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Objective: Knee osteoarthritis (OA) is a major public health issue causing chronic pain and disability.
However, there is little information on the impact of this disease on quality of life (QOL) in Japanese men
and women. The objective of the present study was to clarify the impact of radiographic and symp-
tomatic knee OA on QOL in Japan.
Methods: This study examined the association of radiographic and symptomatic knee OA with QOL
parameters such as the Medical Outcomes Study Short Form-8 (SF-8), EuroQOL (EQ-5D) and Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC). Radiographic knee OA was defined
according to Kellgren/Lawrence (KL) grades, and symptomatic knee OA was defined as KL =3 or 4 with
knee pain. We also examined the independent association of symptomatic knee OA and grip strength
with QOL.
Results: From the 3040 participants in the Research on Osteoarthritis Against Disability (ROAD) study, the
present study analyzed 2126 subjects older than 40 years who completed the questionnaires (767 men
and 1359 women; mean age, 68.9 & 10.9 years). Subjects with KL = 3 or 4 had significantly lower physical
QOL as measured by the physical component summary (PCS) score of the SF-8 and pain domains of the
WOMAC, whereas mental QOL, as measured by the mental component summary (MCS) score of the SF-8,
was higher in subjects with KL=3 or 4 than KL= 0 or 1. Symptomatic knee OA was significantly more
likely than radiographic knee OA without pain to be associated with physical QOL loss as measured by
the PCS score and physical domains of the WOMAC. Symptomatic knee OA and grip strength were
independently associated with physical QOL.
Conclusion: This cross-sectional study revealed that subjects with symptomatic knee OA had significantly
lower physical QOL than subjects without it.

© 2010 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Introduction years and older estimated to experience radiographic knee OA>.

According to the recent National Livelihood Survey of the Ministry

Knee osteoarthritis (OA) is a major public health issue that
causes chronic pain and disability!=. The prevalence of radio-
graphic knee OA is high in japan". with 25,300,000 subjects aged 40
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of Health, Labour and Welfare in Japan, OA is ranked fourth among
diseases that cause disabilities that subsequently require support
with activities of daily living®.

Quality of life (QOL) measurements in patients with chronic
diseases are useful tools for estimating disease impact; these QOL
scales may be generic or disease specific. Among the generic scales,
the EuroQOL (EQ-5D) has been widely used to measure health-
related QOL (HRQOL) in patients with OA’®, and several studies
have used the Medical Outcomes Study Short Form-36 (SF-36) in
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Caucasian patients with OA®"'. However, almost all of these
studies include only patients with knee OA, and there are few
population-based studies regarding knee OA and QOL!. A previous
population-based study in Caucasians showed that arthritis has
a major impact on the HRQOL measured by the SF-36 in
a community setting'!, although arthritis was examined by self-
reported means and not by radiographs. In terms of disease-specific
scales for knee OA, the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) has been used for Caucasians'? and
Asians™™, although these reports were not population-based
studies. Furthermore, there is little information on the impact of
knee OA with QOL in Japan, although a population survey suggests
that the disease pattern differs among races™ . In fact, the
prevalence of knee OA in Japan* was much higher than that of
previous epidemiologic studies in elderly Caucasians'®'®, Further-
more, in terms of risk factors, studies in Caucasians have suggested
that occupational activities that include kneeling and squatting
were associated with knee OA!9, whereas these activities were not
associated with Kellgren/Lawrence (KL) grades>2 OA in our
previous study in Japan®®, Therefore, the impact of knee OA on QOL
also appears to differ in different populations. It would thus be of
interest to clarify the impact of OA on QOL in a Japanese population.

The principal clinical symptom of knee OA is pain®!, but the
correlation with the radiographic severity of knee OA is con-
troversial**?>~?4, Thus it would be interesting to determine whether
the impact of radiographic knee OA on QOL differs according to the
severity of OA. Furthermore, pain is strongly associated with QOL,
so it would be of interest to clarify the impact of symptomatic OA as
well as radiographic knee OA on QOL.

Gender differences have also been observed in knee OA. The
prevalence of knee OA is higher in women than men? and the
association of knee pain with knee OA also differs by gender?. Thus,
the impact of these diseases on QOL may also differ between
genders. However, to the best of our knowledge, there are no
population-based studies that assess the association of knee OA
with QOL in men and women separately.

Grip strength is a useful marker of muscle function and sarcope-
nia?>. There is growing evidence that reduced grip strength is asso-
ciated with adverse outcomes including morbidity?®, disability?’,
falls*’, higher fracture rates®, increased length of hospital stay?°, and
mortality?’. A previous study also showed that grip strength is related
to total muscle strength®, Furthermore, there is increasing recogni-
tion that grip strength is a useful clinical marker of sarcopenia, and
recent work has validated this approach, demonstrating that grip
strength is more strongly associated with age and is a better predictor
of poor mobility than other potential markers such as calf muscle
areal, Previous reports have shown that low muscle mass was also
associated with reduced QOL3233; thus, the association of knee OA
with QOL may be influenced by grip strength, but again, no studies
have examined the association of knee OA and grip strength with QOL
simultaneously in the same population.

The first objective of this study is to clarify the association of
radiographic severity of knee OA with QOL among Japanese men and
women using the large-scale, population-based cohort study called
the Research on Osteoarthritis Against Disability (ROAD). Because
pain is strongly associated with QOL, we also examined the associ-
ation of symptomatic knee OA with QOL. Finally, we analyzed the
independent associations of knee OA and grip strength with QOL.

Subjects and methods
Subjects

The ROAD study is a nationwide prospective study designed to
establish epidemniologic indexes for evaluation of clinical evidence
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for the development of a disease-modifying treatment for bone and
joint diseases (with OA and osteoporosis as the representative bone
and joint diseases). It consists of population-based cohorts in
several communities in Japan. A detailed profile of the ROAD study
has been described in detail elsewhere*>3%; a brief summary is
provided here. To date, we have completed creation of a baseline
database including clinical and genetic information for 3040
inhabitants (1061 men and 1979 women) ranging in age from 23 to
95 years (mean, 70.6 years), who were recruited from resident
registration listings in three communities: an urban region in Ita-
bashi, Tokyo, a mountainous region in Hidakagawa, Wakayama, and
a seacoast region in Taiji, Wakayama. All participants provided
written informed consent, and the study was conducted with the
approval of the ethics committees of the University of Tokyo and
the Tokyo Metropolitan Institute of Gerontology. Anthropometric
measurements included height and weight, and body mass index
(BMI) (weight [kg}/height? [m?]) was calculated. Grip strength was
measured on bilateral sides using a TOEl LIGHT handgrip dyna-
mometer (TOEl LIGHT Co., Ltd, Saitama, Japan), and the better
measurement was used to characterize maximum muscle strength.
Among 2995 subjects aged 40 years or older in the ROAD study,
2243 (74.9%), 2245 (75.0%) and 2222 (74.2%) subjects completed
the SF-8, the EQ-5D and the WOMAC, respectively, and 2126 (71.0%)
subjects completed all three questionnaires. The present study
analyzed 2126 subjects (767 men and 1359 women) aged 40 years
(mean, 68.9 + 10.9 years) or older who had completed the SF-8, the
EQ-5D, and the WOMAC.

Radiographic assessment

All participants had radiographic examination of both knees
using anterior—posterior and lateral views with weight-bearing
and foot map positioning. Knee radiographs were read without
knowledge of participant clinical status by a single well-experi-
enced orthopaedist (SM) using the KL radiographic atlas for overall
knee radiographic grades. In KL grade, radiographs are scored as
grade 0 through 4, with higher grades being associated with more
severe OA. The higher KL grade in both knees was designated as
that of the participant. Symptomatic knee OA was defined as: (1)
a subject reporting knee pain lasting at least 1 month with pain
having last occurred within the current or previous year; and (2)
KL=3 or 4 OA in the painful knee. To evaluate the intra-observer
variability of KL grading, 100 randomly selected radiographs of the
knee were scored by the same observer more than 1 month after
the first reading. One hundred other radiographs were also scored
by two experienced orthopaedic surgeons (SM & HO) using the
same atlas for inter-observer variability. The evaluated intra- and
inter-observer variabilities were confirmed by kappa analysis to be
sufficient for assessment (0.86 and 0.80, respectively).

