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Abstract
Objectives—To investigate whether subjects with knee osteoarthritis (OA) have
reduced static postural control, knee proprioceptive acuity, and maximal voluntary
contraction (MVC) of the quadriceps
compared with normal controls, and to
determine possible independent predictors of static postural sway.
Methods—77 subjects with symptomatic
and radiographic knee OA (58 women, 19
men; mean age 63.4 years, range 36–82)
and 63 controls with asymptomatic and
clinically normal knees (45 women, 18
men; mean age 63 years, range 46–85)
underwent assessment of static postural
sway. 108 subjects (59 patients, 49 controls) also underwent assessment of knee
proprioceptive activity and MVC (including calculation of quadriceps activation).
In patients with knee OA knee pain,
stiVness, and functional disability were
assessed using the WOMAC Index. The
height (m) and weight (kg) of all subjects
was assessed.
Results—Compared with controls, patients with knee OA were heavier (mean
diVerence 15.3 kg, p<0.001), had increased
postural lateral sway (controls: median
2.3, interquartile (IQ) range 1.8–2.9; patients: median 4.7, IQ range 1.9–4.7,
p<0.001), reduced proprioceptive acuity
(controls: mean 7.9, 95% CI 6.9 to 8.9;
patients: mean 12.0, 95% CI 10.5 to 13.6,
p<0.001), weaker quadriceps strength
(controls: mean 22.5, 95% CI 19.9 to 24.6;
patients: mean 14.7, 95% CI 12.5 to 16.9,
p<0.001), and less percentage activation of
quadriceps (controls: mean 87.4, 95% CI
80.7 to 94.2; patients: mean 66.0, 95% CI
58.8 to 73.2, p<0.001). The significant predictors of postural sway were knee pain
and the ratio of MVC/body weight.
Conclusions—Compared with age and sex
matched controls, subjects with symptomatic knee OA have quadriceps weakness,
reduced knee proprioception, and increased postural sway. Pain and muscle
strength may particularly influence postural sway. The interaction between physiological, structural, and functional
abnormalities in knee OA deserves further study.
(Ann Rheum Dis 2001;60:612–618)

Control of balance is vital to everyday life. It
allows performance of activities that range
from maintenance of static positions to
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complex dynamic activities. Postural control is
complex and on the aVerent side involves the
central processing of peripheral sensory input
from vestibular, visual, and proprioceptive
pathways, whereas the eVerent side involves the
precise recruitment of specific (and varying)
populations of motor units. Peripheral proprioception involves various sensory receptors,
including cutaneous touch and pressure receptors, mechanoreceptors of synovial joints, muscle spindles, and tendon Golgi organs. Muscle
spindles are the more important for detecting
changes in joint angulation in the mid-range of
movement, whereas joint mechanoreceptors
(pacinian corpuscles and RuYni’s end organs),
which detect stretch of ligaments and deep tissues, are more important at the extremes of
joint movement. The knee joint has a rich sensory innervation and has mechanoreceptors in
the anterior and posterior cruciate ligaments,
collateral ligaments, and menisci.1–4
Osteoarthritis (OA) may result in changes
that aVect not only intracapsular tissues but
also periarticular tissues, such as ligaments,
capsule, tendons, and muscle.5 6 Subjects with
knee OA are known to have impaired proprioception compared with age matched controls,7 8 and histology of ligaments from OA
knees shows marked reduction in the number
of mechanoreceptors. Knee OA is also associated with a 50–60% reduction in maximum
quadriceps torque,9 possibly resulting from
disuse atrophy and arthrogenic inhibition.10
Electromyographic studies show recruitment
of more muscle fibres in subjects with painful
knee OA than in normal controls for similar
tasks such as standing, as well as unequal activation of the individual muscle groups of the
quadriceps femoris. Such unequal activation
may result from muscle insuYciency, neuromuscular incoordination, or pain.11
Postural (or balance) control can be assessed
under either static or dynamic conditions.12 13
Dynamic tests assess balance control during
voluntary execution of a movement, such as
walking or rising from a chair. Static tests assess
the ability to maintain an upright position in
various situations, such as with the eyes closed
or with expected or unexpected perturbance.
The tests measure the frequency against time
of postural sway by assessing medial-lateral
displacement of the centre of pressure.12 13
Large excursions of the centre of pressure are
generally assumed to be signs of poor balance.
The primary objective of this study was to
investigate whether control of balance as
assessed by static postural control is impaired
in subjects with knee OA compared with age
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Methods
The study was approved by the research ethics
committee of Nottingham City Hospital.
Informed written consent was obtained from
all participants.
STUDY PARTICIPANTS

