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Abstract

Introduction The study aimed to clarify associations
between height loss, bone loss and the quality of life
(QOL) score among general inhabitants of Miyama, a rural
Japanese community. This population-based epidemiolog-
ical study was conducted in Miyama, a village located in a
mountain area in Wakayama Prefecture, Japan.
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Methods A list of all inhabitants comprising 1,543 inhab-
itants (716 men, 827 women) born in this village between
1910-1949 was compiled. From the above whole cohort, a
subcohort to measure bone mineral density (BMD) 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,
1930-1939 or 1940-1949). BMD measurement, physical
measurements of height (cm) and body weight (kg) were
taken, and body mass index (BMI; kg/m’) were calculated.
BMD and anthropometric measurements were repeated on
the same participants at 3, 7 and 10 years after baseline
measurement (1993, 1997 and 2000).

Results and discussion Among 299 of 400 participants,
changes in height over 10 years for men in their 40s, 50s,
60s and 70s were 0.7 em, 0.5 em, —1.2 cm and —1.5 cm,
respectively, compared with —0.7 cm, —1.4 em, -2.1 cm
and =3.7 cm in women, respectively. No significant
relationships between change in height and rate of change
in BMD at the lumbar spine and femoral neck after
adjustment for age in men (lumbar spine, f=0.038,
standard error of the mean (SE)=0.031, P=0.501, R*=
0.038: femoral neck, B=0.100, SE=0.038, P=0.228, R*~
0.121) were identified. By contrast, among women, a
significant positive association was identified between height
change and change rate of BMD at the lumbar spine after
adjusting for age (B=0221, SE=0.039, P=0012, R’=
0.069), while no significant relationship was found between
height change and change rate at the femoral neck (=0.107,
SE=0.039, P=0.229, R*=0.048). No significant relationship
was noted between vertebral fractures (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% CI1 0.87-1.08, P=0.58) or between VFx and height loss
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(men: OR 1.31, 95% CI 1.00-1.71, P=0.051; women: OR
1.20, 95% C1 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:
B=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: $=0.053, 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 [I, 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
I5 years from 1987 to 2002 [3, 4]. Prevention of
osteoporosis and osteoporotic fracture is, therefore, an
urgent issue 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 are 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 Mivama, 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

€) springer

this village between 19101949, 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 (123 items) (the whole cohort).

From the above whole cohort, a BMD cohont was
recruited, consisting of 400 panticipants, 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,
1930-1939, 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 L2-4 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 afier 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



Osteoporos Int (2008) 19:21-28

of thoracolumbar vertebrae Th5-LS 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 vertebrae ThS-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 Th5-LS5, 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 EQ5D 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.
e

Biconcave b/aorb/c<80% um

Wedge a/c £75%

Compound a'/aand b'/b and ol ol
c'/c £ 80% b

Fig. 1 Dmgnostic critenia of vertebral fractures
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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; ecating
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 |0 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 charactenistics between com-
pleters and non-completers has been described elsewhere
[20], and is briefly summarized here. Height, weight and

€) Springer



24

Osteoporos Int (2008) 19:21-28

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 seventies. 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 (en/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

bascline (lumbar spine: men, f=-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, B=0.143, SE=0.014, P=0.149, R*=0.125; women:
B=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: B=0.058, SE=0.031, P=0.501, R*=
0.038; femoral neck: f=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 afier adjusting for age (p =

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 Characteristics at the baseline measurement of participunts completed 1 0-year follow-up

Anthropometric factors

Bone mincral density (gzcm:l

BMI (kg'm®)

Birth cohort Age strata N Age (years) Height(cm) Weight(kg) L24 Femoral neck
Men
1940-1949 4049 6 13 166.5 (5.9) 64.4 (8.9) 231 (2.3) 1.19 (0.17) 0.98 (0.16)
19301939 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 38 63.2(28) 159.4 (5.4)° 56.1 (7.5) 22,0 (24) 1.03 (0199 0.82 (0.12)
1910-1919 70-79 2 B2 1553 (65" 500 (84" 206 (2.6 1.03 (0.20)* 0.79 (0.11)™
Women
1940-1949  40-49 29 44730 1525 (4.7) 533 (3.4) 229 (28) 1.18 (0.16) 0,88 (0.12)
1930-1939  50-59 46 548 (2.6) 149.6 (5.3) 50.3 (7.4) 224 (28) 0.99 (0.18)" 0.75 (0.12)"
1920-1929  60-69 40 64428 1474 (5.1 474 (6.8)° 21.8 (3.0 0.86 (0200  0.69 (0.11)™
1910-1919  70-79 27 TLI(1L8) 143.1 (5.5 454 (1.7 22.1 (3.0 0.79 (0.16)™  0.65 (0.095
Mean (SD)

