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Abstract This longitudinal study aimed to identify risk
factors for the incidence and progression of radiographic
knee osteoarthritis (OA). We examined the inhabitants of
Miyagawa village aged >65 years every two years between
1997 and 2007. Anteroposterior radiographs of both knees
were graded for OA using the Kellgren-Lawrence (K/L)
grading system. Knee OA was defined as grade >2. We
recorded the incidence of knee OA among participants in
whom both knees changed from K/L grades 0 or 1 to >2
over a four-year follow-up period. We also recorded the
progression of knee OA using this threshold among patients
in whom one or both knees changed from K/L grades 2 or 3
to any higher grade over the follow-up period. Baseline
data obtained from standard questionnaires, physical find-
ings and X-rays included age, gender, body mass index
(BMI), osteoporosis, Heberden’s nodes, knee range of
motion (ROM), knee pain and cigarette smoking. The rates
of incidence and progression of knee OA among 360
participants (241 women, 119 men) who fulfilled the study
criteria were 4.0 and 6.0% per year, respectively. Female
gender (odds ratio [OR] 2.849, 95% confidence interval
[CI] 1.170-6.944) and high BMI (OR 1.243, 95% CI
1.095-1.411) were significantly associated with the inci-
dence of knee OA, and restricted knee ROM (OR 0.941,
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95% CI 0.892-0.992) was significantly associated with
knee OA progression. Patients with a low knee ROM
relative to grade of radiographic knee OA require more
careful follow-up than those with a higher ROM.

Introduction

Osteoarthritis (OA) of the knee is a major chronic disease
among the elderly and an important cause of impairment
and disability with associated health care costs [1].
Japanese society is rapidly aging and thus the incidence
of Japanese patients with knee OA is increasing. To
understand the risk factors affecting the incidence and
progression of OA is very important for prevention, and to
understand the ratio of affected individuals, the length of
time that knee OA takes to develop and its frequency is
imperative.

Several studies have described various risk factors and
their associations with the incidence of knee OA [2—4]. We
have also examined the prevalence and risk factors for knee
OA in a cross-sectional study [5]. However, cross-sectional
studies cannot address how risk factors affect the initiation
or progression of knee OA, so longitudinal studies are
needed to define effective prevention strategies. The risk
factors involved in the progression and incidence of knee
OA differ. For example, far more patients with, than
without, knee OA undergo total knee arthroplasty, and the
knee OA can remain stable over long periods or rapidly
progress [6, 7]. Conservative approaches such as pain
medication and injections into the joint are more useful for
low, than for high-grade (severe) knee OA. Severe knee OA
often requires a surgical approach such as total knee
arthroplasty. In order to prevent progression to severe knee
OA and initiation of the disease are equally important
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public health strategies. Indeed, six of 1,172 participants in
this study have already received total knee replacements.
Thus, to distinguish progressive and non-progressive knee
OA is important. However, few studies have attempted to
differentiate incidence from progression in a longitudinal
study [8—10]. We investigated risk factors for the incidence
and progression of radiographic knee osteoarthritis among
Japanese inhabitants of Miyagawa in a longitudinal study.

Materials and methods

The study participants were recruited from among inhab-
itants >65 years of age in Miyagawa, a mountain village
located in the centre of Mie Prefecture, Japan. The
population of this village was 4,196 in 1997, when 1,463
of residents met the age criterion. The population dropped
to 3,624 by 2008, at which time 1,544 individuals met the
age criterion. We examined those who enrolled in 1997,
1999, 2001, and 2003 every two years, and those who
enrolled during 2007, at Houtoku Hospital in the village.
The Committee for the Ethics of Human Research of Mie
University approved the study protocol, and all participants
provided written, informed consent before enrollment in the
study.

