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example, quadriceps weakness has been shown to be a pre-
dictor of the presence of both asymptomatic radiographic
knee OA as well as symptomatic knee OA3. Therefore, pre-
vious studies have suggested that muscle weakness may be a
primary risk factor for knee OA and not simply a conse-
quence of advanced OA-induced pain and disuse.

Proprioception sense has been evaluated in OA as the
awareness of limb position and movement in space. Knee
proprioception so measured has been shown to decrease
with increasing age and with the presence of knee OA4-7.
Whether proprioceptive deficits initiate joint degeneration
from abnormal neuromuscular control and harmful dissipa-
tion of knee loads or whether proprioceptive deficits in
patients could be a result of damage to joint receptors from
OA-associated degeneration is an unresolved issue.

Mechanoreceptors that provide proprioceptive function
are located at the tendons, ligaments, meniscus, joint capsule
and muscle8-10. Although specific associations between
quadriceps muscle strength and proprioception have not
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Introduction

Osteoarthritis (OA) is the most common arthropathy
worldwide and a major contributor to disability in the elder-
ly. A majority of individuals over the age of 40 have radi-
ographic evidence of OA and the prevalence of the disease
increases with age1. Ten percent of the population will have
symptomatic OA by the age of 70 and OA is the single most
common indication for large joint arthroplasty2.

Motor and sensory deficits can increase the risk of joint
degeneration and have been associated with knee OA. For
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been investigated in knee OA, there is some indirect evi-
dence that suggests that muscle dysfunction may be associat-
ed with proprioceptive deficits in this disease11-14.

Pain may be a factor affecting the evaluation of muscle
strength and proprioceptive acuity15,16. Previous studies have
shown a relationship between quadriceps strength and knee
pain17 as well as suggested that temporary pain reduction may
improve maximum voluntary muscle contraction15 and decrease
abnormal involuntary muscular activation16. Conversely, the
effect of pain on proprioceptive function has not been estab-
lished. The minimal evidence that does exist is contradictory,
suggesting that proprioceptive acuity may improve, decrease, or
not change with improvements in pain4,15,18,19.

Studies show that intervention with rehabilitation exercis-
es can result in objective and subjective improvements in
muscle strength and overall pain and function in subjects
with symptomatic knee OA20-24. Some investigators have
reported that training programs may influence propriocep-
tion at the knee25 and more recently evidence has suggested
that isokinetic muscle strengthening may improve joint posi-
tion sense in subjects with patellofemoral pain syndrome26.
However, little investigation has been done to evaluate the
concomitant effects of muscle strengthening on propriocep-
tive acuity in subjects with knee OA22.

The aim of this investigation was to evaluate for improve-
ments in and relationships between pain, muscle strength,
and proprioception in knee OA with an 8-week home exer-
cise program. The corresponding hypotheses were that 1)
pain would be indirectly associated with muscle strength and
proprioception at baseline and changes in pain with exercise
would correlate directly with changes in muscle strength and
proprioception and that 2) muscle strength would be direct-
ly associated with proprioception at baseline and improve-
ments in muscle strength with exercise would correlate
directly to improvements in proprioceptive acuity.

Methods

This study was approved through the medical center’s
institutional review board for studies involving human sub-
jects, and informed consent was obtained for all subjects.
Thirty-eight subjects with symptomatic knee OA were
recruited from the outpatient rheumatology clinics and
through recruitment efforts of the Center for Clinical
Studies in the Section of Rheumatology. Inclusion criteria
included the presence of symptomatic OA of knee, which
was defined by the American College of Rheumatology’s
Clinical Criteria for Classification and Reporting of OA of
the knee and by the presence of at least 30 mm of pain (on a
100 mm scale) while walking (corresponding to question 1 of
the visual analog format of the knee-directed Western
Ontario and McMaster Universities Arthritis Index
(WOMAC)27,28. All subjects had radiographic OA of the
symptomatic knee documented within the preceding 6
months of greater than or equal to grade 1 out of a maximum

4 as defined by the modified Kellgren-Lawrence (KL) grad-
ing scale29,30. Subjects with pain in other joints were not
excluded unless pain from other joints interfered with assess-
ment procedures. However, the predominant complaint had
to be of knee pain.

Subjects were excluded if they had received physical ther-
apy for the knee within the preceding 6 months or an intra-
articular injection for the knee within the preceding 3
months. Other exclusion criteria included: 1) the presence of
systemic inflammatory arthropathy, such as rheumatoid
arthritis, systemic lupus, or gout; 2) any history of knee or
hip replacement, or history of trauma or surgical arthroscopy
of either knee within the preceding 6 months; and 3) the
presence of diabetes mellitus of greater than 10 years dura-
tion or evidence by history or physical exam of neurological
disease or neuropathy.