Instruments

The SF-8 generates a health profile consisting of eight scales and
two summary measures describing HRQOL. The SF-8 is an alternate
form to the SF-36, which is the most widely used patient-based
health status survey, translated into more than 40 languages; the
Japanese version of the SF-36 has been well validated®, The SF-8
uses a single question to measure each of the eight SF-36 domains.
In the SF-8, each of the eight items assesses a different dimension of
health: General Health (GH), Physical Functioning (PF), Role Phys-
ical (RP), Bodily Pain (BP), Vitality (VT), Social Functioning (SF),
Mental Health (MH) and Role Emotional (RE). The SF-8 was scored
by assigning the mean SF-36 scale score from the 2002 general
Japanese population to each response category of the SF-8
measuring the same concept, and then weighting each SF-8 item to
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compute aggregate physical component summary (PCS) and
mental component summary (MCS) scores. The SF-8 may be scored
using a published algorithm for Japanese versions of the SF-8,
which has been well validated®. The EQ-5D self-report
questionnaire measures five domains of HRQOL, including mobility,
self-care, usual activities, pain/discomfort, and anxiety/depres-
sion®®, Each of the five domains is assessed by a single question
with three response levels (no problem, some problems, and
extreme problems), so the EQ-5D defines a total of 243 health
states. These results were coded and converted to a score of utility
using the tables of values®®. The EQ-5D scoring algorithm was first
developed using time trade off-based preference scores for
a sample of these health states from a representative sample of the
UK general population®®; the Japanese version of the EQ-5D has
been validated3®. This EQ-5D algorithm is used worldwide and
generates scores ranging from —0.111 to 1.000, with negative scores
representing health states worse than being dead, O representing
being dead, and 1.00 representing a state of full health. The
WOMAC, a 24-item OA-specific index, consists of three domains:
pain, stiffness, and physical function. Each of these 24 items is
graded on either a five-point Likert scale or a 100-mm visual
analogue scale’®4°, In the present study, we used the Likert scale
(version LK 3.0). The domain score ranges from 0 to 20 for pain, O to
8 for stiffness, and O to 68 for physical function. Japanese versions of
the WOMAC have also been validated®.

Statistical analysis

The differences in age, height, weight, BMI, grip strength, and
QOL measurements between men and women were examined by
the Student’s t test. The prevalence of radiographic and symp-
tomatic knee OA was compared between men and women using
the chi-square test. We also used the chi-square test to analyze
whether subjects with one symptomatic knee were likely to have
symptomatic OA in the other knee. According to KL grade™ KL=2
was defined as definite osteophytosis but no definite joint space
narrowing, and KL=3 and 4 included definite joint space nar-
rowing. We thus categorized KL grade in KL=0 or 1, KL=2, or
KL=3 or 4, and differences among each KL grade with QOL
measurements were determined using the Tukey Honestly Signif-
icant Difference (HSD) test without adjustment and after adjust-
ment for age, BMI, and grip strength in men and women. We
further classified subjects into those with symptomatic knee OA,
those with KL= 3 or 4 knee OA without pain, and those without
KL =3 or 4 knee OA, and compared their association with QOL using
the Tukey HSD test after adjustment for age, BMI, and grip strength.
To determine the independent association of symptomatic knee OA
and grip strength with QOL, we used multiple regression analysis
without adjustment and after adjustment for age and BMI. Data
analyses were performed using SAS version 9.0 (SAS Institute Inc.,
Cary, NC).

Results

The characteristics of the 2126 participants in the present study
are shown in Table 1. The prevalence of knee OA was significantly
higher in women than men. The prevalence of bilateral and
unilateral symptomatic knee OA was 2.0% and 3.0% in men, and
5.6% and 5.8% in women, respectively. Chi-square test showed that
when the right knee had symptomatic knee OA, the odds ratio for
the left knee to have symptomatic knee OA was 86.3 and 59.7 in
men and women, respectively. The PCS and MCS of the SF-8 and the
EQ-5D utility scores were significantly higher and the all domains
of WOMAC were significantly lower in men than women, indicating
that the QOL scores were higher in men than women.
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Table I
Characteristics of participants
Overall Men Women P-Values

Number of subjects 2126 767 1359
Age, years 689+109 69.7+105 684+11.1 0.006
Height, cm 1546 +£9.2 162.8+6.7 150.0+6.9 <0.0001
Weight, kg 550+109 61.5+10.8 51.4+9.0 . <0.0001
BMI, kg/m? 229436 23.1+34 22.8+3.7 0.03
Grip strength, kg 255+9.3 332+89 212463 <0.0001
Radiographic knee OA, % 179 11.6 215 <0.0001
Symptomatic knee OA, % 9.0 5.0 113 <0.0001
SF-8

PCS 47.0+7.0 474468 46.8+7.0 0.03

MCS 528 £5.9 534£53 52.5+6.1 0.0009

EQ-5D 090+0.15 091+014 090+0.15 003
WOMAC

Pain (0—20) 1.37+244 1.13+216 1504257  0.0003

Stiffness (0—8) 071+125 063+1.09 077+£133 001

Function (0—68) 408793 335+7.06 449+837 0.001

Except where otherwise indicated, values are the mean + SD.

The differences between men and women were examined by the Student’s ¢ test
except for the prevalence of radiographic and symptomatic knee OA.

The prevalence of radiographic and symptomatic knee OA was compared between
men and women using the chi-square test.

Radiographic knee OA was defined as KL grade 3 or 4.

Symptomatic knee OA was defined as KL grade 3 or 4 with knee pain.

SF-8, Medical Outcomes Study Short Form-8.

The scores for PCS and MCS in the SF-8, the EQ-5D utility scores,
and all domains in the WOMAC by KL grade of knee OA in men and
women are shown in Tables II and Ill. The associations of age, BMI,
and grip strength with each QOL parameter were significant in men
and women by linear regression analysis (P < 0.01), except for the
association of age with the MCS of the SF-8. Thus, we used the
Tukey HSD test after adjustment for age, BMI, and grip strength to
determine the association of radiographic severity of knee OA with
QOL. Men and women with KL = 3 or 4 had significantly lower QOL
measured by PCS of the SF-8 and pain domains of the WOMAC than
those with KL= 0 or 1 as well as KL = 2. In addition, the MCS scores
were higher in men and women with KL= 3 or 4 compared with
KL= 0 or 1. The EQ-5D utility scores were not significantly associ-
ated with the KL grade of the knee after adjustment for age, BMI
and grip strength.

Next, to determine impact of symptoms of radiographic knee OA
with QOL, we classified subjects into those with symptomatic knee
OA, defined as KL =3 or 4 with knee pain, those with KL=3 or 4
without pain, and those without KL=3 or 4 and compared the
impact of each type of OA on QOL using the Tukey HSD test after
adjustment for age, BMI, and grip strength (Fig. 1). In men and
women, PCS of the SF-8 and physical function domain of the
WOMAC were significantly lower in subjects with symptomatic
knee OA compared with those without KL= 3 or 4 knee OA (men:
difference in mean -5.9, 95% Cl —8.6 to —3.2 and difference in
mean 4.9, 95% CI 2.2 to 7.6, respectively; women: difference in
mean —4.3, 95% CI —5.7 to —2.9 and difference in mean 3.9, 95% CI
2.3 to 5.5, respectively) as well as KL = 3 or 4 knee OA without pain
(men: difference in mean —6.3, 95% CI —-9.7 to —3.0 and difference
in mean 5.7, 95% CI 2.3 to 9.1, respectively; women: difference in
mean —4.9, 95% Cl —6.7 to —3.1 and difference in mean 3.9, 95% Cl
1.8 to 5.9, respectively), whereas among those with KL= 3 or 4 knee
OA without pain and no KL=3 or 4 knee OA, there were no
significant differences in PCS of the SF-8 and physical function
domain of the WOMAC. In women, MCS of the SF-8 was signifi-
cantly higher in subjects with symptomatic knee OA compared
with those without KL = 3 or 4 knee OA (difference in mean 2.6, 95%
Cl 1.3 to 4.0) as well as KL = 3 or 4 knee OA without pain (difference
in mean 2.3, 95% Cl 0.6 to 4.0). The EQ-5D utility score was
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Mean scores of the SF-8, EQ-5D, and WOMAC scales by KL grade in men