Baseline data obtained from standard questionnaires
administered by orthopedic surgeons included information
regarding age, gender, medical history, knee pain, and
cigarette smoking. Knee pain was determined from the
question, “Have you experienced knee pain lasting for over
one month during the past year?” Knee pain was estimated
as absent, one-sided or bilateral. The mean range of
movement (ROM) of both knees was measured using a
protractor. Height and weight were measured and then body
mass index (BMI) was calculated. Other medical examina-
tions comprised radiography of knees and hands (for
Heberden’s nodes) and bone mineral density (BMD). The
BMD at the distal third of the non-dominant side radius was
measured using dual energy X-ray absorptiometry (DCS-
600EX; Aloka, Tokyo, Japan). Osteoporosis was defined as
2.5 standard deviations (SD) of BMD lower than that of the
young adult mean (YAM) of a healthy young adult of the
same gender.

Fully extended anteroposterior (AP) radiographs of both
knees (non weight-bearing) were scored for radiographic
knee OA according to the Kellgren Lawrence (K/L) grading
system [11]. Confirmed radiographic knee OA was defined
as a K/L grade of >2. All knee radiographs were
independently evaluated by three orthopaedic specialists
and the final score was reached by consensus of two or
three of them, but the middle score was accepted when the
opinions of all three differed. A change in OA in both knees
from a K/L grade of 0 or 1 to >2 over a four-year follow-up
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period in individual patients was recorded as incidence. A
change in OA in one or both knees from K/L grades 2 or 3
at baseline to any higher grade over the follow-up period
using this threshold was recorded as progression.

We used the grade of the most affected knee at baseline
and follow-up to classify incidence and progression. Thus,
only one knee per individual was analysed and generalised
estimating equations were not required to account for
correlations between both knees of each individual.
Radiographically determined changes in either joint space
or osteophyte scores were also analysed to derive estimates
of incidence and progression. Individuals with rheumatoid
arthritis or who had undergone total knee replacement were
excluded. Rheumatoid arthritis was defined from answers
to the question, “Have you ever been diagnosed with
rheumatoid arthritis?” Ankylosing spondylitis was not
identified in any of the participants.

Statistical analysis Means + standard deviations (SD) were
calculated for variables unless otherwise noted. The risk of
incidence and progression was analysed from multivariate
logistic regression analysis. Variables included in the
analysis were age, gender, BMI, osteoporosis, Heberden’s
nodes, ROM of bilateral knees, and knee pain (one or both
knees). Results are summarised as odds ratios (OR) with
95% confidence intervals (CI). The significance level for
entry into the model was 0.05. All data were statistically
analysed using Stat View-J 5.0 software on a personal
computer running Windows.

Results

Six patients who had received total knee replacements were
excluded from among the 1,172 participants who attended
six examinations associated with this study. We identified
360 villagers who fulfilled the study criteria. The main
cause of exclusion was that many did not participate in the
examination four years later. The cohort comprised 241
women and 119 men ranging in age from 65 to 89 years at
baseline (overall mean age, 71.0+4.7 years; 70.8+4.5 and
71.3+5.1 years for women and men, respectively).

Table 1 shows the distribution of K/L grades for the most
affected knee at baseline and at the four-year follow-up of the
360 participants. The prevalence of knee OA (Grade 2 or
higher) increased from 27.5% (19.3% male, 31.5% female) to
43.3% (30.3% male, 49.8% female) over four years; that is,
4.0% of the cohort per year (2.7% male, 4.6% female)
developed knee OA. The progression rate of knee OA was 22
(23.9%) among 92 participants and 6.0% per year.

Table 2 shows relationships between each risk factor and
the incidence of knee OA. Baseline K/L grades of 0 or 1
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Table 1 Changes in radiographic

Kellgren-Lawrence grades of knee Evaluation 0 1 1I 11T v Total % of OA % of OA / year
osteoarthritis over four years in
360 participants All

Baseline 129 132 64 28 7 360 27.5

Follow-up 75 129 96 48 12 360 433 4.0

Male

Baseline 47 49 14 6 3 119 19.3

Follow-up 29 54 23 9 4 119 30.3 2.7
OA osteoarthritis Female
Analysis based on worst- Baseline 82 83 50 22 4 241 31.5
affected knee at baseline and Follow-up 46 75 73 39 8 241 49.8 46

follow-up

advanced to grade >2 in 57 of 261 participants (incidence
OA group). This group significantly differed from the
group without OA in terms of gender (p=0.0209; OR
2.849; 95% CI 1.170-6.944) and BMI (p=0.0008; OR
1.243; 95% CI 1.095-1.411).

