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Introduction

Impaired balance control is one of the most important
risk factors for falls.1,2 Numerous studies have reported
that elderly persons manifest deteriorating balance
function, as evidenced by increased postural sway on
the movement of the center of the pressure (COP)3,4 or
velocity.5,6

Postural stability is controlled by the motor, sensory,
and cognitive systems.7 Elderly persons showed signifi-
cant increases in the absolute latency of distal muscle
response and impairment of sensory integration abili-
ties under conditions of reduced or conflicting sensory
information.8 They have also been found to have de-
creased muscle strength and mass.9,10 Moreover, sensory
systems showed age-related functional declines that
affect balance control.8,11

Osteoarthritis (OA) of the knee is one of the major
causes of reduced activities of daily living and lowers
the quality of life in the elderly.12,13 Estimated popula-
tion prevalence in the elderly varies from 26% to 63%,
depending on age and sex.14,15 Subjects with knee OA
show reduced muscle strength and proprioception of
the knee joint.16,17 The knee is the most commonly
afflicted weight-bearing joint, and knee OA has also
been implicated as a risk factor for falls by the elderly.18

Therefore, an understanding of the ability to balance
the body and prevent falling by elderly subjects with
knee OA is a pressing issue.

Previous studies reported that subjects with knee
OA displayed greater postural sway than those without
it.19–22 However, the studies have some limitations. First,
control groups were not subjected to radiographic test-
ing, and it was not proven that they did not have OA.
Second, the assessment was done in men and women
together.

In the present study, both platform measures of bal-
ance and radiographic examination were performed in
all subjects. The purpose of this study was to clarify the

Abstract
Background. The purpose of this study was to clarify the
influence of pain and radiographic findings of osteoarthritis
(OA) of the knee on postural stability in rural-community-
dwelling elderly persons.
Methods. A total of 314 participants, consisting of 98 men and
216 women, aged 55 to 83 years, were investigated. Subjects
were classified into four groups according to the symptoms
and radiographic findings: Normal; Pain (pain without radio-
graphic OA); Asymptomatic OA (radiographic OA without
pain); Symptomatic OA (pain with radiographic OA). Knee
pain was defined as unilateral or bilateral pain of the knee that
had persisted for more than 1 month. Radiographic OA was
defined as grades 2–4 according to the Kellgren and Lawrence
criteria. The movement of the center of pressure (COP) was
measured using a force platform to quantify postural sway.
Results. Among the men, subjects in the Asymptomatic and
Symptomatic OA groups showed higher values of the envel-
opment area tracing by the movement of the COP (E AREA)
and the distance of the movement of the COP per second
(LNG/TIME) under closed-eyes condition. Among the
women, subjects in the Asymptomatic and Symptomatic OA
groups showed higher values of E AREA and LNG/TIME
under both open- and closed-eyes conditions. In the regres-
sion models consisting of the variables pain and radiographic
OA, all estimates for pain were less than zero in both sexes.
The value was significant only on the E AREA under closed-
eyes conditions in women. On the other hand, all estimates for
radiographic OA were higher than zero for both sexes. These
values were significant for E AREA and LNG/TIME under
open-eyes conditions in women, and E AREA and LNG/
TIME under closed-eyes conditions in both sexes.
Conclusions. Subjects with OA showed greater postural sway
than those without it. Only radiographic OA was a significant
factor for increasing postural sway.
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influence of pain and radiographic findings of OA of the
knee on postural stability in community-dwelling eld-
erly persons of both sexes.

Materials and methods

Subjects

A comprehensive health examination program (CHEP)
for inhabitants aged more than 39 years has been con-
ducted in Y town, a rural area of southern Hokkaido,
Japan, every August since 1982. The total population of
Y town is about 17 500, with persons aged more than 55
years accounting for about 30%. Approximately 20 %
of them engage in agriculture or fishery. All subjects
were informed as to the aims of the study and provided
consent to participate. The CHEP comprised internal
medical examinations, orthopedic and physical func-
tional examinations, and psychological tests. This study
was approved by the local ethics committee of Y town.
The total number of the participants in this CHEP was
882 (311 men, 571 women), and the exercise was con-
ducted from August 3 to 5, 2001.