Severity of knee OA

Difference in means (95% CI)

KL=0or 1 (n=444) KL=2 (n=231) KL=3 or 4 (n=92) KL=3or4vs KL=0or 1 KL=3 or 4 vs KL=2
SF-8
PCS Crude 48103 471£04 447407 —3.3(=52, -1.5) —2.3(-4.3,-04)
Adjusted 478403 474%04 455£07 —2.3 (~42, ~0.5) -1.9(-3.9,0.0)
MCS Crude 528402 53703 553405 25(1.1,3.9) 1.6 (0.1,3.1)
Adjusted 529403 537404 552406 2.3(0.8,3.8) 1.5 (—0.02, 3.1)
EQ-5D Crude 0.92+0.01 0.91 £0.01 0.87 £0.01 ~0.06 (~0.10, —0.02) ~0.04 (~0.08, 0.00)
Adjusted 0.9240.01 0.91£0.01 0.8940.01 —0.03 (-0.07, 0.01) —0.03 (-0.07, 0.01)
WOMAC ;
Pain Crude 0.92+0.10 1.13£0.14 2114022 1.19 (0.61, 1.76) 0.97 (0.36, 1.59)
Adjusted 1.03+£0.10 1.02£0.14 1754022 0.72 (0.14, 1.30) 0.73 (0.12, 1.34)
Stiffness Crude 0.57+0.05 0.65 +0.07 0.91£0.11 0.34 (0.05, 0.64) 0.26 (0.05, 0.58)
Adjusted 0.60£0.05 0.61+0.07 0.80:0.12 0.20 (~0.10, 0.50) 0.19 (0.13, 0.51)
Function Crude 2834033 3.384+0.46 6.08+0.73 3.24(1.36,5.12) 2.70 (0.67, 4.73)
Adjusted 3314032 2884045 466+0.72 1.35 (~0.53, 3.23) 1.77 (~0.19, 3.74)

Values are mean = standard error (SE). SF-8, Medical Outcomes Study Short Form-8.

Adjusted differences in means were calculated by Tukey HSD test after adjustment for age, BMI and grip strength.

significantly lower in subjects with symptomatic knee OA
compared with those without KL=3 or 4 knee OA (difference in
mean —0.08, 95% C1 —-0.13 to —0.02) as well as KL =3 or 4 knee OA
without pain in men (difference in mean —0.08, 95% CI —0.15 to
—0.01), but not in women.

Next, to examine the independent association of symptomatic
knee OA and grip strength on QOL, multiple regression analysis was
used with age, BMI, grip strength, and the presence of symptomatic
knee OA as independent variables (Table IV). In men and women,
symptomatic knee OA and grip strength were independently
associated with PCS of the SF-8 (R% 0.11 and 0.17, respectively),
EQ-5D utility scores (R%, 0.08 and 0.12, respectively), and pain
(R%, 012 and 0.16, respectively), stiffness (R?, 0.06 and 0.09,
respectively) and physical function domains (R? 0.13 and 0.21,
respectively) of the WOMAC.

Discussion

This is the first study to examine the association of radiographic
and symptomatic knee OA with QOL measured by generic scales
such as the SF-8, which is an alternate form of the SF-36, and the
EQ-5D, as well as a disease-specific scale such as WOMAC in

Table 11
Mean scores of the SF-8, EQ-5D, and WOMAC scales by KL grade in women

Japanese men and women using a large-scale population-based
cohort study. In the present study, subjects with KL=3 or 4 had
significantly lower physical QOL than those with KL=0 or 1 as well
as KL = 2. At the same time, the MCS scores were higherin KL=3 or
4 than KL=0 or 1 in men and women. Furthermore, symptomatic
knee OA was significantly associated with lower physical QOL
compared with radiographic knee OA without pain. We further
clarified the independent associations with symptomatic knee OA
and grip strength. Symptomatic knee OA and grip strength were
independently associated with lower QOL.

In the present study, physical QOL was significantly lower in
subjects with KL=3 or 4 compared with KL=0 or 1 as well as
KL=2 in men and women. Samsa et al. reviewed the existing
literature and concluded that the Minimally Clinically Important
Difference (MCID) for the SF-36 is typically in the range of 3—5
points*?, implying that differences in SF-36 scores of 1—2 points are
not important, but differences in scores of 3 points or more are
clinically important. In this study, differences of PCS scores
between subjects with KL =3 or 4 and those with KL =0 or 1 were
3.4 and 4.6 in men and women, respectively. The differences were
similar to MCID thresholds, indicating that KL = 3 or 4 knee OA may
be clinically important for physical QOL. A previous study in China

Severity of knee OA

Difference in means (95% Cl)

KL=0or1(N=>541) KL=2 (N=526) KL=3 or 4 (N=292) KL=v3 or4vsKL=0or 1 KL=3or4vsKL=2
SF-8
PCS Crude 484+03 469403 438+04 —4.5(~5.7, ~3.4) -3.0(~-4.2, ~1.9)
Adjusted 47.1+03 474403 455+04 -1.6(-2.9, -0.3) -1.9(-3.1,-0.7)
MCS - Crude 52.1+03 52303 53.8+04 1.7 (0.7, 2.7) 1.4 (04, 1.5)
Adjusted 51.9+03 52.5+0.3 53.8+04 1.9(0.7,3.1) 1.3 (0.2, 2.4)
EQ-5D Crude 0.92 +0.01 0.89 +0.01 0.85+0.01 —0.07 (-0.09, —0.04) -0.04 (-0.07, —0.02)
Adjusted 0.894+0.01 0.91 4 0.01 0.89 £ 0.01 ~0.003 (-0.04, 0.03) —0.02 (~0.04, 0.01)
WOMAC
Pain Crude 0.96 +£0.11 1.45+0.10 2.62+0.15 " 1.65(1.23,2.08) 1.16 (0.74, 1.59)
Adjusted 1.45+0.11 1.19+0.11 1.99+0.15 0.53 (0.07, 1.00) 0.80 (0.38, 1.21)
Stiffness Crude 0.55+0.06 0.79 £ 0.06 1.14+0.08 0.59(0.37, 0.81) 0.35 (0.12, 0.57)
Adjusted 0.75 +£0.06 0.68 +£0.06 0.85+0.08 0.10 (-0.15, 0.34) 0.16 (0.06, 0.39)
Function Crude 2.41+0.34 4.54+0.35 8.32+047 5.91 (4.54, 7.28) 3.78 (2.40, 5.16)
Adjusted 4.37+£0.35 3.62+0.33 5.79+047 1.42 (-0.04, 2.88) 2.17 (0.85, 3.50)

Values are mean = SE. SF-8, Medical Outcomes Study Short Form-8.

Adjusted differences in means were calculated by Tukey HSD test after adjustment for age, BMI and grip strength.
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Fig.1. Mean scores and SE of the SF-8, EQ-5D, and WOMAC scales in men and women with symptomatic knee OA (N = 38 and 154, respectively), radiographic knee OA without pain
(N =53 and 140, respectively), and no radiographic knee OA (N =676 and 1065, respectively). Symptomatic knee OA was defined as KL =3 or 4 with knee pain, radiographic knee
OA without pain was defined as KL= 3 or 4 without knee pain, and no radiographic knee OA was defined as KL=0, 1 or 2.

also showed that subjects with severe knee OA had lower QOL than
those with mild knee OA™, although their subjects were recruited
from hospitals, so QOL parameters were not compared between
subjects with mild knee OA and those without knee OA. The
present study showed that there were no significant differences
between subjects with KL =2 and those with KL= 0 or 1. Consid-
ering the definitions of the KL grade, our findings may indicate that
osteophytosis and joint space narrowing, which are representative
features of knee OA, have a different impact on QOL. In other words,
osteophytosis may have a weak impact on QOL, whereas joint space
narrowing may have a strong impact.