Table 3 shows the relationship between each risk factor
and progressive knee OA. Among 92 participants with
baseline K/L grades 2 or 3, 22 of them advanced to a higher
grade (Progressive OA group). This and the groups with no
OA progression significantly differed in terms of knee
ROM (p=0.0242; OR, 0.941; 95% CI, 0.892—0.992). Knee
ROMs of <120° were identified in 7 (31.8%) of 22 and in 5
(7.1%) of 70 in the progressive and non-progressive OA
groups, respectively.

Discussion

The results of this longitudinal cohort study of the
inhabitants of Miyagawa showed that the rates of incidence
and progression of knee OA were 4.0 and 6.0% per year,
respectively. The risk of incidence of radiographic knee OA
significantly increased among women with a higher

baseline BMI. Risk for the progression of radiographically
defined knee OA significantly increased when baseline
knee ROM was lower.

The annual incidence rate of knee OA was 4.0% (2.7%
male, 4.6% female), which is higher than previously
reported. Zhang et al. [12] (Framingham study) found a
rate of 1.9% (1.4% male, 2.3% female) and Cooper et al.
[13] found a rate of 2.5%. We found that the rate of
progressive knee OA was 6.0%, which was also higher than
that reported by Zhang et al. [12] and Cooper et al. [13],
who reported rates of 3.6 and 3.7%, respectively. We
suppose that our results differed mainly because the age of
our study cohort at baseline was >65 years, whereas those
of Zhang et al. [12] and Cooper et al. [13] were >40 and
>55 years, respectively, which were relatively younger than
our cohort. Race and lifestyle factors also differ. In general,
our findings support the theory that advancing age increases
the prevalence of knee OA.

Risk factors for the incidence of knee OA in many
countries have been reported. They include obesity (high
BMI) [14, 15], gender (female) [14], aging [14, 16],
previous knee trauma [14], occupational kneeling or
squatting [15, 17] and a higher BMD [18-20]. Obesity

Table 2 Determinants of incidence of radiographic knee osteoarthritis in 261 participants during the four-year follow-up period

Demographic Incident OA (n=57) No OA (n=204) Odds ratio 95% CI1 P value
Age 70.8+20.4 70.5£21.9 1.021 0.953-1.094 0.5498
Gender (female/male) 44/13 121/83 2.849 1.170-6.944 0.0209
BMI 23.9+7.1 22.6+6.3 1.243 1.095-1.411 0.0008
Osteoporosis (+/-) 22/35 73/131 0.932 0.463-1.879 0.8447
Heberden’s nodes (+/-) 29/28 88/116 1.307 0.701-2.433 0.3993
Knee ROM 141.4+65.5 141.8+48.5 1.009 0.965-1.056 0.6823
Knee pain (—/+/++) 34/14/9 140/49/15 1.434 0.905-2.273 0.125
Cigarette smoking (+/-) 9/45 48/159 1.214 0.447-3.293 0.7036

Knee pain defined as: — absent, + one sided, ++ bilateral

OA osteoarthritis, CI confidence interval, BMI body mass index, ROM range of movement
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Table 3 Determinants of progression of radiographic knee osteoarthritis in 92 participants during the four-year follow-up period