a: Significantly different from values of the birth cohort group bom in 19401949
b: Significantly different from values of the birth cohort group bom in 19301939
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Table 2 Changes in height, weight, BMI and change mte in bone mineml densitics over 10 years by age and gender

Age at initial survey Change rate of anthropometric factors

Change mte of bone mineral density

Age stmia (years) Height (¢m) Weight (kg) BMI (kg/m*) L2 (*w/year) Femoral neck (*a/year)
Men
40-49 -0.73 (2:21) -0.21 (5.09) 0.17 (220) 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 =119 (241) =3.01 (4.80) -0.86 (1.84) 0.01 (0.89) -0.75 (ﬂ.Wh”
70-79 -1.54 (1.72) -3.08 (3.88) ~0.84 (1,65) ~0.16 (0.68)" ~1.17 (1.09y*
Women
4049 -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 =206 (2.08) =244 (3.55)* ~{.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 valucs of the age-group in their 605

also greater in the group with VFx than without VFx. To
clarify associations between height or height change and
incidence of VFx afier 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 (¢m) 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;
I: 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 097, 95% CI 0.87-1.08, P=0.58).
Furthermore. a non-significant relationship was seen 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% CI1 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 fmcture group

VFx* over 10 years

No Yes P
(n=116) (n=9) (Yes vs, No)
Men Height (em) 161.8 (6.49) 1564 (7.76) 0.014
Height loss 0.87 (2.08) 2.59 (2.23) 0.019
(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

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

*VFx: vertebral fractures
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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 EQ3D 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 EQ3SD 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
EQSD 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 afier
adjusting for age and female menstrual status at baseline

Men

1.251 32 Women
1.00- 1.00- '[
0.75 0.75-
0.501 0.504
0.251 0.25

0.0- 0-

40 50 40 70 40 50 40 70
Age at baseline (years) Age af baseline (years)

Fig. 2 QOL score classificd by age and gender
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Men Women
100 100+ |._I
751 754
50+ 50
251 25
0- 0-
40 50 640 70 40 50 40 70
Age at baseline (years) Age at baseline (years)
*p<0.05

Fig. 3 VAS scores classified by age and gender

(0: regular; 1: irregular; 2: menopause). In both men and
women, no significant relationship was identified between
utility of EQSD and height at baseline (men: p=—0.148,
SE=0.003, P=0.202, R*=0.076; women: p=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: f=
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: f=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: Ba=—0.148, SE=0.003, P=0.202, R*
0.076; women: f=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 are 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 osteoporosis, 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 22 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-nsk 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 cohor,
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. [11] 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 em 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 (em/10 vears) 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 fmpaired 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 osteoporatic fracture and QOL.

Acknowledgements  This work was supported by Grants-in-Aid for
Scientific Research C16590512 (Noriko Yoshimura) from the Minis-
try of Education, Science, Sports and Culture in Japan, H16-Chihou
K 02 1(Di Toshitaka Nakamura) and H17-Mencki-009
(Director, Kozo Nakamura ) from the Ministry of Health, Labour and
Welfare, and a grant from The Japan Osteoporosis Society (Noriko
Yoshimura). The authors wish to thank members in the public office in
Miyama for their assistance in the location and scheduling of
participants for cxaminations.