Because QOL was shown to be strongly associated with pain, we
next compared the impact of radiographic knee OA with and
without pain on QOL. The present study showed that symptomatic
knee OA was significantly associated with lower physical QOL than
radiographic knee OA without pain. Differences in PCS scores
among subjects with symptomatic knee OA and those without
radiographic knee OA without pain were 6.6 and 6.5 in men and
women, respectively. The differences were higher than the MCID;
thus, symptomatic knee OA is considered clinically important for
physical QOL. In addition, there were no significant differences in
physical QOL between subjects with radiographic knee OA without
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pain and those without radiographic knee OA. This finding indi-
cates that loss of physical QOL was more strongly associated with
symptoms such as pain due to radiographic knee OA rather than
radiographic changes of the knee itself. In other words, QOL may
improve when pain is relieved by medical care, even if subjects
have radiographic knee OA.

As measured by MCS of the SF-8, knee OA was associated with
higher QOL scores in men and women, although it was also assaci-
ated with lower PCS. Past studies also showed the dissociation
between PCS and MCS in knee OA*3. Several factors may contribute
to this phenomenon. First, the MCS questions within the SF-8 include
generic questions about energy levels, feelings of being “down-
hearted and blue,” and interference in daily activities as a result of
emotional problems. These questions are less sensitive to the pres-
ence of mental health issues than disease-specific scales such as the
Kessler psychological distress scale*%. In fact, psychological distress
has been shown to be significantly more frequent in those with
arthritis than those without it, although scores on the MCS were not
significantly different between these two groups®. Second, the
dissociation may be due to a disability paradox*®, which suggests
that people with chronic disabilities report serious limitations in
activities of daily living and problems in performing social roles, yet
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EQ-5D

WOMAC

Pain Stiffness Function

-0.10 (-0.14, -0.05) 2.46 (1.78,3.13)

-0.08(-0.12,-0.03) 2.18 (1.51,2.86)

—0.02 (—0.08, 0.03) 0.003 (0.001, 0.004) —0.04 (~0.06, —0.02) —0.01 (~0.02, 0.00)

—0.07 (-0.10, —-0.05)

~0.03 (~0.06, ~0.01)

0.004 (0.003, 0.006) —0.04 (~0.07, ~0.02) ~0.01 (~0.03, 0.00)

0.83 (0.48, 1.18) 6.19 (3.95, 8.42)

0.75 (0.39, 1.10) 4.88 (2.67, 7.10)

—0.03 (~0.07,0.01) 0.003 (0.002, 0.004) —0.06 (~0.07, —0.04) —0.02 (—0.03, ~0.01) —0.23 (~0.28, —0.17)

~0.19 (~0.26, —0.12)

2.05 (1.64, 2.47) 0.80 (0.59, 1.02) 6.74 (5.40, 8.08)

1.44 (1.02, 1.85) 0.51 (0.29, 0.74) 3.97 (2.68,5.27)

0.007 (0.006, 0.009) —0.11 (—0.13, ~0.08) —0.04 (~0.05, —0.03) —0.46 (—0.53, ~0.39)

—-0.21 (-0.30, ~0.13)
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Table IV
Correlations of symptomatic knee OA and grip strength with scores of the SF-8, EQ-5D, and WOMAC scales
SF-8
PCS MCS
Men
Symptomatic Crude regression  —6.64 (—8.82, —4.46) 2.49(0.77,4.21)
knee OA coefficient
(N=38) Adjusted regression —6.00 (—8.17, —3.81) 2.10 (0.33, 3.88)
coefficient
Grip strength Crude regression 0.20 (0.15, 0.25)
coefficient
Adjusted regression 0.19 (0.12, 0.26)
coefficient
Women
Symptomatic Crude regression  —6.29 (—7.42, —-5.16) 2.66 (1.64, 3.69)
knee OA coefficient
(N=154) Adjusted regression —4.36 (~5.52, =3.21) 2.52 (1.43, 3.61)
coefficient
Grip strength Crude regression 0.34 (0.28, 0.41) 0.06 (0.01, 0.12)
coefficient
Adjusted regression  0.20 (0.13, 0.27) 0.08 (0.01, 0.15)
coefficient

Adjusted regression coefficient is calculated by multiple regression analysis with age, BMI, grip strength, and the presence of symptomatic knee OA as independent variables.

SF-8, Medical Outcomes Study Short Form-8.

state that they have excellent or good QOL. Many subjects with knee
OA had knee pain, which may lead to functional impairment.
Particularly in elderly individuals, pain or functional impairment
may be considered a natural consequence of being elderly. Knee OA
was thus not associated with lower scores for MCS in the SF-8.

In the present study, grip strength was independently associ-
ated with QOL measured by almost all domains of the three scales.
Previous reports showed that low muscle mass was associated with
reduced QOL?233, There is increasing recognition that grip strength
is a useful clinical marker of sarcopenia, and recent work has
validated this approach, demonstrating that grip strength is more
strongly associated with age and is a better predictor of poor
mobility than other potential markers such as calf muscle area®!,
The independent association of grip strength with QOL suggests
that QOL may improve with increase of muscle power in subjects
with symptomatic knee OA, although longitudinal studies will be
required to clarify this finding.

The present study showed that the association of radiographic
and symptomatic knee OA with QOL differed among the SF-8, the
WOMAC, and the EQ-5D. Radiographic and symptomatic knee OA
were significantly associated with physical QOL in men and
women, but not with EQ-5D utility scores. The reason for this
difference may be explained by the fact that in the EQ-5D, all five
domains are combined to analyze the association with knee OA,
whereas the PCS and MCS of the SF-8 are analyzed separately. In
fact, associations of knee OA differed between PCS and MCS of the
SF-8, so when all domains were combined, the results may differ.
For WOMAC, previous studies have found that WOMAC discrimi-~
nates better among individuals with knee OA, whereas the SF-36
discriminates better among individuals with varying levels of self-
reported general health status and comorbidities*’. In addition,
WOMAC was shown to be a more responsive measure than SF-36 in
documenting changes after surgery”'. Although our survey is not
strictly comparable in design, it would appear that in our Japanese
population, the PCS of the SF-8 and physical function domains of
the WOMAC are able to discriminate among individuals with knee
OA. It has been suggested that these two scales provide comple-
mentary information and may be useful in assessing both generic
and disease-specific aspects of OA. However, this was a cross-
sectional study, so the efficacy of these scales for knee OA in
a longitudinal analysis could not be clarified. In longitudinal
studies, generic measures such as the SF-8 may be much less useful
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than disease-specific measures such as the WOMAC because the
generic measures pick up a lot of “noise” from comorbidities and
may therefore be relatively unresponsive.

There are several limitations to the present study. First, this is
a large-scale, population-based study, with a cross-sectional study
of baseline data. Thus, causal relationships could not be determined.
The ROAD study is a longitudinal survey, so further progress may
help elucidate any causal relationships. Second, we did not include
other weight-bearing OAs, such as hip OA, in the analysis, although
this disorder may also affect QOL. However, the prevalence of KL =3
or 4 hip was 1.4% and 3.5% in Japanese men and women?$, respec-
tively, which was smaller compared with KL=3 or 4 knee in the
present study. Thus it is possible that hip OA would not strongly
affect the results in the present study. Third, among the 2995
subjects >40 years old in the ROAD study, 2126 subjects had
completed questionnaires for the SF-8, the EQ-5D, and the WOMAC,
for aresponse rate of 71.0%. Subjects who completed questionnaires
may have had better QOL than those who did not, so our results
regarding QOL may have represented overestimations of QOL.

In conclusion, the present cross-sectional study using a large-
scale population from the ROAD study revealed that KL =23 or 4 OA
was significantly associated with lower physical QOL scores,
whereas KL=2 OA was not. Symptomatic knee OA was more
strongly associated with QOL than radiographic knee OA without
pain. Further studies, along with continued longitudinal surveys in
the ROAD study, will help to elucidate the background of knee OA
and relations with QOL.
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Abstract

Background. Although radiographic severity of the knee is
commonly determined by the Kellgren-Lawrence (KL)
grading scale, it does not separately assess joint space narrow-
ing or osteophyte formation. The present study aimed to
establish normal and threshold values of radiographic param-
eters for knee osteoarthritis (OA) using the knee osteoarthri-
tis computer-aided diagnosis (KOACAD) measuring system
on a large-scale population-based cohort of the Research
on Osteoarthritis/Osteoporosis Against Disability (ROAD)
population.