The inclusion criteria for this study were age 55–84
years, participation at examinations for orthopedic and
physical function, ability to stand independently for
more than 1 minute to obtain platform measures,
and completion of all three examinations (radiographic
examinations of knee, platform measures, and record-
ing of present knee pain). Exclusion criteria were severe
disability in walking and standing and the presence of
equilibrium disturbance due to dysfunction of the cen-
tral or peripheral nervous systems (which would result
in platform measure patterns different from those of
normal adults).23

Finally, a total of 311 subjects (95 men, 216 women)
were included in this study. The mean age of the men
was 67.7 years (range 59–83 years), and that of the
women was 67.4 years (range 55–83 years). Subjects
were classified into four groups according to their symp-
toms and radiographic findings: Normal, Pain, Asymp-
tomatic OA, Symptomatic OA. The Normal group was
defined as having neither pain nor radiographic findings
of OA in either knee. The Pain group was defined as
having knee pain without radiographic findings of OA
in either unilateral or bilateral knees. The Asympto-
matic OA group was defined as showing radiographic
findings of OA without pain in either unilateral or bilat-
eral knees. The Symptomatic OA group had knee pain
as well as radiographic findings of OA in either unilat-
eral or bilateral knees.
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Interview concerning knee pain

Participants were asked about the presence of knee
pain during the physical test by the orthopedic surgeon.
Knee pain was defined as unilateral or bilateral pain of
the knee that had persisted for more than 1 month. The
time at which pain appeared was not considered.

Radiographic assessment

Posteroanterior weight-bearing radiographs with the
knee in 45° of flexion were obtained.24 Subjects with
radiographic OA were defined as those with radio-
graphic findings of grades 2–4 according to the Kellgren
and Lawrence criteria.25 Radiographic assessment was
done by one senior orthopedic surgeon (Y.H.), who was
blind to patient information.

Platform measurements of balance

Static postural stability was assessed using a stable force
platform; GS-30 (Anima, Tokyo, Japan). The machine
is designed to assess the movement of the center of
pressure (COP) from three verticality load sensors put
on corners of an isosceles triangle as that of the center
of gravity in a horizontal plane. The balance test proce-
dure was described in detail in a previous article.4

Briefly, the recording was carried out in the corner of
a gymnastics hall. All participants were instructed to
stand steadily on the foot plate without their shoes and
with their arms at their sides and feet close together.
The examination was performed twice, each lasting 30s,
under open- and closed-eyes conditions. The authors
assessed the following five posturographic variables for
assessment: envelopment area tracing by the movement
of the COP (E AREA), distance of the movement of
the COP per second (LNG/TIME), mean deviation of

the COP along the X axis (DEV OF MX) and Y axis
(DEV OF MY), and the ratio of E AREA under closed-
eyes condition to E AREA under open–eyes condition
(Romberg quotient).

Statistical analysis

First, the authors calculated the sex-specific mean indi-
ces of age, height, and body mass index (BMI) of the
four groups. Second, the indices of postural stability
were adjusted for these anthropometric potential
confounders using multiple linear regression models.
Finally, to access the individual effects of pain and ra-
diographic OA findings on postural stability, the au-
thors introduced the parameters of pain, radiographic
OA findings, and their interaction in the regression
models. All analyses were conducted using SAS release
8.2 (SAS Institute, Cary, NC, USA). P < 0.05 was con-
sidered to indicate statistical significance.

Results

Anthropometric data are shown in Table 1. They
showed no significant differences between any of the
four groups for the men, whereas age and BMI were
significantly different for the women in the four groups.
The mean postural stability indices according to the
Kellgren and Lawrence criteria are presented in Table
2. Postural stability indices adjusted by age, height, and
BMI are presented in Table 3. In the men, under closed-
eyes condition the LNG/TIME was significantly dif-
ferent (P = 0.03) and the E AREA was marginally
different (P = 0.05) in the four groups. Subjects in the
Pain group showed the lowest values of E AREA and
LNG/TIME under the closed-eyes condition. On the

Table 2. Mean postural stability indices according to the Kellgren-Lawrence criteria

Men, by grade Women, by grade

0 1 2–4 0 1 2–4
Parameter (n = 73) (n = 8) (n = 14) (n = 110) (n = 23) (n = 83)