Patients with knee OA were recruited from the
weekly knee OA clinic at the City Hospital,
Nottingham. All patients with OA had symptoms and signs consistent with knee OA and
radiographic evidence of definite osteophyte,
with definite joint space narrowing aVecting at
least one knee compartment (medial tibiofemoral or patellofemoral) viewed on standard
radiographs (standing extended anteroposterior and skyline 30° flexion views). No
patients had symptoms, signs, or radiographic
findings to suggest coexistent inflammatory or
other locomotor disease. Non-OA controls
were recruited by local advertisement and
comprised staV at the City Hospital Nottingham and spouses of patients with knee OA.
Controls were included on the basis of (a) no
current or past knee pain and no history of
major knee trauma, and (b) normal findings on
clinical examination of the knees and other target sites for OA (hips, first carpometacarpal
joint, distal interphalangeal finger joints). Controls were matched for age and sex to the OA
participants. No patient or control was included if they had a history of faints, vertigo,
diabetes mellitus, Parkinsonism, or other condition that might impair balance. Subjects were
excluded if they were taking drugs for any of
the above conditions or drugs with the known
side eVect of causing any of the above
symptoms. Patients were not excluded if they
were taking non-steroidal anti-inflammatory
drugs.
ASSESSMENTS

As a self perceived assessment of balance, all
participants were asked if they had experienced
any problems with balance, with “giving way”
of their legs, or had had any fall in the past two
years. All were weighed (kg) and had their
height measured (m). Patients’ pain, stiVness,
and physical function were assessed. The self
administered WOMAC questionnaire was
used for this purpose. It is an activity based
questionnaire designed for patients with knee
and hip OA. Its validity, reliability, and relative
eYciency have been tested and it has been
shown to be a reliable and valid multidimensional health status instrument.14 The questionnaire includes 24 questions (five pain, two
stiVness, and 17 physical function disability).
Postural sway
Static postural stability was assessed with the
Balance Performance Monitor (BPM) (SMS
Technologies, Harlow, Essex CM19 5TL). The
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machine is designed to assess upright weightbearing status and comprises two foot plates
connected to a feedback unit. For each subject
the position of the foot plates was adjusted to
match their normal stance. They were then
asked to stand steadily on the foot plates with
their shoes on, arms at their sides, and eyes
closed. The procedure was performed twice,
the first to acclimatise the subject, the second
being used for measurement. Data were
acquired at 10 Hz over a period of 30 seconds,
and presented both numerically and graphically. Graphical information presented a trace
as the subject’s weight shifted in lateral and
anteroposterior directions and as a centre of
gravity trace indicating the movement of the
subject’s centre of balance about their base of
support during the 30 second test. The BPM
data is recorded in arbitrary units on a scale
from 0 to 100, from which it is possible to
derive values of weight distribution (balance
coeYcient) and relative movement (sway coefficient). The balance coeYcient is the mean
weight that shifts during the 30 second test
period in a left-right or lateral direction. The
sway coeYcient is the standard deviation of the
balance coeYcient. Greater balance and sway
coeYcients indicate a greater amount of
postural instability. Reproducibility was assessed by repeat measurement of postural sway
on two occasions one week apart on 20 subjects
(10 patients with knee OA, 10 controls).
Knee joint proprioception
Proprioceptive acuity was assessed by the ability to reproduce passive positioning of the leg
with eyes closed using custom designed
apparatus based on published descriptions.7 15
The apparatus comprised a chair with a device
that enabled passive positioning of the subject’s
leg, a protractor with one-degree divisions
attached to the side of the chair, a counterbalance to the weight of the subject to ensure that
the leg felt weightless during leg movement,
and inflatable pneumatic cuVs (Centromed,
Ashford, Kent TN24 0SJ) for the thigh and
lower leg to eliminate any contribution from
cutaneous receptors and to avoid skin contact
with clothing. The 90° flexion of the knee corresponded to 90°, and full extension of the leg
to 180°, on the protractor. Each subject was
seated on the chair with hips and knees at 90°
flexion. The upper pneumatic cuV was placed
around the whole thigh from just above the
knee, and the lower cuV around the whole foot
and calf from just below the knee. The following procedure was then performed with eyes
closed and hands folded across the chest. The
leg was moved passively, positioned at a certain
position (the criterion angle) and held there for
five seconds. The leg was then returned
passively by the examiner to the original
position and the subject asked to actively
reproduce the criterion angle. Criterion angles
were randomly selected between 90° flexion
and full extension. The diVerence between the
criterion and reproduced angle was taken as a
measure of proprioceptive acuity. The whole
procedure was performed four times, the first
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to explore possible independent predictors of
increased sway, such as knee pain, knee
proprioception, or maximal voluntary contraction (MVC) of the quadriceps.
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Maximal voluntary contraction and percentage
activation of the quadriceps
Maximal quadriceps strength was measured
isometrically using a modified Tornvall chair.
Each subject was seated on the chair with hips
and knees flexed to 90°. Restraining straps
were fitted across the pelvis and upper chest to
minimise unwanted pelvic and upper trunk
movements. A non-extensile strap was placed
just above the medial malleolus, the other end
being connected by a metal chain to a strain
gauge (TKA load cell Techni Measure, Studley) that was attached to a bar at the back of the
chair such that the line of the pull was horizontal. The output from the strain gauge was
amplified by an amplifier and a digital read out
(Techni Measure, Studley). The final output
was read onto a chart recorder (Recorderlab,
Surrey SM2 5PS). Each subject was asked to
straighten the test leg, pushing as hard as possible against the strap. The procedure was performed three times with a few seconds rest
between each. The highest value obtained was
regarded as the MVC. The degree of quadriceps activation was estimated by superimposition of an electrical current given through two
electrodes consisting of aluminium foil covered
in cloth dampened in 0.9% saline.16 These were
placed on the anterior thigh. Stimulation was
achieved with a Digitimer High Voltage Stimulator (DS7-H, Digitimer Ltd, Welwyn Garden
City). The device was set to deliver a current of
1 A with stimulation duration of 50 ms. The
voltage was adjusted to achieve approximately
20% quadriceps activation. Once the voltage
was set, the subject received a set of three
stimulations while at rest (baseline “twitches”).
The subject was then asked to perform
maximal contractions and to sustain this.
Three further currents were delivered with an
interval of one second between each. The percentage activation was calculated according to
Bigland-Ritchie et al.17 Reproducibility of the