Methods. From a total of 3040 participants in the ROAD
study, standing anteroposterior radiographs of the knee were
obtained from 2975 subjects (1041 men, 1934 women) in the
ROAD cohort, and 5950 knees were evaluated using the
KOACAD system to obtain the medial and lateral minimum
joint space width (mJSW), medial and lateral joint space area
(JSA), osteophyte area (OPA), and femorotibial angle (FTA).
These indices were compared with the KL scores, and cutoff
values for radiographic knee OA were determined by receiver
operating characteristic (ROC) curve analysis.

Results. The mean KOACAD parameters for KL = 0 were
as follows: medial mJSW 3.70 mm; lateral mJSW 4.77 mm,
medial JSA 125.0 mm? lateral JSA 140.0 mm?, OPA 0, and
FTA 176.1° in men; for women they were medial mJSW
3.26 mm, lateral mJSW 4.22 mm, medial JSA 100.9 mm?
lateral JSA 111.0 mm? OPA 0, and FTA 174.9°. Threshold
values for KL = 2 provided by ROC curve analysis with area
under the curve (AUC) > 0.7 were medial mJSW 2.8 mm and
medial JSA 107.3 mm’® in men and medial mJSW 2.7 mm in
women. Those for KL > 3 were medial mJSW 2.1 mm, medial
JSA 81.1 mm®, OPA 2.4 mm? and FTA 179.6° in men; and
medial mJSW 2.1 mm, medial JSA 66.6 mm?, OPA 2.5 mm?
and FTA 178.1° in women. We then determined the cutoff
values for medial knee OA and lateral knee OA.

Offprint requests to: N. Yoshimura
Received: January 28,2010 / Accepted: August 10, 2010
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Conclusions. The present study established normal and
threshold values of parameters for knee OA using an auto-
mated computer-assisted program on plain radiographs.

Introduction

Osteoarthritis (OA) is a major public health problem
among the elderly that affects activities of daily living
(ADL) and quality of life (QOL), leading to increased
morbidity and mortality. According to the recent
National Livelihood Survey by the Ministry of Health,
Labor, and Welfare in Japan, OA is ranked first and
fourth among the diseases that cause disabilities requir-
ing support and long-term care, respectively.'

Given the increasing proportion of the elderly among
the Japanese population, a comprehensive, evidence-
based prevention strategy for OA is urgently needed.
However, few indices have been identified that can
predict the future occurrence and progression of OA.
Risk factors for knee OA are known to include age,
heavy weight, previous knee injury, and history of work
involving overloading the knees.”

One of the reasons for the scarcity of epidemiological
studies on OA might be the diagnostic criteria. Most
cases of OA are radiographically determined based on
a rating of grade 2 or more on the Kellgren-Lawrence
(KL) grading scale.’” The KL scale is the most conven-
tional grading system for determining the radiographic
severity of knee OA, but this categorical scale does not
assess joint space narrowing or osteophyte formation
separately. Accumulating evidence has shown that
osteophytosis and joint space narrowing display distinct
etiological mechanisms, and their progression is neither
constant nor proportional.*® When examining factors
associated with knee OA, these two features should
thus be assessed separately. In addition, other indices
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of knee OA on plain radiographs, such as the femoro-
tibial angle (FTA) and joint space area, should be deter-
mined for evaluation of the severity of knee OA.
However, reference values of these indices have yet to
be established for a general population.

In the present study, we obtained values for medial and
lateral minimum joint space width (mJSW), medial and
lateral joint space area (JSA), osteophyte area (OPA),
and FTA using the knee osteoarthritis computer-
aided diagnosis (KOACAD) measuring system, which
we developed and reported elsewhere.” We used it in a
large-scale population-based cohort study called the
Research on Osteoarthritis/Osteoporosis Against Disabil-
ity (ROAD)"! to establish normal reference and thresh-
old values of radiographic parameters for knee OA.

Participants and methods

Participants

Reference values were obtained based on the results of
measurements from the participants of the ROAD
study, a nationwide prospective study comprising
population-based cohorts established in several com-
munities in Japan. Recruitment methods for this study
have been described in detail elsewhere.*"” To date, we
have completed creation of a baseline database that
includes clinical and genetic information of 3040
inhabitants (1061 men, 1979 women) in the age range
of 23-95 years (mean 70.6 years), recruited from resi-
dent registrations in three communities. All participants
provided written informed consent, and the study was
conducted with the approval of the ethics committees
of the participating institutions.

In the present study, from among a total cohort of 3040
participants, 2975 individuals (1041 men, 1934 women)
with knee radiographs that could be evaluated by the
KOACAD system were selected as subjects for analysis.
Among 65 dropouts in the present analysis, 29 underwent
total knee arthroplasty (TKA), and 1 had unilateral knee
arthroplasty (UKA). The radiographic conditions for the
remaining 35 subjects were insufficient for automated
analysis due to severe flexion contracture, so we excluded
them from the overall analysis.

A summary of the characteristics of subjects are
shown in Table 1. No significant differences in baseline
characteristics were seen between the 3040 participants
in the whole cohort and the 2975 subjects in the present
analysis.

Radiographic assessment

All participants underwent radiographic examination of
both knees using an anteroposterior (AP) view with
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Table 1. Summary characteristics of participants

Characteristic Men Women
No. of participants 1041 1934

Age (yrs) 71.0 (10.7) 69.8 (11.3)
Height (cm) 162.5 (6.7) 149.8 (6.5)
Weight (kg) 61.3 (10.0) 51.5 (8.6)
Body mass index (kg/m®) 23.2 (3.0) 22.9 (3.5)
Current smokers 25.7% 3.5%
Current drinkers 64.2% 25.9%

Results are the mean (SD) unless otherwise specified

weight-bearing and foot-map positioning. Fluoroscopic
guidance with a horizontal AP X-ray beam was used to
visualize the joint space properly, and images were
downloaded into digital imaging and communication in
medicine (DICOM) format files. The KOACAD system
has been described in detail elsewhere’ and is only
briefly summarized here. The KOACAD was pro-
grammed to measure mJSW and JSA in the medial and
lateral compartments, OPA at the medial tibia, and
FTA using digitized knee radiographs. Initially, correc-
tion for radiographic magnification was performed
based on the image size of a rectangular metal plate.

Next, to determine the region of interest (ROI)
including the tibiofemoral joint space, a vertical neigh-
borhood difference filter was applied to identify points
with high absolute values for difference of scales. The
center of all points was then calculated, and the ROI
was chosen. Within the ROI, the outline of the femoral
condyle was designated as the upper rim of the joint
space. The two ends were determined, and vertical lines
from the ends were designated as the outside rims of
the joint space. Outlines of anterior and posterior
margins of the tibial plateau were drawn similarly to
that of the femoral condyle, and the middle line between
the two outlines was designated as the lower rim of the
joint space (Fig. 1A). A straight regression line for the
lower rim outline was then drawn, and the intersections
of the lower rim outline and the regression line were
designated as the inside rims.

Medial and lateral JSAs were determined as areas
surrounded by the upper, lower, inside, and outside
rims, as defined above. Medial and lateral mJSWs were
further determined as the minimum vertical distances
in the respective JSA (Fig. 1B).

To measure the osteophyte area and FTA, medial
and lateral outlines of the femur and tibia were drawn.
Inflection points for these outlines were then calculated.
The medial outline of the tibia from the inflection point
was drawn upward to the joint level, and the area that
was medially prominent over the smoothly extended
outline was designated the osteophyte area (Fig. 1C).

For FTA, a middle line between the medial and
lateral outlines of the femur from the top of the image
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Fig. 1. Schema of image processing by the knee osteoarthritis
computer-aided diagnosis (KOACAD) measuring system. A
Outlines of anterior and posterior margins of the tibial plateau.
The middle line between these two outlines represents the
lower rim of the joint space. B Medial and lateral minimum
joint space widths (mJSWs) as minimum vertical distances in

to the inflection points was drawn, and the straight
regression line was determined as the axis of the femur.
Similarly, the straight 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
between the two axis lines was calculated as the FTA
(Fig. 1D).