Open-eyes
E AREA (cm2) 2.76 ± 0.16 2.88 ± 0.66 2.98 ± 0.17 2.37 ± 0.10 2.38 ± 0.25 3.11 ± 0.17
LNG/TIME (cm/s) 1.80 ± 0.07 1.98 ± 0.36 2.25 ± 0.19 1.53 ± 0.04 1.46 ± 0.07 1.84 ± 0.05
DEV OF MX (cm) −0.24 ± 0.09 0.13 ± 0.25 −0.18 ± 0.18 −0.14 ± 0.07 0.05 ± 0.10 −0.16 ± 0.08
DEV OF MY (cm) −0.62 ± 0.18 −0.66 ± 0.56 −0.58 ± 0.44 −0.57 ± 0.12 −0.82 ± 0.27 −0.33 ± 0.16

Closed-eyes
E AREA (cm2) 4.19 ± 0.30 4.63 ± 0.76 6.90 ± 1.22 3.16 ± 0.14 3.49 ± 0.45 4.09 ± 0.23
LNG/TIME (cm/s) 2.75 ± 0.15 3.07 ± 0.42 4.05 ± 0.67 2.15 ± 0.06 2.09 ± 0.12 2.58 ± 0.10
DEV OF MX (cm) −0.32 ± 0.09 0.15 ± 0.30 −0.28 ± 0.24 −0.18 ± 0.08 −0.15 ± 0.12 −0.16 ± 0.08
DEV OF MY (cm) −0.06 ± 0.20 −0.13 ± 0.38 −0.25 ± 0.44 −0.01 ± 0.13 −0.37 ± 0.25 0.08 ± 0.15

Romberg quotient 1.65 ± 0.10 1.99 ± 0.38 2.22 ± 0.33 1.44 ± 0.06 1.59 ± 0.17 1.44 ± 0.08

Means ± standard error
See the text for an explanation of the abbreviations
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other hand, subjects in the Asymptomatic and Sympto-
matic OA groups showed higher values for E AREA
and LNG/TIME than did those in the Normal and Pain
groups under closed-eyes condition. For women, the E
AREA and LNG/TIME were significantly different in
the four groups under both open- and closed-eyes con-
ditions. Subjects in the Pain group had lowest E AREA
values under both open- and closed-eyes conditions
and LNG/TIME values under the closed-eyes condi-
tion. On the other hand, subjects in the Asymptomatic
and Symptomatic OA groups had higher E AREA
and LNG/TIME values than did those in the Normal
and Pain groups under both open- and closed-eyes
conditions. None of the Dev of MX and MY under both
open- and closed-eyes conditions and Romberg quo-
tient were significantly different between any of the four
groups for either Sex.

In the regression models consisting of the variables
pain, radiographic OA, and their interaction term with
potential confounders, no interaction variables were
significant. Therefore, models without interaction vari-
ables were thought to be defensible. Table 4 shows the
results from these models without interaction. All esti-
mates for pain were less than zero for both sexes, and
the value was significant only on the E AREA under
closed-eyes condition in women. On the other hand, all
estimates for radiographic OA were higher than zero
for both sexes. These values were significant for E
AREA and LNG/TIME under closed-eyes condition in
men and for E AREA and LNG/TIME under both
open- and closed-eyes conditions in women. In the re-
gression models, only radiographic OA was a significant
factor for increasing postural sway.

Discussion

In this study, subjects with knee OA showed greater
postural sway under closed-eyes condition among
men and under both open- and closed-eyes conditions
among women. Compared with reference values of
postural stability in community-dwelling elders pre-
sented in a previous report,4 the symptomatic OA group
men showed approximately 1.8-fold values in E AREA
and LNG/TIME under closed-eyes conditions. Higher
E AREA and LNG/TIME values were also distin-
guished in women under open- and closed-eyes condi-
tions in the symptomatic OA group. Our results
supported those of previous studies that reported in-
creased postural sway in persons with knee OA.19–22

Wegener et al.20 and Hinman et al.22 found that subjects
with knee OA displayed greater postural sway than age-
matched controls under both open- and closed-eyes
conditions. On the other hand, Hurley et al.19 reported
increasing postural sway only under the open-eyes



357T. Masui et al.: Increasing postural sway in knee OA

Table 4. Effects of pain and radiographic OA on the indices of postural stability

Men Women

Parameter Estimate SE P Estimate SE P

Open-eyes
E AREA (cm2)