instrument for assessment of MVC and quadriceps activation has previously been established in our unit16: the coeYcient of variation
is <10%.
STATISTICAL ANALYSIS

Only data relating to the worst performing leg
were analysed.18 Statistical analysis was performed using “SPSS” v80. All tests were two
tailed. Reproducibility for sway and proprioception was assessed by the method of Bland
and Altman.19 The intraclass correlation (ICC)
and á were also measured. For normally
distributed variables data are presented as
means and 95% CI. DiVerences between these
variables were assessed using Student’s t test.
The non-normally distributed variables are
presented as medians and interquartile (IQ)
ranges with diVerences assessed using the
Mann-Whitney U test. The degree of association between the measured variables for the
whole cohort was estimated using partial (to
control for OA) and Spearman’s rank correlations for subjects with knee OA.
Multiple regression analysis was used to
determine the possible predictors of postural
sway in the whole cohort and then in subjects
with knee OA. Multiple regression analysis was
also used to determine the extent of physical
disability (as assessed by the WOMAC) of subjects with knee OA.
Multivariate
analysis
of
variance
(MANOVA) was used to analyse the diVerences in postural sway, proprioception, MVC,
and percentage activation of quadriceps, controlling for weight between patients with OA
and controls.
Results
One hundred and forty subjects were recruited
to the study, 77 patients with OA (58 women,
19 men), 12 of these had unilateral knee OA,
and 63 controls (45 women, 18 men). Table 1
shows the anthropometric data. Patients and
controls were similar in age and height, but
patients with OA were significantly heavier
than controls (95% CI of diVerence −0.60 to
−10.10, p<0.001). None of the controls
reported any problems with balance, whereas
38 (49%) of the patients with OA had noticed
some problem with their balance. This was

Table 1 Anthropometric data, postural sway, proprioceptive acuity (degrees), MVC* (kgf), quadriceps activation for the controls and patients. The data
are presented as means and 95% CI unless otherwise stated
Controls
No (%)
Anthropometric data
Male
Female
Total
Age (years)
Height (m)
Weight (kg)
Postural sway (median, IQ range)
Lateral
Anteroposterior (right)
Anteroposterior (left)
Proprioceptive acuity
MVC (kgf)
Quadriceps activation (%)
MVC/weight

Patients
Mean (95% CI)