This system can thus quantify the major features of
knee OA on standard radiographs. Moreover, it allows
objective, accurate, simple, easy assessment of the struc-
tural severity of knee OA without any manual opera-
tion in general clinical practice.

The severity of OA was radiographically determined
according to the KL grading scale as follows’: KLO,
normal joint; K1, slight osteophytes; KL2, definite
osteophytes; KL3, disc-space narrowing and large
osteophytes; and KIL4, bone sclerosis, joint space nar-
rowing, and large osteophytes. In the ROAD study,
joints that exhibited only joint space narrowing and no
large osteophytes were graded as KL3. All radiographs
were examined by a single, experienced orthopedic
surgeon {S.M.) who was blinded to the clinical status of
the participants.

Establishment of normal values and threshold values
for parameters for knee OA

Each index determined using the KOACAD system —
medial mJSW, lateral mJSW, medial JSA, lateral JSA,
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joint space areas (JSAs). C Osteophyte area (area surrounded
by white lines) determined as the medial prominence over the
smoothly extended outline of the tibia. D Tibiofemoral angle
as the lateral angle between straight regression lines (black
lines) of the middle lines above in the femur and tibia. (From
Oka et al.’, with permission)

OPA, FTA — was compared with KL scores. First, we
established normal values of these parameters using
mean values for knees with KL grade 0. Cutoff values
for radiographic knee OA for KL =2 2 and KL > 3 were
then determined using receiver operating characteristic
(ROC) curve analysis. The present study adopted cutoff
points that maximized the area under the ROC curve
(AUC) as threshold values. Threshold values were
determined for total OA including medial and lateral
OA, and then separate threshold values were deter-
mined for medial and lateral OA. Although parameters
for medial OA could be obtained separately for each
sex, those for lateral OA were evaluated for the com-
bined number of men and women, given the small
number of cases with lateral OA.

Statistical analysis

All statistical analyses were performed using STATA
statistical software (STATA, College Station, TX,
USA). First, the Kolmogrov-Smirnov Lilliefors test was
used to evaluate the normality of distribution of each
variable. All parameters were confirmed to fit normal
distributions (P values after Kolmogrov-Smirnov Lil-
liefors test: medial mJSW 0.40; lateral mJSW 0.6; medial
JSA 0.37; lateral JSA 0.76; OPA 0.10; FTA 0.49). Dif-
ferences in values of the parameters were tested for
significance using analysis of variance (ANOVA) for
comparisons among multiple groups. Trends of values
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Table 2. Various parameters classified by age and sex

H. Oka et al.: KOACAD reference values for knee OA

Age strata  No.of Medial mJSW  Lateral mJSW Medial JSA Lateral JSA OPA (mm?) FTA (°)

(years) knees (mm) (mm) (mm?) (mm?)

Men
<40 28 412 (0.92) 4.91 (1.22) 141.6 (27.3) 153.2 (30.1) 0 176.5 (2.2)
40-49 82  3.67 (0.75) 5.06 (1.10) 132.9 (27.9) 156.2 (34.4) 0.40 (1.98) 177.5 (2.4)
50-59 214 3.63(0.75) 4.88 (1.06) 124.1 (26.9) 148.5 (33.1) 0.30 (1.51) 176.5 (3.2)
60-69 334 3.37(0.93)" 4.59 (0.96)™ 113.9 (28.4)™  138.9 (28.8)™ 0.96 (3.60) 177.0 (3.0)
70-79 1052 3.13 (0.96)™°  4.40 (1.02) 102.5 (26.7)™¢ 1257 (30.3)™¢  1.35 (4.68)° 177.1 (3.3)
80+ 372 2.94 (0.98y™¢ 4.2 (0.87)™ 972 (27.4)™¢ © 121.3 (28.0)"™  1.31 (4.06) 177.0 (4.0)
Total 2082 3.22 (0.96) 4.48 (1.02) 107.3 (29.0) 130.6 (31.7) 1.12 (4.07) 177.0 (3.3)

Women
<40 62 3.37 (0.61) 431 (1.23) 106.3 (24.0) 116.8 (32.6) 0.18 (1.25) 175.6 (3.0)
4049 210 3.22(0.64) 436 (1.01) 104.0 (22.2) 116.9 (25.8) 0.46 (2.09) 175.5 (2.7)
50-59 418 3.03 (0.78) 4.23 (1.15) 97.5 (26.2) 112.3 (28.3) 0.96 (2.87) 175.8 (4.0)
60-69 762 2.80 (0.98)™ 4,03 (1.09)° 80.8 (28.7)"™  106.6 (28.7)™ 2.33 (6.39) 176.4 (3.8)
70-79 1764 252 (0.92)™¢  3.87 (1.00)* 79.5 (26.3) 994 (26.8)™¢  4.60 (11.2)™ 176.9 (4.2)™
80+ 652 2.32(0.95)™%  3.80 (1.08)" 774 (26.9™¢  97.9 (28.0)™ 639 (12.70)™%  177.1 (4.6)™
Total 3868 265 (0.95) 3.96 (1.07)* 84.9 (28.0)* 103.2 (28.2)* 3.76 (9.87) 176.6 (4.1)*

Results are the mean (SD)

mJSW, minimal joint space width; JSA, joint space area; OPA, osteophyte area; FTA, femoro-tibial angle; KL grade: Kellgren-Lawrence grade

*Significantly different from those of the group <40 years (P < 0.05)
®Significantly different from those of the group in their 40s (P < 0.05)
“Significantly different from those of the group in their 50s (P < 0.05)
“Significantly different from those of the group in their 60s (P < 0.05)
¢ Significantly different from those of the group in their 70s (P < 0.05)
*Significantly different from those of men (P < 0.001)

according to the KL grade were tested using the
Jonckheere-Terpstra trend test. Scheffe’s least signifi-
cant difference test was then used for pairs of groups.

Results

The mean values for mJSW, JSA, OPA, and FTA, clas-
sified by sex, are shown in Table 2. The values for
medial and lateral mJSW, medial and lateral JSA, OPA,
and FTA all differed significantly between the sexes
(P < 0.001). The mean values for medial mJSW, JSA,
and FTA were significantly greater in men than in
women (P < 0.001). By contrast, the OPA values in both
knees were significantly lower in men than in women
(P < 0.001).

The mean values for mJSW, JSA, OPA, and FTA
classified by age are also shown in Table 2. The medial
mJSW for men in their sixties was significantly smaller
than that for men <40 years; and that for men 270 years
was significantly smaller than that of men <70 years
(P <0.05). Lateral mJSW for subjects in their sixties and
seventies was significantly smaller than that for subjects
in their forties and fifties (P < 0.05). Medial JSA for
subjects in their sixties was significantly smaller than
that for subjects <60 years old (P < 0.05); and that for
subjects 270 years was significantly smaller than that for
subjects <70 years (P < 0.05). Lateral JSA for subjects
in their sixties was significantly smaller than that for
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subjects in their forties and fifties (P < 0.05); and that
for subjects =70 years was significantly smaller than that
for subjects <70 years (P < 0.05). No significant differ-
ences in OPA or FTA were seen according to age in
men except for OPA in subjects between their fifties
and seventies. In women, the medial mJSW for subjects
in their sixties was significantly smaller than that for
subjects <60 years (P <0.05); that for women in their
seventies was significantly smaller than that for subjects
<70 years (P < 0.05); and that for women >80 years was
significantly smaller than that of subjects <80 years
(P <0.05). The lateral mJSW for subjects in their sixties
was significantly smaller than that for subjects in their
forties (P < 0.05); that for subjects in their seventies was
significantly smaller than that for subjects in their
forties, fifties, and sixties (P < 0.05); and that for subjects
280 years was significantly smaller than that for subjects
<70 years (P < 0.05). The medial JSA and lateral JSA
showed trends with age similar to those of men.
However, the mean OPA was significantly larger in
women >70 years than in younger women (P < 0.05),
and the FTA was significantly larger for subjects
270 years than for women in their forties and fifties
(P < 0.05).

Table 3 shows mean values for mJSW, JSA, OPA,
and FTA classified by KL grade. All values increased
significantly according to the severity of the KL grade
(P for trends < 0.0001). Regarding differences in the
above-mentioned indices, values for medial mJSW and
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Table 3. Various parameters classified by Kellgren-Lawrence grade

KL Proportion = Medial mJSW  Lateral mJSW  Medial JSA Lateral JSA OPA (mm?) FTA (°)

grade of knees (%) (mm) (mm) (mm?) (mm?)

