classified by gender and age-strata. In the overall population,
prevalence of radiographic spondylosis with KIL>2 and >3 at the severest intervertebral level
was 75.8 and 50.4%, respectively, and that of low back pain was 28.8%. The prevalence of
osteoporotic fracture at lumbar spine was 10.7 %. Logistic regression analysis after adjustment
for age and BMI revealed that the prevalence of radiographic spondylosis with KL>2 was higher
in men than in women. Meanwhile, that of KL>3 radiographic spondylosis and low back pain
was higher in women than in men. When the prevalence was compared among the generations,
radiographic spondylosis (KL>2 and >3) and low back pain tended to increase with age.
Interestingly, the difference was greater between <70 and 70-79 than between 70-79 and >80.

To identify risk factors for the radiographic spondylosis and low back pain, we further
performed the logistic regression analysis to estimate odds ratios and confidence intervals
(Table 3). Age and BMI were significantly associated with radiographic spondylosis. Male sex
was confirmed to be a risk factor for KL>2 spondylosis while female sex for KL= 3 and low
back pain. Among the communities, mountainous area residents had a lower risk for KI.>3
spondylosis than urban residents.

We then examined the association between radiographic spondylosis and low back pain.
Considering that intervertebral levels other than the severest level of radiographic spondylosis
might possibly cause low back pain, the spondylosis at all intervertebral levels from L1/2 to
L5/S was evaluated: KI.>2 spondylosis was found to be comparably prevalent at L2/3, L.3/4 and
L4/5, while KL.>3 spondylosis was remarkably prevalent at [4/5 in both men and women (Table
4). In fact, among the five levels L4/5 was most frequently determined to be the severest level in
both genders (men: L1/2 49.4%, 1.2/3 59.5%, 1L.3/4 58.0%, L4/5 64.5%, L5/S 48.3%, women:
L1/2 49.5%, L.2/3 58.0%, L3/4 58.6%, L4/5 65.5%, L5/S 44.3%). We then looked at the
percentage of subjects with low back pain in three groups: KL=0 or 1, KL=2, and K1.>3, at each
intervertebral level and the severest level in the overall population and the three communities
(Figure 1). When odds ratios of KL=2 and KL>3 spondylosis as compared to KL=0 or 1 for the
pain were estimated by logistic regression analysis after adjustment for age and BMI, KL=2
spondylosis was not significantly associated with the pain in either gender at any intervertebral
level (Table 5). However, KL>3 spondylosis was related at all levels in women while in none of
the levels in men. Further, the number of intervertebral level with KL>3 spondylosis was
significantly associated with low back pain in women (p<0.01), but not in men by multiple
regression analysis after adjustment for age and BML The association between KL=>3
spondylosis at the severest level and low back pain in women was conspicuous in younger