Mean diVerence
(95% CI of diVerence)

p Value

63 (60.1 to 65.5)
1.66 (1.64 to 1.68)
68.7 (66.3 to 71.1)

63.4 (61.0 to 65.7
1.65 (1.63 to 1.67)
83.4 (79.6 to 87.10)

−0.61 (−4.2 to 3.0)
0.87 (−1.95 to 3.70)
−15.34 (−20.6 to −10.10)

0.47
0.45
<0.001

2.3 (1.8–2.9)
3.3 (2.3–5.2)
3.3 (2.2–4.2)
7.9 (6.9 to 8.9)
22.5 (19.9 to 24.61)
87.40 (80.7 to 94.20)
0.32 (0.30 to 0.36)

4.7 (1.9–4.7)
4.4 (3.4–6.0)
4.4 (3.1–6.4)
12.0 (10.5 to 13.6)
14.7 (12.54 to 16.86)
66.0 (58.80 to 73.20)
0.18 (0.15 to 0.21)

−4.1 (−6.1 to −2.2)
7.5 (4.40 to 10.72)
21.4 (11.51 to 31.34)
0.15 (0.10 to 0.20)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Mean (95% CI)

18 (29)
45 (71)
63

54
49
47
47

No (%)

19 (25)
58 (75)
77

66
59
57
57

*MVC = maximal voluntary quadriceps.
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as a trial to familiarise the subject with the procedure. The average of the last three procedures was taken as the proprioceptive acuity for
that limb. Reproducibility was assessed by
repeat measurement of proprioception on two
occasions one week apart on 20 subjects (10
patients with knee OA, 10 controls).
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Table 2 Scores for pain stiVness and physical function disability for subjects with knee
osteoarthritis
Median

IQ range

Total range

Maximum
possible score

Pain
StiVness
Physical function disability

10
5
36

7.0–12.0
3.0–6.0
22.0–42.0

3.00–16.0
1.0–8.0
7.0–59.0

20
8
68

15
10

20

10

0
n=

54
Controls

66
Patients

Figure 3 Proprioceptive acuity (degrees) for controls
(n=54) and patients (n=66).

5

40
0
n=

63
Controls

77
Patients

Figure 1 Box plots showing postural lateral sway in
controls (n=63) and patients (n=77).

variously described as “feeling wobbly”, “tripping readily over things”, “swaying”, and “feeling unsteady”. Of these 38 patients, 23 also
reported one or more falls within the previous
two years. Postural control was assessed in all
140 subjects. One hundred and twenty subjects
(66 patients with OA, 54 controls) were willing
to have assessment of proprioception, and 108
of these (59 patients with OA, 49 controls) also
agreed to assessment of quadriceps strength
and twitch superimposition.
PAIN, STIFFNESS, AND PHYSICAL FUNCTION
DISABILITY

Table 2 shows the scores for pain stiVness and
physical function disability for subjects with
knee OA.
POSTURAL SWAY

For reproducibility the means and the diVerences of the two assessments on each subject
were calculated and plotted on a scatter graph.
All data points were within two standard deviations from the mean. That is 95% of the diVerences were less than 2SD thus meeting the
definition of repeatability of the British Standards Institution. á was 0.87 and the ICCs for
the two trials were 0.87 (95% CI 0.68 to 0.95).
Table 1 and figs 1 and 2 show the results for
study participants. Subjects with knee OA
swayed significantly more than controls in both
lateral (p<0.001) and in anteroposterior
15

Maximum voluntary
contraction (kgF)

Postural lateral sway

20

30

30
20
10
0
n=

49
Controls

59
Patients

Figure 4 Maximal voluntary contraction for controls
(n=49) and patients (n=59).

(p<0.001) directions. Comparison of unilateral
and bilateral knee OA showed no significant
diVerence, but with only 12 subjects with unilateral OA, numbers were too small to be conclusive.
PROPRIOCEPTIVE ACUITY

For repeat measures all data points were within
two standard deviations from the mean—that
is, 95% of the diVerences were less than 2SD. á
equalled 0.90 and ICCs for the two trials were
0.895 (95%CI 0.74 to 0.96). Table 1 and fig 3
show the results for patients and controls.
Patients with OA had a greater mean error than
controls—that is, they were less accurate in
producing the criterion angle than controls
(95% CI of diVerence −6.10 to −2.20,
p<0.001).
MVC AND PERCENTAGE ACTIVATION OF THE
QUADRICEPS