References

. Hosoda Y, Fujiwara S (1992) The epidemiology of osteoporosis in
Japan. J Epidemiol 2(suppl):205-213
2. Hashimoto T, Sakata K, Yoshimura N (1997) Epidemiology of
osteoporosis in Japan, Osteoporos Int 7(suppl:99-102
3. Orimo H, Hashimoto T, Sakata K. Yoshimura N, Seino Y, Emi M,
Hada A. Suzuki T. Hosoi T. Miyao M, Research Group for Risk
Factors for Prevention of Ostcoporosis, Longevity Science
Genernl Rescarch Project, Ministry of Health and Welfare,
{Director Orimo H) (1999) Results of the 3nd nation-wide survey
of femoral neck fracture. Estimation of the number of new patients

89

)

o)

=

. Korpelai

in 1997 and changes during the past 10-ycar period. Nihon lji
Shinpo (Japan Medical Journal) 3916:46—49 (in Japanese)
Yosihmura N, Suzuki T, Hosoi T, Orimo H (2005) Epidemiology
of hip fracture in Japan: incidence and risk factors. J Bone Miner
Metab 23:78-80

. Wardlaw GM (1996) Punting body weight and ostcoporosis into

perspective. Am J Clin Nutr 63 (3 Suppl).433-436

Yoshimura N, Hashimoto T, Morioka S, Sakata K, Kasamatsu T,
Cooper C (1998) Determinants of bone loss in a rural Japancse
community. The Taiji Study. Ostcoporos Int 8:604-610

. Dennison E, Eastell R, Fall CH, Kellingray S, Wood PJ, Cooper

C(1999) Determinants of bone loss in elderly men and women: a
prospective population-based study. Osteoporos Int 10:384-391

. Wildner M, Peters A, Raghuvanshi VS, Hohnloser 1, Sichert U

(2003) Superiority of age and weight as variables in predicting
osteoporosis in postmenopausal white women, Osteoporos Int
14:950-956

. Nguyen TV, Sambrook PN, Eisman JA. (1998) Bone loss, physical

activity, and weight change in elderly women: the Dubbo Osteopo-
rosis Epidemiology Study. ) Bone Miner Res 13:1458-1467

. Tsunenari T, Yamada S, Kawakatsu M. Negishi H, Tsutsumi M

1 g Lo

(1995) Menopause: ges in bone 1 density in
Jupanese women. A longitudinal study. Caleif Tissue Int 56:5-10

. Meyer HE, Falch JA, O'Neill T, Tverdal A, Varlow J (1995)

Height and body mass index in Oslo, Norway, compared to other
regions of Europe: do they explain differences in the incidence of
hip fracture? European Vertebral Osteoporosis Study Group. Bone
17:347-350

Nguyen TV, Center JR, Eisman JA (2000) Osteoporosis in elderly
men and women: ¢ffects of dictary calcium, physical activity, and
body mass index. J Bone Miner Res 15:322-331

R. Korpelai J. Heikkinen J, Vaananen K,
Keinanen-Kiukaanniemi S (2006) Lifelong risk factors for
osteoporosis and fractures in elderly women with low body mass
index-A population-based study. Bone 39:385-391

. Kasamatsu T, Morioka S, Hashimoto T, Kinoshita H, Yamada H,

Tamaki T (1991) Epidemiological study on bone mineral density
of inhabitants in Miyama Village, Wakayama Prefecture (Part 1),
Background of study population and sampling method. J Bone
Miner Metabol 9(suppl):50-55

. Kinoshita H, Danjoh S, Yamada H et al (1991) Epidemivlogical

study on the bone mineral density of inhabitants m Miyama Village,
Wakayama Prefecture (pant 1) Bone mineral density of the spinc
and proximal femur. J Bone Miner Metab 9(suppl):56-60

. Yoshimura N, Kakimoto T, Nishioka M, Kishi T, Iwasaki H. Niwa

T, Morioka S, Sakata T, Hashimoto T (1997) Evaluation of
reproducibility of bone mineral density measured by dual energy
X-ray absorptiometry (Lunar DPX-L). J Wakayama Medical
Society 48:461-466

. Yoshimura N, Kinoshita H, Danjoh S, Yamada H, Tamaki T.