Demographic Progressive OA (n=22) Non-progressive OA (n=70) Odds ratio 95% CI P value
Age 70.7+4.7 71.6+5.0 0.934 0.826-1.055 0.2706
Gender (female/male) 3/19 53/17 1.318 0.223-7.752 0.761
BMI 25.4+4.7 24.842.8 0.932 0.779-1.114 0.4372
Osteoporosis (+/—) 6/16 20/50 1.669 0.444-6.279 0.4485
Heberden’s nodes (+/-) 15/7 38/32 2.012 0.598-6.757 0.2588
Knee ROM 129.8+11.2 136.8+11.3 0.941 0.892-0.992 0.0242
Knee pain (—/+/++) 7/10/5 22/19/29 0.628 0.316-1.250 0.1851
Cigarette smoking (+/-) 2/20 11/59 0.732 0.087-6.151 0.7742

Knee pain defined as: — absent, + one sided, ++ bilateral

04 osteoarthritis, CI confidence interval, BMI body mass index, ROM range of movement

and previous knee trauma in Japan have also been
reported as risk factors [2, 21, 22]. Our previous cross-
sectional study [5] also found that a higher BMI, female
gender, more advanced age and a higher BMD were
significantly associated with an increased risk of radio-
graphic knee OA. This longitudinal study showed that
gender and obesity were risk factors for the incidence of
knee OA, whereas aging was not. Felson et al. [23] did
not find an association between increased age and the
incidence of OA, because their sample was elderly at
study inception. Our study found no association between
age and the incidence of knee OA. The incidence might
level off in the elderly.

Understanding the risk factors for the progression and
incidence of knee OA are equally important, because
treatment differs according to grade. Conservative treat-
ment (such as muscle-strengthening, supportive devices,
physical therapy agents, non-steroidal anti-inflammatory
drugs and intra-articular hyaluronic acid injections) are
useful for mild (low-grade) knee OA; however, severe
(high-grade) knee OA sometimes requires a surgical
approach such as total knee arthroplasty. The risk factors
for progressive knee OA reported by Felson et al. [§] are
obesity, not smoking and weight gain, whereas those
reported by Cooper et al. [13] are obesity, knee pain and
Heberden’s nodes. Felson et al. [5] reported that smoking
favourably affects rates of other diseases, such as
inflammatory bowel disease, and one of the many
constituents of smoke might inhibit cartilage destruction.
However, this finding is not universal and smoking did not
affect the progression of knee OA in our study. Zhang et
al. [12] reported that obesity and low BMD are risk factors
for knee OA progression, whereas a high BMD is a risk
factor for knee OA incidence. They indicated that only
BMD as a risk factor differed between the progression and
incidence of knee OA. We found here that a low knee
ROM was the only risk factor for progressive knee OA. In
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particular, OA progressed more among participants with a
knee ROM of <120° than among those with a knee ROM
of >120°. To our knowledge, knee ROM has not been
examined, since low knee ROM has not been recognised
as a risk factor for progressive knee OA; yet restricting hip
flexion by >20% is a risk factor of progressive hip OA
[24]. How low knee ROM causes knee OA to progress is
not entirely clear. Nevertheless, the same mechanism
involved in hip OA might also function in knee OA
because the knees are also weight-bearing joints. We
concluded that patients with a low knee ROM relative to
grade of radiographic knee OA, particularly a low grade,
require more careful follow-up.

Our study has several potential limitations. Firstly,
Miyagawa is a mountain village, and many inhabitants
are typically engaged in forestry. Secondly, participants
who could attend the hospital were generally healthier
than non-participants. Thirdly, this investigation was
based on a relatively small cohort over a comparatively
short duration. Therefore, the statistical significance of
the risk factors might be relatively low. Further inves-
tigations are planned with more participants over a
longer term, as the study will be continued every
two years.

Conclusion

The incidence and progression of radiographic knee OA
increased at rates of 4.0% and 6.0% per year, respectively,
in a Japanese population aged >65 years. Female gender
and obesity (high BMI) were risk factors for incidence,
whereas restricted ROM (low knee ROM) was a risk factor
for the progression of knee OA. Patients with low knee
ROM relative to grade of radiographic knee OA might
require more careful follow-up than those with a higher
ROM.
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