Men
KLO 244 3.70 (0.77) 4.77 (1.01) 125.0 (27.1) 140.0 (33.6) 0 176.1 (2.6)
KL1 384 3.40 (0.76)" 450 (0.93)°  109.8 (23.5)* 1289 (29.0)*  0.48 (2.24) 176.6 (2.7)
KL2 285 3.02 (0.78)™ 4.38 (1.02) 99.3 (22.5)® 1251 (29.8)"  1.08 (3.25)® 1775 3.1)®
KL3 6.3 2.10 (1.00)™ 4.06 (1.40)*™  84.1 (31.3)™  120.5(382)" 537 (8.70)™  178.1 (4.5)®
KL4 24 0.79 (0.84)™¢  4.04 (1.12)* 44.7 (32.7)™9 1373 (39.5)  12.05 (10.36)™  184.2 (6.2)™
Total 100.0 3.22 (0.96) 4.48 (1.02) 107.3 (29.1) 130.8 (31.8) 1.12 (4.08) 177.0 (3.3)

‘Women
KLO 13.9 3.26 (0.65) 4.22 (1.08) 100.9 (23.7) 111.0 (29.4) 0 174.9 (2.9)
KL1 30.6 2.95 (0.73)° 3.95 (0.99)* 89.7 (24.3)* 1013 (26.0)*  0.68 (2.26) 175.6 (3.0)°
K12 38.3 2.66 (0.73)™ 3.93 (0.96)" 845 (23.5)® 1003 (25.5)°  3.39 (6.67)™ 176.6 (3.3)™
KL3 13.1 1.85 (0.92)* 3.91 (1.20)° 733 (27.4)™ 1065 (30.2)™ 11.15 (17.54)™  178.7 (4.8)™*
KL4 4.1 0.67 (1.02)™¢  3.83 (1.68)* 34.6 (34.8)™¢ 1121 (43.7)™  19.70 (20.65)™¢ 183.8 (7.1)™
Total 100.0 2.65 (0.94) 3.97 (1.06)* 84.9 (27.9)% 1034 (28.1)*  3.76 (9.90) 176.6 (4.1)*

Results are the mean (SD)

*Significantly different from those of KLO (P < 0.05)
® Significantly different from those of KL1 (P < 0.05)
¢ Significantly different from those of KL2 (P < 0.05)
4Significantly different from those of K13 (P < 0.05)
*Significantly different from those of men (P < 0.05)

medial JSA in both sexes tended to be smaller with
increasing KL grade (p < 0.05). Values for OPA and
FTA in both sexes were significantly larger in the KL
2-4 group than in the KL 0-1 group (P < 0.05). Age
differences in values of lateral mJSW and JSA were
smaller than those for medial mJSW and JSA.

We performed ROC curve analysis to identify thresh-
old values of these indices to determine the knee OA
defined by KL = 2 and KL > 3. ROC curve analysis
provided threshold values of KL 22 and KL = 3 in OA
parameters for the two knees (Table 4). Threshold
values of KOACAD parameters for KL = 2 with AUC
> 0.7 were medial mJSW 2.8 mm and medial JSA
107.3 mm’ in men and medial mJSW 2.7 mm in women.
Those for KL = 3 were medial mJSW 2.1 mm, medial
JSA 81.1 mm? OPA 2.4 mm? and FTA 179.6° in men;
and they were medial mJSW 2.1 mm, medial JSA
66.6 mm?, OPA 2.5 mm? and FTA 178.1° in women. In
contrast, the AUC of the lateral mJSW and lateral JSA
for KL =2 and KL 2 3 in OA parameters was near 0.5,
meaning that the capacity of these parameters to distin-
guish diseased knees from normal knees was low.

In addition, we provided threshold values for param-
eters for both the medial and lateral knee OA using
ROC curve analysis (Table 4). Medial OA comprised
97.8% of total OA cases, with the lateral type making
up the remaining 2.2%. Although most threshold values
for medial OA were similar to those for total QOA, the
AUC values for parameters of medial OA (e.g., medial
mJSW, medial JSA) were higher than for total OA. In
contrast, for lateral OA, the AUC values for lateral
mJSW and lateral JSA for KL 2 2 and KL > 3 in OA
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parameters were higher than those for total OA, which
were near 0.99, meaning that the capacity of these
parameters to distinguish disease states from the normal
population was high.

Discussion

We have reported elsewhere the automated computer-
assisted program KOACAD, which can accurately
measure values of mJSW, JSA, OPA, and FTA In the
previous report,’ we clarified that KOACAD allows accu-
rate, easy assessment of the structural severity of knee OA
without any manual operation. The present study applied
this system to baseline data from the ROAD study, obtain-
ing normal and threshold values of the above-mentioned
indices for objective diagnosis of knee OA.

In the present study, we first established normal
values for mJSW, JSA, OPA, and FTA using mean
values of these parameters for knees with KL grade 0.
The mean values were medial mJSW 3.70 mm, lateral
mJSW 4.77 mm, medial JSA 125.0 mm? lateral JSA
140.0 mm?, OPA 0, and FTA 176.1° in men; and medial
mJSW 3.26 mm, lateral mJSW 4.22 mm, medial JSA
100.9 mm?, lateral JSA 111.0 mm? OPA 0, and FTA
174.9° in women. All these indices except OPA were
significantly lower in women than in men, suggesting
that the values are influenced by differences in stature.
We concluded that normal and threshold values for
knee OA should be established for each sex.

The JSW has been recommended as a candidate
index for progression of knee OA,” but few data
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Table 4. Threshold values of various parameters, by Kellgren-Lawrence grades 2 and 3

Parameter Threshold value AUC Sensitivity Specificity (%)
Total
KL=z2
Men
Medial mJSW (mm) 2.8 0.726 584 76.8
Lateral mJSW(mm) 43 0.566 523 59.0
Medial JSA (mm?) 107.3 0.715 71.0 60.3
Lateral JSA (mm?) 115.5 0.551 39.5 68.2
OPA (mm?) 1.0 0.599 239 ‘ 95.5
FTA (°) 178.5 0.633 427 79.3
Women
Medial mJSW (mm) 2.7 0.730 63.7 72.5
Lateral mJSW(mm) 43 0.521 66.4 38.5
Medial JSA (mmz) 85.9 0.654 64.5 59.9
Lateral JSA (mm®) 79.2 0.509 19.8 83.4
OPA (mm?) 1.0 0.691 44.3 92.4
FTA (°) 177.4 0.664 48.6 77.0
KL=23
Men
Medial mISW (mm) 2.1 0.875 73.6 92.1
Lateral mJSW(mm) 43 0.608 65.2 54.3
Medial JSA (mm?) 81.1 0.800 584 88.9
Lateral JSA (mm?) 135.7 0.522 50.0 60.1
OPA (mm?) 24 0.739 52.8 93.5
FTA (°) 179.6 0.702 52.5 85.5
Women
Medial mJSW (mm) 2.1 0.842 65.3 92.0
Lateral mJSW(mm) 2.5 0.507 157 93.0
Medial JSA (mmz) 60.6 0.717 48.7 83.2
Lateral JSA (mm®) 116.4 0.562 38.8 73.0
OPA (mm?) 2.5 0.768 66.1 822
FTA (°) 178.1 0.744 64.6 76.3
Medial OA
KL =22
Men
Medial mJSW (mm) 2.8 0.728 58.5 76.8
Lateral mJSW(mm) 4.3 0.560 517 59.0
Medial JSA (mm’) 107.3 0.717 71.3 60.3
Lateral JSA (mm®) 1155 0.545 38.8 68.2
OPA (mm?) 12 0.599 23.9 95.5
FTA () 1785 0.639 432 79.3
‘Women
Medial mJSW (mm) 2.7 0.732 63.9 72.5
Lateral mJSW(mm) 5.4 0.505 92.9 10.9
Medial JSA (mmz) 85.9 0.655 64.7 59.9
Lateral JSA (mm?) 97.9 0.505 56.1 46.3
OPA (mm?) 1.0 0.693 447 2.4
FTA (°) 1774 0.677 49.9 77.0
KL =23
Men :
Medial mJSW (mm) 2.1 0.888 76.3 90.4
Lateral mJSW(mm) 43 0.598 64.2 54.4
Medial JSA (mm?) 81.1 0.809 59.0 89.0
Lateral JSA (mm?) 135.3 0.536 52.6 59.7
OPA (mm?) 2.4 0.741 53.2 93.4
FTA (°) 179.6 0.719 54.0 85.5
Women ‘
Medial mJSW (mm) 2.1 0.854 66.6 92.2
Lateral mJ SW(mm) 4.6 0.512 29.7 75.8
Medial JSA (mm) 66.6 0.727 49.4 83.4
Lateral JSA (mm®) 116.5 0.587 40.8 72.8
OPA (mm?) 2.5 0.774 67.3 82.1
FTA (°) 178.1 0.771 67.9 76.0
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Table 4. Continued
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Parameter Threshold value AUC Sensitivity Specificity (96)
Lateral OA
KL 22
Men and women
Medial mJSW (mm) 2.1 0.683 43.1 92.4
Lateral mJSW(mm) 22 0.995 100.0 98.1
Medial JSA (mm?) 75.7 0.664 50.0 84.2
Lateral JSA (mm?) 69.7 0.990 100.0 954
OPA (mm?) 1.2 0.626 30.6 93.8
FTA (°) 1733 0.795 65.3 81.5
KL >3
Men and women
Medial mJSW (mm) 2.1 0.680 46.0 92.0
Lateral mJSW(mm) 22 0.992 100.0 97.0
Medial JSA (mm?) 75.1 0.638 48.7 84.5
Lateral JSA (mm®) 69.1 0.987 100.0 95.6
OPA (mm?) 4.8 0.706 432 96.5
FTA (°) 1733 0.805 64.9 80.8