Table 1 and fig 4 show the data for muscle
assessment. Controls exerted significantly
more voluntary extensor force than patients
with OA (95% CI of diVerence 4.40 to 10.72,
p<0.001). The ratio of MVC/weight was

AP Left

140

10

5

0
n=

63

63

Controls

77

77

Patients

Figure 2 Postural sway in anteroposterior direction on
right foot (AP Right) and left foot (AP Left) for controls
(n =63), and patients (n=77).
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Percentage quadriceps
activation (%)

Anteroposterior sway

AP Right

120
100
80
60
40
20
0
n=

47
Controls

57
Patients

Figure 5 Percentage quadriceps activation for controls
(n=47) and patients (n=57).
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Table 3

Regression analyses of postural sway and physical disability (WOMAC score)
Adjusted R2
(as percentage)

Independent variable

Standard
error of B

t Value

Significance

−0.912
0.23
0.004
−0.008

0.43
−0.05
0.002
0.003

−2.13
4.56
2.80
−3.00

0.035
<0.001
0.005
0.004

−0.52
−0.41
0.030

0.118
0.122
0.009

−0.52
−3.33
2.90

0.25
0.002
0.001

−10.01
−0.26
2.24
0.141
0.23

9.20
0.112
0.30
0.063
0.101

−1.09
−2.28
7.51
2.25
2.25

0.28
0.027
<0.001
0.03
0.03

B

(A) All subjects (n=104, 47 controls and 57 patients)
Postural sway
47
Constant
Knee OA+
Weight (kg)
MVC* (kgf)
(B) Knee OA + patients only (n=57)
Postural sway
30
Constant
MVC/weight (kgf/kg)
Pain (WOMAC score)
(C) Knee OA + patients only (n=57)
Physical disability
66
Constant
MVC (kgf)
Pain (WOMAC score)
Weight (kg)
Age (years)
*MVC = maximal voluntary quadriceps.

diVerent in the two groups (95% CI of
diVerence 0.10 to 0.20, p<0.001). Furthermore, controls activated their quadriceps
significantly more than patients with OA (95%
CI of diVerence 11.51 to 31.34, p<0.001) (fig
5). A proportion of controls and cases had
more than full (100%) activation, suggesting
that the machine is overestimating.
CORRELATION/REGRESSION ANALYSIS