Morioka S, Kasamatsy T, Hashimoto T, Inoue T (1995)
Prevalence of vertebral fractures in a rural Japancse population.
J Epidemiology 5:171-175

. EuroQol Group (1990) EuraQol: A new facility for the measurc-

ment of health-related quality of life, Health Policy 16:199-208

. Tkeda S, Ikegami N (on behalf of the Japanese EuroQol Taniff

Project) ( 1999) Health status in Japancse population, Results from
Jupanese EuroQol Study. Iryou-to-Kagaku 9:83-92 (in Japanecsc)

. Yoshimura N, Kinoshita H. Danjoh S. Takijiri T. Morioka S,

Kasamatsu T, Sakatn K, Hashimoto T (2002) Bone loss at the
lumbar spine and the proximal femur in a rural Japanese
community, 1990-2000: The Miyama study. Ostcoporos Int
13:803-808

- Yoshimura N, Kinoshita H, Oka H, Muraki S, Mabuchi A,

Kawaguchi H, Nakamura K (2006) Comulative incidence and
changes in prevalence of vencbral fractures in a rural Japanesc

4) springer



Osteoporos Int (2008) 19:21-28

25.

26.

community: a |O-year follow-up of the Miyama Cohort. Archives
Osteoporosis, DOL 10.1007/51 1657-006-0007-0

. Yoshimura N (1996) Incidence of fast bone losers and fiactors

affecting changes in bone mineral density - A cohort study in a
rural Japanese community-. J Bone Miner Metab 14:171-177

. Twiss JJ, Dillon AL, Konfrst JM, Stauffer ), Paulman A (2002)

The relationship of actual height loss with health-secking
behaviors and risk factors in perimenopausal and menopausal
women. J Am Acad Nurse Pract 14:131-137

. Thomton MJ, Sedlak CA, Doheny MO (2004) Height change and

bone mineral density: revisited. Orthop Nurs 23:315-320

Kantor M, Ossa KS, Hoshaw-Woodard SL, Lemeshow S (2004)
Height loss and osteopaorosis of the hip. J Clin Densitom 7:65-70
Nathan H (1962) Osteophytes of the vertebral column, an
anatomical study of their development according to age, race.
and sex with considerations as to their ctiology and significance.
J Bone and Joint Surg 44:243

4 springer

27.

29,

30,

Yoshimura N, Saika A, Oka H (2006) The study on the causality
berween osteoporosis and osteoarthritis, Osteoporos Jpn 14:691-
695 (in Jupancse)

. Fujiwara S (2006) Clinical sign-height loss and vertebral

deformity. Nippon Rinsho 64:1610-1614 (in Japanese)

Martin AR, Somay-Rendu E, Chandler JM. Duboeuf F. Girman
CJ, Delmas PD (2002) The impact of osteoporosis on quality-of-
life: the OFELY cohort. Bone 31:32-36

Fechtenbaum 1, Cropet C, Kolta S, Horlait S, Orcel P, Roux € (2005)
"The severity of vertebral fractures and health-related quality of life in
osteoporotic postmenopausal women, Osteoporos Int 16:2175-2179

- Miyakoshi N, Itoi E, Kobayashi M, Kodama H (2003) Impact of

pnmunl deformities and spml mobility on gquality of life in
ipausal sis. Osteoporos Int 14:1007-1012

L Tmah K, Yoshu-wnrM Yoh K (2005) Improvement of QOL in

ostcoporotic patients by calcitonin treatment. Clin Calcium
15:174-178 (in Japancse)

OSTEINT _10_1_2007474



Osteoarthritis and Cartilage (2008) 16, 13001306
® 2008 Osteoarthilis R h Society ional. Published by Elsevier Lid. All rights reserved.
doi:10.10184 joca.2008.03.011

-

Osteoarthritis gamml {,hmnmu:ms
and Cartilage | C R o OA

Fully automatic quantification of knee osteoarthritis

severity on plain radiographs

H. Oka M.D.t, S. Muraki M.D., Ph.D.{, T. Akune M.D., Ph.D.{, A. Mabuchi M.D., Ph.D.{,
T. Suzuki M.D., Ph.D.{, H. Yoshida M.D., Ph.D.1, S. Yamamoto M.D., Ph.D.1,

K. Nakamura M.D., Ph.D.§, N. Yoshimura M.D., Ph.D.1 and H. Kawaguchi M.D., Ph.D.§*
t 22nd Century Medical Center, The University of Tokyo, Tokyo, Japan

t Tokyo Metropolitan Institute of Gerontology, Tokyo, Japan

§ Sensory and Motor System Medicine, The University of Tokyo, Tokyo, Japan

Summary

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

Methods: KOACAD was programmed lo measure joint space narrowing al medial and lateral sides, osleophyte formation, and joint angula-
tion. Anteroposterior radiographs of 1979 knees of a large-scale cohort population were analyzed by KOACAD and conventional categorical
grading syslems.