AUC, area under the curve

regarding normal values have been accumulated.”
Gensburger et al. showed that the mean medial and
lateral JSW in women were 5.1 mm and 6.0 mm, respec-
tively,” suggesting that those values in Caucasian popu-
lations may be larger than our results in women; no
normal values for men were available. In addition,
although evaluations of knee alignment are known to
be useful for diagnosing arthritic conditions affecting
the knee joint and also serve as a guide for conservative
management and surgical planning,'*"’ few reports have
shown normal values of FTA along with JSA and OPA.

Koshino measured the FTA of 85 knees in men and
97 knees in women aged 25-35 years and reported
normal FTA values of 178° in men and 176° in women.'®
These results seem broadly consistent with our results,
although no sex differences were apparent in our study,
with values of 176° for both men and women. In any
case, this represents the first report of reference values
for the above-mentioned parameters using a population-
based cohort. The results may thus be useful for
diagnosing knee OA. Furthermore, by a longitudinal
follow-up of the present cohort, these parameters would
be expected to predict the progress of knee OA.

We then determined the threshold values for knee
OA using ROC curve analysis. In this analysis, we
regarded parameters with AUC > 0.7 as good indices
for features of knee OA according to a previous report.”
For KL = 2, threshold values of KOACAD parameters
with AUC > 0.7 were only the mJSW in men and women
and the medial JSA in men. AUCs > 0.7 on ROC curve
analysis means that the threshold of parameters might
show good capacity for accurate diagnosis of the disor-
der in question. In contrast, AUCs of threshold values
of parameters regarding the lateral region (i.e., KL 2 2;
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0.566 for lateral mJSW 4.3 mm, 0.551 for lateral JSA
115.5 mm?in men; 0.521 for lateral mJSW 4.3 mm, 0.509
for lateral JSA 79.2 mm’ in women) seem insufficient as
indicators for knee OA. In contrast, for KL = 3, OPA
and FTA seem to represent good predictors with satis-
factory AUCs. These results suggest that such param-
eters are more useful in severe knee OA than in mild
knee OA.

We also tried to determine threshold values for
medial knee OA and lateral knee OA. Because most
cases of knee OA were medial knee OA (97.8%), the
above-mentioned threshold values were considered
applicable for medial OA. Conversely, in the diagnosis
for lateral OA, for both KL > 2 and KL > 3, threshold
values for medial mJSW and medial JSA were no longer
parameters with good predictive capacity. By contrast,
AUCG: of threshold values for parameters of the lateral
region (KL = 2: 0.995 for lateral mJSW 2.2 mm, 0.990
for lateral JSA 69.7 mm?% KL > 3:0.992 for lateral mJSW
2.2 mm, 0.987 for lateral JSA 69.1 mm®) were prefera-
ble as good predictors. Similar to medial knee OA, for
KL = 3 the OPA and FTA seem to represent good pre-
dictors with satisfactory AUC. These results suggest
that parameters at the medial side are useful in medial
knee OA, and parameters at the lateral side are useful
in lateral knee OA. However, evaluation of lateral OA
was performed in only 65 participants (2.2%), so we
could not analyze data for men and women separately.
Regarding lateral OA and threshold KOACAD param-
eters, further investigation is warranted.

On the other hand, discrepancies between continuous
values obtained from the KOACAD system and cate-
gorical scales such as the KL scale might add to the
limitations of the KL grading scale. Most previous
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studies have been performed in patients with knee OA
defined by a KL score; but utilizing this categorical scale
at the diagnosis of OA seems to result in the loss of a
considerable amount of information, as the contribu-
tion of joint space narrowing and osteophytes is rela-
tively small. Even though these indices are linear and
constant in number, joint space narrowing is simply cat-
egorized as mild or severe and osteophytes as slight,
definite, or large. In addition, the optimal method for
handling joints with severe joint space narrowing but no
osteophyte formation is unclear.

One solution to such problems might be found in a
radiographic atlas of individual features published by
the Osteoarthritis Research Society International
(OARSI).” OARSI proposed a new grading scale in
which joint space narrowing and osteophyte formation
at the medial and lateral tibiofemoral compartments on
radiographs should be evaluated separately. Several
studies have evaluated the severity of joint space nar-
rowing and osteophytes in the osteoarthritic knee utiliz-
ing the OARSI scale,” although these studies did not
assess distinct features of knee OA such as joint space
narrowing, osteophyte formation, or joint angulation in
one sitting. To the best of our knowledge, no quantita-
tive assessment systems for osteophytes have been
described other than in the KOACAD,’ so the present
study is the first to assess threshold values for knee OA
in a population-based cohort.

Unlike categorical methods for grading the severity
of knee OA (e.g., KL or OARSI scales), KOACAD
enables measurement of independent parameters for
knee OA. We have already confirmed that low medial
mJSW and high FTA are associated with the presence
of knee pain, unlike lateral mJSW or an osteophyte
area.’” These accurate and continuous parameters
obtained by KOACAD might be candidates for predic-
tors of rapid progress from mild knee OA. These
parameters might also be helpful for assessing risk
factors for the occurrence of OA. We assumed that 25.3
million people (8.6 million men, 16.7 million women)
240 years would be affected by radiographic knee OA,
and 7.8 million people (2.2 million men, 5.6 million
women) 240 years would be affected by knee OA with
knee pain."” Preventive strategies for OA are certainly
in urgent demand. At the planning stage for the strate-
gies against knee OA, the provision of accurate, objec-
tive, quantitative indices to measure outcomes seems
highly important.

However, some limitation might apply to automated
systems for all knee OA. First, as we stated, the number
of cases with lateral knee OA was small for accurate
determination of thresholds. Second, with radiographs
of cases showing severe flexion contracture of the knee
(>20°), the KOACAD system failed to measure param-
eters automatically. However, the system includes a
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manual mode, and in such cases orthopedic specialists
can obtain values by manual measurement.

We believe this system may not only be useful for
objective evaluation of knee OA in daily clinical prac-
tice or population-based epidemiological studies, it also
acts as a proper surrogate measure for the development
of disease-modifying drugs for OA. We hope in the
future that this system will be applied worldwide to
develop international criteria and for the diagnosis and
treatment of knee OA.

Conclusion

We have established normal and threshold values of
parameters for knee OA using an automated computer-
assisted program, KOACAD, on plain radiographs.
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