Increasing age was associated with a decline in
proprioceptive acuity for both controls and
patients (r=0.30, p<0.001). In subjects with
knee OA increased postural sway was associated with increasing weight (r=0.35, p=0.007),
reduced MVC (r=−0.30, p=0.025), and reduced MVC/body weight (r=−0.40, p=0.002).
Correlation was also observed with increasing
disability (r=0.34, p=0.01) and knee pain
(r=0.30, p=0.03).
Regression analysis showed that the presence
of knee OA, obesity, and weak MVC were the
most significant independent predictors of
increased postural sway. The model accounted
for 47% of variation in lateral postural sway
(table 3A).
When subjects who had knee OA were considered separately, knee pain and the ratio of
MVC/body weight were the most significant
predictors of sway and the model accounted for
30% of the variation in sway (table 3B). The
ratio of the two variables MVC and body
weight was included in the analysis in addition
to the variables themselves. This was because
the eVect of the interaction was thought to be
important. In subjects with knee OA the ratio
was a more significant predictor of postural lateral sway than either factor alone.
MANOVA analysis was performed on the 104
subjects (47 controls, 57 patients) for whom
complete data were available. The analysis
showed that controlling for weight, patients sway
significantly more (p<0.001), have greater error
in reproducing the criterion angle (p<0.001),
have less MVC (p<0.001), and less activation
of the quadriceps (p=0.002) than controls.
Exploring the determinants of physical function disability was not the prime objective of
this study. However, from among the variables
age, weight, postural sway, proprioception,
MVC, quadriceps activation, and knee pain
four predictors emerged. These were age,
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weight, MVC, and knee pain. The final model
accounted for 66% of the variation in physical
disability in subjects with knee OA of this
cohort (table 3C).
Discussion
The main findings of this study are that
subjects with knee OA, compared with age and
sex matched controls, (a) sway more in both
lateral and anteroposterior directions (under
conditions of quiet standing position with eyes
closed); (b) are less accurate in reproducing the
criterion angle; (c) exert less force during
voluntary isometric contraction of the quadriceps; and (d) have less activation of the quadriceps muscle. These diVerences persisted after
controlling for weight (p<0.001). The findings
are in accord with previous studies that have
investigated similar parameters in isolation or
in limited combination employing similar
techniques.7 16 20–23 This is the first study to
assess all three parameters in the same patients
with OA and in matched controls and to seek
explanatory correlation between these and
other constitutional factors, such as age, sex,
and obesity.
The apparently healthy controls, although
activating the quadriceps significantly more
than subjects with knee OA, nevertheless failed
to reach an average of maximal (100%) activation reported in other studies employing the
same methodology.16 Jones suggested a cut oV
point of <77% to indicate failure of normal
activation by an individual.16 Some controls in
the present study, however, had <70% activation, a finding reported in one previous study.24
There are several possible explanations for
incomplete activation in subjects with apparently healthy knees. For example, it may well be
that the variation in healthy subjects is wider
than previously recorded. Alternatively, the
position of the pads and the precise muscle
fibres being tested may account for variation in
the pattern of recruitment. Overall, however, a
clear diVerence between the patients with OA
and controls has been shown.
Quadriceps strength and proprioception are
clearly important for balance control. The
present study showed that both were compromised in subjects with knee OA. The observed
increase in postural sway in these subjects may
be due to impairment in both or one of these
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that the majority of our controls had structurally normal knees and that diVerences seen
between the two groups predominantly relate
to the OA process. A more important caveat to
our study, however, is that all OA subjects had
knee pain. We were therefore unable to assess
separately the individual contributions of pain
and structural change to the impaired strength,
reduced proprioception, and increased sway
that we observed in the patient group. Future
studies that include subjects with and without
pain, with and without structural change, are
required to consider this question more fully.
Our method of assessment for balance was also
rather limited, and future studies that investigate the role of proprioception of the ankle
joint and the strength of calf muscles in the
maintenance of static balance in subjects with
knee OA would seem warranted.
We wish to thank all those who volunteered to participate in the
study; Joyce Stevenson for statistical advice; and the Ministry of
Higher Education, Sultanate of Oman for the research scholarship for BH.
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parameters. Interestingly, however, the correlation and regression analyses demonstrated an
association between increased postural sway
and reduced quadriceps strength but no clear
association with reduced proprioception. The
reason for this may be that proprioceptive input
from ankle mechanoreceptors, muscle spindles, and the cutaneous receptors of the sole
make an important contribution to the maintenance of static postural control,25 thus compensating for reduced knee proprioception during
this assessment.26–29
Patients with OA and controls, although
matched for age and sex, clearly diVered in
weight and in the ratio of quadriceps strength
to weight. These diVerences, together with
presence of knee pain, would seem to be
important factors to explain the increased sway
observed in subjects with OA. Indeed for subjects with knee OA, 30% of the variation in
postural sway was attributable to the ratio of
quadriceps strength to weight and level of pain.
It might therefore be that in OA muscle weakness resulting from the OA process, muscle dysfunction secondary to pain, and the additional
eVect of increased weight, all contribute to
reduce the ability of muscle to maintain postural
stability and thus lead to the observed increase
in the frequency of sway. Factors such as obesity
and quadriceps dysfunction, both for strength
and proprioception, are potentially amenable to
intervention. The present data would support
the rationale for such interventions and the
inclusion of such physiological assessments in
prospective intervention trials.
This study also explored whether any of the
measures undertaken in this study might be
important determinants of physical disability.
Of the factors examined knee pain, aging,
increased weight, and reduced MVC emerged
as significant predictors of disability, the final
model accounting for 66% of the variation
observed. This is consistent with findings of
other investigators.30–32 We also sought predictors of impaired proprioceptive acuity and
found increasing age to be the common factor
for both patients with OA and controls. This
finding accords with previous reports15 33–35 and
suggests that a decline in proprioceptive acuity
is a normal accompaniment of aging.
There are caveats to this study. Firstly, the
patients with OA were derived from a hospital
setting and their symptoms and disability are
likely to be representative of the more severe
end of the OA population. Controls were
selected to be free from knee pain and overt
balance disturbance. Such selection bias in
both groups may limit the generalisability of
the data. Secondly, non-OA status for controls
was based on a negative history of pain and
normal examination findings alone. Some of
these subjects might have had radiographic
changes of OA or other occult knee pathology.
However, radiographic changes of OA in
asymptomatic subjects in this age group would
not be expected to be high. In a community
based study undertaken by our group,36 7.5%
of asymptomatic subjects had grade 2 osteophytes and 11.3% grade 2 joint space narrowing of any compartment. It is likely, therefore,
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