Pain −0.09 0.32 0.77 −0.16 0.19 0.41
Radiographic OA 0.04 0.38 0.92 0.80 0.20 <0.001

LNG/TIME (cm/s)
Pain −0.03 0.16 0.83 −0.01 0.06 0.84
Radiographic OA 0.28 0.18 0.13 0.30 0.07 <0.001

Closed-eyes
E AREA (cm2)

Pain −0.37 0.74 0.62 −0.71 0.27 <0.01
Radiographic OA 2.28 0.86 0.01 0.86 0.28 <0.01

LNG/TIME (cm/s)
Pain −0.12 0.38 0.75 −0.21 0.12 0.07
Radiographic OA 0.99 0.44 0.03 0.47 0.12 <0.001

condition, not under the closed-eyes condition. One
explanation for this difference may be differences in
the assessment manner of the balance measures. The
method of determining postural stability used by
Hurley et al.19 measured the mean angle of displace-
ment of the center of gravity from the vertical, which
differed from the measure of the movement of the COP
used by Wegener et al.20 and Hinman et al.22

In previous reports, the control groups consisted of
subjects without knee pain, joint disorder, or past his-
tory of joint injury — not subjects in whom the absence
of osteoarthrtic changes was proven by radiographic
examination. In the present study, all subjects under-
went radiographic examinations and were divided into
four groups according to the clinical and radiographic
findings. In our study, the influence of knee pain and
radiographic OA change could be assessed separately.
In the regression models consisting of the variables pain
and radiographic OA, all estimates for radiographic OA
were higher than zero for both sexes. These values were
significant for E AREA and LNG/TIME under closed-
eyes condition in men and for E AREA and LNG/
TIME under both open- and closed-eyes conditions in
women. On the other hand, all estimates for pain were
less than zero in both sexes, and the value was signifi-
cant only on the E AREA under closed-eyes condition
in women. This means that morphological bone changes
contributed to the increasing postural sway in both
sexes, whereas pain exerted a less significant influence.
This was demonstrated for the first time in a study of a
large number of community-dwelling people.

Knee pain did not cause increasing postural sway in
either sex in this study. Jadelis et al.26 reported that knee
pain does not appear to be related to balance in subjects
with good muscle strength even though poor balance
was associated with a higher pain level in the presence

of weak knees. On the other hand, Hassan et al.21 re-
ported that 77 subjects with symptomatic and radio-
graphic knee OA showed increased postural sway
compared to 63 controls with asymptomatic and clini-
cally normal knees. They demonstrated that knee pain
was a significant predictor of increasing postural sway.
This difference might be due to the fact that the
control group was not proven to have no radiographic
osteoarthritic changes.

Multiple factors seemed to be related to both knee
OA and postural stability. Subjects with knee OA
showed reduced knee strength and proprioception.16,17

Slowed reaction time and muscle weakness were associ-
ated with increased postural sway.27 Increased valgus or
varus (or both) instability of the knee may cause in-
creased postural sway. Moreover, whether the OA is
unilateral or bilateral also may influence the postural
stability. Therefore, more detailed studies are required
to resolve these issues.

Balance training has been shown to improve postural
stability.28,29 Province et al.30 reported that exercise that
concentrated mainly on balance training led to an ap-
proximately 25% reduction in the risk of falls. There-
fore, especially woman subjects with knee OA may be
able to reduce their risk of falls by training in balance
control. Pointing out their impaired ability of balance
control to subjects with OA is important to prevent
falling and the associated injuries.

There are caveats to this study. The subjects consisted
of healthy candidates drawn from a rural area in Japan.
It did not represent all community-dwelling subjects,
and less-active subjects may have been underre-
presented. Considerable differences existed among the
four groups. Especially among the men, the number of
subjects with OA was small compared with that of nor-
mal subjects. However, this study would be useful in the
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sense that it is the first report on community-dwelling
persons to focus on the relation between knee OA and
postural stability.

Conclusions

The authors examined the relation between postural
stability and knee OA in community-dwelling elderly
persons. All subjects were diagnosed according to clini-
cal investigations and radiographic findings. Among the
subjects with knee OA, men showed greater postural
sway under closed-eyes condition and women under
both open- and closed-eyes conditions. In the regression
models consisting of the variables pain and radiographic
OA, only radiographic OA was a significant factor for
increasing postural sway.
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