Results KOACAD at ically ed all p lers in less than 1 s wilhout intra- or inlerobserver variability. All paramelers, especially
medial joint space namowing, were significantly correlated with the conventional gradings. In the parameters, osteophyte formation was as-
sociated with none of the joinl space parameters. suggesting diflerent eliclogic mechanisms beb them. Multivariate logistic regression
analysis after adjustment for age and confounding factors revealed thal medial joint space narrowing and varus angulation of knee joints
were risk factors for the presence of pain (534/1978 knees). while neither lateral joint space nor osteophyle area was.

Conclusion: KOACAD was shown lo be useful for objective, accurate, simple and easy evaluation of the radiographic knee OA severity in daily
cli_niml practice. This system may a_;so serve as a surrogate measure for the development of disease-modifying drugs for OA, just as bone

@ 2008 Osteocarthritis R hSochiyiu ional. Published by Elsevier Lid. All rights reserved.
Key words: Osteoarthritis, Knee, Diagnosis, Compulter-aided diagnosis, Imaging, Plain radiograph.

Introduction evaluate the structural severity and theraby tg assess thel
{ ures i ne miner;

Due to the rapidly increasing fraction of aging people today, :T,?:g {g,:sﬁﬁ z:mt;.meas S e
ostecarthritis (OA) is now considered as a major public Although magnetic resonance imaging (MRI) with high
health issue causing chronic disability in most developed resolution has been rapidly advanced as a promising tech-
countries. ft is estimated that up to 10% of the entire world nique, it is still too laborious and expensive to perform in
population, and more than 50% of those aged over 50 general clinical practice or in population-based epidemio-
years, are suffering from OA'. Knee OA, affecting about logic studies, and the interpretation remains controversial
30% of those over 65 years and as often associated with as a primary end-point in clinical trials of the disease-
disability as heart and chronic lung diseases™ ", is charac- modifying drugs® . Biochemical markers of cartilage tum-
terized by pathological features including joint space over are being tested to measure the disease progression;
narowing, osteophyte formation, and joint angulation. however, their validation as a_surrogate measure wil
Although OA and osteoporosis are the two major skeletal require significant additional work®®. Hence, plain radiogra-
mmﬁwmmuw,mta}b!mb@hlmm- phy is considered the gold standard as a method that is
teoporosis in the assessment of its disease severity and in non-invasive, inexpensive, convenient, simple, and fast to
the development of disease-modifying drugs. This is mainly use In assessing OA severity. The most conventianal
due to the lack of an objective and accurate method to system to grade the radiographic severity has been the
Kellgren/Lawrence (K/L) grading®. However, this categori-
cal system is lil'l‘l!tﬂl'lc')A ':;/ imlﬂm assumptions that progres-
= - ’ sion of distinct tures joint space narrowing and
K dress CoE e B O st Modone,  OSieOphyte formation is finear and constant, and that hei
Facully of Medicine, The University of Tokyo, Hongo 7-31,  'elationships are proportional. Since the systsm em-
, Tokyo 113-8655, Japan. Tol: 81-3-3815-5411 ext. 30473; phasizes the development of osteophytes, it is unclear

Fax: B1-3-3818-4082; E-mail: kawaguchi-on@h.u-tokyo.ac.jp how to handle knees with severe joint space narrowing
Received 3 J y 2008; revision accepted 9 March 2008. but no osteophyte formation. To overcome the problem,
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a radiographic atlas of individual features was published b!
the OA Research Society 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 tibicfemoral compartments on radio-
graphs; however, the grading is still limited in reproducibility
and sensitivity due 1o 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 there still remain intra- and interob-
server variabilities since initial operations like ldanmring
points or drawing lines must be manually pedformed'® ',

The present study has developed a novel computer
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 piain anter or 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 radi
seva‘hyoimknanAwasnmssstrongasmawould
expect %", Hence, this study finally sought to identify
radiugraphu: 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

TthOﬂDnmdyaamWOAWmsmuUmdnm
and ts constituied of four cohons. So far, we have completed creaton of
& baseline database including clinical and genomic information of 3040
mmmmmmmmwmm
The datab wor and lateral rad ol b

of calculated widihs of tibia and fibula at the level of 100 pixels abave the
Next, to determine the ragion of |

rims of the joint space. Outings of antenor and posteror margins of the tbial
plateau were drawn similarty 1o that of the f | dyle, and the middie
mmmunhwmln-mumummmnlum
m[F@ltEllMlswlmnmmmMW
was drawn, and ther gnated as the inside rims
F@‘tﬁ]mmnw.&umm the arsas sur-
rounded by the upper, lower, inside, and oulside rims above [Fig 1(G)].
The medial and lateral mJSWs were lunther determined as the minimum ver-
tical distances in the respective JSA [Fig. 1(H))
To maasure muﬂﬁh.hmﬁm%mﬂud

ference filter and Canny's filler as described above. Then, I'hn'dhclm
points for the outlines were calculaled. The medal cufiing of the fibia from
the inflection point was drawn upward 1o the joint lavel [Fig. 1(1J]. and the
MMMMWWMMMMM
P area [Fig. 1(J)). For TFA, a midde line
Mmhmﬂdu\dMNﬁudmwmmmwm
image 10 the nflecion points waa drawn [Fig. 1(K)], and the straight regres-
sion line was delermined 1o be the axis of he famur. , the straight
wmalhmmmmmmmmmmmm
points was designaled as the axis of the tibia. The lateral angle between the
two aws lines was calculated as TFA [Fig. 1(L)].

ANALYSES

To decide ihe ideal conditons for the taking of radiographs for the KOA-
CAD analysis. we iniially avaluated the reproducibility of e six parameters
by an intraclass coefficient of comelation (ICC) on radographs of 20 individ-
vals taken at & 2.week interval with vanous knee flexion angles (0, 10, 20,
and 30') and X-ray beam angulations (0, 5, 10, and 15°).

Conventonal gradings by tha K/L system and the QARSI radographic atlas

on 50

were performed by

selected bom the 1979 abave, Mﬂhlﬂ-lﬂ'\dhﬂmm

ﬂmmwmmhyxma MKUACADWNH-MM

un omi bya

program (Quick Grain Standard, Inatech, Hiroshima, Japan,lnfwm;d

the outiines of femur and tibia by the orthopedists. and intra- and Interobsenver

ICCs of sach parameler were compared with those of KOACAD.
WMMMWU:WMMM[O-QM

knees of all paricipants. For evaluation of the KOACAD mtam wo used
1979 anteropostarior from 2002 knees of 1001 P ol

by S5 test on Me entire 1979 radiographs.
%dmmm?uﬁlmtﬂdlwmmmmbm

radiographs
uummmuﬁmmmmmmmm
than 5" flexion contracture were omitted. The study was conducted with
denmmmmumornmmuumw
lﬂdll‘le‘fdtya P L ol G gy, and all p i

RADIOGRAPHY

Plain radgiographs with standing on boih legs and tha knee axlendad were
taken with & horizontal X-ray beam unless oherwse described, using a Fup
sooomnemm-se 46 cm Fuji ST-VI Computed (CR)

ging plate (Fuji Medical Sy . Tokyo, Japan) with a 20 « 30 mm rect-
u\gulwmnlutnbodduuulnwwmﬂm: Rotation of the foot
mﬂuﬂadmmmmndmwmwdldbmlw
beam. Images were into Digital and C
in Medicine (DICOM) format files with a spatial resolution of 1584 ~ 2016
pixals (gving a pixel size of 0.01 mm) and 1024 gray lavels.

IMAGE PROCESSING BY KOACAD

The KOACAD was pr 1o p ta} auto-
matically on the Mmaunsamvnun'\gﬂ\nnbhwmudpwmn
language C++ [Fig. 1{A)]. Iniially, col
mmwﬁmﬂlhnnpﬂnolmwwsm To
reduce the image noise, l'wmnmmdan:ﬂ\umumlmwmm
with a 3 « 3 square neigh dian filler as rep P ¥

and JEA at the medial and lateral

Wys-mm.dnmbmnbto the associaled
95% confidance interval (Cl). Final multivanate were
through stepwise elimination of vanables of interest from univariate analysis
aher adjusiment for age wmmn

AP-whlnlrﬂﬂSlm lysi

1 sigrat-
w@zmmmwuduwmmu{m Insttute

FLEXION ANGLES AND X-RAY BEAM ANGULATIONS

The KOACAD system could automatically measure the
six parameters on an anteroposterior knee radiograph in
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Fig. 1. Schema of image processing by KOACAD. (A) A digitized knee radiograph as a DICOM file. (B) Filterings lo reduce the image noise and
Io extract outlines of tibia and lemur. (C) ROI and the center including the tibicfemoral joinl space. (D) An outline of temoral condyle (blue ling) as
the upper and oulside rims of the joinl space. (E) Outlines of anterior and postenor margins of the libial plateau (green fines), and the middle line
between the two outlines (red lina) as the lower rim of the joint space. (F) A straight regression line (black line) Tor the lower nm line, and their
intersections as the inside rims. (G) Medial and lateral JSAs (while areas) surrounded by the upper, lower, Inside, and oulside rims. (H) Medial
and laleral MJSWs (brown lines) as tha minimum vertical distances in the JSAs. (1) Medial outline (blue line) of the tibia drawn from the calcu-
lated inflection point upward fo the joint levsl. (J) Osteophyle area (red area) that is medially prominent over the smoothly extended outline of the
tibia. (K) Medial and lateral outfines (blue lines) of the femur and tibia from the edges of the image to the infliection points, and the middle lines
(purple lines). (L) TFA as the lateral angle between the straight regression lines (black lines) of the middie lines above in the femur and tibia
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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
at a 2-week interval with various knee flexion angles and
X-ray beam angulations (Table [). The reproducibility of all

ers 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 tiblal plateau.
Hence, we decided to take 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 confirmed that all parame-
ters were unchanged independent ol cbserver or time mea-
sured (all ICC =1.0). Contrarily, when we examined the
intra- and interobserver variabilities of the conventional cat-
egorical grading systems on 50 randomly selected radio-

, 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) (Supptenmm
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 parameters
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/ and OARSI gradings on the 1979
radiographs (Table Il). All parameters were significantly cor-
related with the K/L grading {P < 0.0001); with medial JSA,
medial mJSW, and TFA being mast strongly correlated with
it. Five common parameters showed good corelation
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 identity radiographic factors associated with
knee pain using the KOACAD system in the 1979 radio-
graphs, we compared the parameters between groups
with (594 knees) and without (1385 knees) knee pain (Table
V). Although age was comparable, all parameters were
significantly ditferent 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 Hll), we performed a multivariate analysis after adjust-
ment for age and confounding factors in both genders

Table |
Raproducibility of KOACAD paramelers measured on radiographs of an individual with various knee flexion angles and X-ray beam
angulations
Knea flexion angle (*) 0 10 20 30
KOACAD parametars (ICC)
Medial JSA (m 088 077 074 074
Lateral JSA (mm®) 082 0.67 073 073
Medial mJSW (mm) 096 082 0.90 078
Lateral mJSW (mm) 095 0.86 088 0.80
Osteophyte area (mm°) 0499 081 079 0.81
TFA (*) 094 093 088 0.86
X-ray beam angulation (*) . 0 5 10 15
KOACAD parameters (ICC)
Medial JSA (mm”) 0.88 0.87 ND ND
Lateral JSA (mm”) 092 0.92 (17/20) (20:20)
Medial mJSW (mm) 0.86 0.96
Lateral mJSW (mm) 085 0.95
Osteophyte area (mm°) 089 089
TFA (%) 0.84 083

Reproducibility of six paramelers was evaluated by an ICC on radiographs of 20 individuals taken al a 2-wecek interval. ND: not determined

due to overap of femur and tibia.




1304 H. Oka et al.: Automatic quantification of radiographic parameters in knee OA
Table Il
Correlations of the KOACAD parameters with the K/L and OARS gradings
9 1 2 3 4 R

Number 162 625 956 205 3

Medial JSA (mm®) 1124418 970+ 09 91107 8a2-19 524:54 -029
Lateral JSA (mmr’) 114320 1106+ 1.1 107208 1053+ 1.9 106261 -009
Medial mJSW (mm) 38:01 34200 31+:00 25:01 15:02 -041
Lateral mJSW {mm) 47201 44-00 43:01 2+0.1 42-03 -0N
Osteophyte area (mm°) 27+14 20+02 32:02 79=13 108+:42 0.15
TFA (") 175.7 02 176201 1774 01 1796+ 03 184212 0.31
OARS! grading

Medial JSA ( (n) 105.9 « 0.9 (602) B80B:07(953) 900:13(317) 654 :22(107) -0.34
Lateral JSA ( ) (n) 100.6 + 0.6 (1926) 87.7 +42 (38) 617 + 7.3 (15) = {0) -0.16
Medial mJSW (mm) (n) 356+ 0.0 (802) 31400 (953) 27400(317) 1.8+ 0.1 (107) -0.45
Lateral mJSW (mm) (n) 4.3+ 00 (1926) 33: 02 (38) 25:03(15) —(0) -0.19
Osloophyle area (mm®) (n) 20+ 02 (1212) 2.8 04 (421) 4.7 + 08 (215) 14.7 £ 0.7 (131) 0.25

ware performed by Spearman's comelation test on 1979 radiographs, and data are expressed by means : sew (all

P-values < 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 osteophyte area was.

Discussion

In the present study, we established a fully automnatic
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 lo better understanding of
the OA pathophysiology. For example, a lack of association
between osteophyte formation and joint space narrawing
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 radiographs, 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 comelation analy-
sis among the parameters also revealed that joint space
narrowing at medial and lateral sides was positively cofre-
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 assessmeni of tibiofe-
moral joint space on plain radiographs, 2 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'*?”#%, Among the reponts, 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 I
Correlations among the KOACAD paramefers

Medial JSA Lateral JSA Medial mJSW Lateral mJSW Osleopyte area TFA
Madsal 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) 022 (<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 wera 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 paramelers belween knees
with and without pain

Pain (=) Pain (~) P-value
Participants 504 (124/470) 1385 (S75/810)
(man/women)
Age (years) 768+ 47 77044 NS
Parameters
Medial JSA (mm®) BRO <10 957 +07 <0.0001
Lateral JSA (mm®) 1059 + 1.1 1102+07 00013
Medial mJSW (mm) 29+10 33:12 <0.0001
Lateral mJSW (mm) 43101 44:00 0.0044
Osteophyte area (mm”) 48:54 290:70 0.0002
TFA (") 1779 - 33 1768243 <0.0001

Analyses were performed on 1979 radiographs, and dala are ex-
pressed by means = seu. Pwvalues were determined by Student's
ttest. 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 epidemiclogic studies. Meanwhile, the
conventional standing extended view knee radiographs that
the KOACAD system adopted are known to be sensitive to
change if the tiblal plateau is adequately aligned™. To over-
come variability of the tibiolemoral 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 the middle line between outlines 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
fiexion and 0-5° X-ray angulation (Table ). 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 mutktiple 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

logistic regression analysis for OR and 85% Cl of the
Ki parameters for knee pain

Men (699) Wormen (1280)

OR g5% Cl OR 95% Cl
Medial mJSW 1.46 1.16-1.90 141 1.23-163
Laleral mJSW 099 079-123 1.10 0.88-124
Osteophyte area 0.99 0.896-1.04 099 0.98-1.00
TFA 1.07 1.01-1,13 1.07 1.03-1.10

Data were calculaled by stepwise logislic 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
comelated with that of pain'®*°_ 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
canilage is viewed as a major target tissue of OA, knee
pain may arise from a number of different structures like
joint capsule, ligaments, menisci, bursae, and the bone
marrow. P ical 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, ious 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 penarticular 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 radioagraphic
change is associated with substantial cartilage 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. Recemt 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-
vay including the KOACAD radiographic analysis on more
than 3000 participants and the gquantitative MRI on a portion
of these. rison 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
association between knee pain and radiographic features.

In conclusion, we have established a fully automatic
computer-assisted program, KOACAD, to quantify knee
OA 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
knee OA patients 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 wil
be prevalently used worldwide to lead to intemational crite-
ria lor diagnosis and treatment of knee OA, just like BMD in
osteoporosis.
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