The study was an 8-week prospective evaluation of a home
exercise program. Subjects underwent a baseline evaluation
for pain, muscle strength, and proprioception. They were
taught three simple and common quadriceps strengthening
exercises that were to be performed two times per day for 5
days of the week at home. They were asked to follow-up in 8
weeks to then be re-evaluated with the same protocol for
pain, muscle strength, and proprioception testing. A follow-
up phone call was made every 2 weeks after the initial visit to
provide support and encouragement and to answer any ques-
tions or concerns about the exercises. Subjects taking anal-
gesic medications were instructed to maintain their regimen,
without making changes, throughout the course of the study.
Patients were also asked to try not to make any other signifi-
cant or purposeful changes in their level of physical activity. 

Radiography. Any subject who had not had radiographs in
the preceding 6 months to document OA underwent AP
standing knee X-rays. Two trained and experienced rheuma-
tologists independently evaluated the X-rays for KL grade.
Secondary to the small number of subjects, for some analyses,
the subjects were divided into 2 groups: "mild knee OA" (KL
grades 1 and 2) and "severe knee OA" (KL grades 3 and 4).

Pain assessment. At each visit, subjects completed the
WOMAC visual analog scale for evaluation of pain at the
study knee. The WOMAC is the current standard in the
analysis of pain and function in lower extremity OA31-33 and
site-directed adaptation of the WOMAC has proven useful
and feasible28,34. The total WOMAC pain score is a scale of
0 to 500. Stiffness and function portions of the WOMAC
were also completed (total maximum score of 200 and 1,700,
respectively). Improvements in these measures were evalu-
ated as the difference between baseline and follow-up
scores.

Muscle strength analyses. Concentric and eccentric isoki-
netic strength of knee extensors and flexors were tested using
a Biodexì (Shirley, New York) isokinetic dynamometer. The
measurements were performed with the patient in a seated
position with the hip at a flexed angle of 90 degrees.
Restraints were applied across the waist and an ankle strap
proximal to the medial malleolus secured the tibial pad of the
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force transducer. The axis of rotation of the dynamometer
was aligned with the axis of rotation of the knee. Subjects
were instructed to fold their arms across their chest. Subjects
underwent five maximal concentric and eccentric contrac-
tions for knee flexion and extension at a speed of 60o/sec with
testing range of motion between 0o (full extension) and 80o of
flexion. There was a rest period of 10 seconds between suc-
cessive concentric and eccentric contractions. Peak torque
measurements (ft-lbs) were used to represent maximum mus-
cle strength and were divided by body weight (ft-lbs/BW).
Since an appropriate assessment of muscle strength improve-
ment was felt to be dependent on baseline muscle strength, a
percentage improvement was calculated ((follow-up
strength-baseline strength)/baseline strength). The reliability
for muscle strength measurements (normal subjects tested on
consecutive days) was high with an ICC of 0.95 to 0.99.

Proprioception analyses. Proprioception was evaluated
at the knee with the passive extension-active replication
method using the Biodexì isokinetic dynamometer35.
Subjects were asked to close their eyes. All subjects began at
the semi-reclined position with the leg flexed at 90 degrees.
Subjects had a handheld device with a red button. The sub-
ject’s leg was passively extended by the technician, at a rate
of approximately 10 degrees per second, to an index angle of
45 degrees flexion alternating with an index angle of 20
degrees flexion. The angle was maintained for 5 seconds and
then the leg was returned passively to the starting position of
flexion. The subject was asked to actively extend the leg to
reproduce the index angle and press the red button on the
handheld device when they felt they had reached the appro-
priate angle. The degrees difference between the starting
index angle and the reproduced angle reflected the subject’s
ability to estimate angular motion accurately (lower num-
ber=better proprioceptive acuity). The subjects underwent 5
repetitions at each angle and the results were evaluated as
the mean absolute error of the trials. Improvements in pro-
prioception were calculated as the difference between base-
line and follow-up measures. The reliability for propriocep-
tion measurements (normal subjects tested on consecutive
days) was fair with an ICC of 0.67 to 0.73.

Exercise training/instruction. An exercise regimen for
patients with knee OA was developed in consultation with a
physical therapist and included quadriceps sets, straight leg
raises, and knee flexions and extensions. Quadriceps sets
were performed with the subject supine and both legs
straight on the ground. They were instructed to push the
back of the knees towards the ground, hold for 5 seconds and
then relax. Straight leg raises were also performed supine.
The normal knee was bent and the "affected knee" was
straight on the ground. The "affected knee" was then raised
to the level of the bent knee, held up for 5 seconds and then
slowly returned to the ground. Knee flexion and extensions
were performed while sitting in a chair. The leg was raised
until straight (180 degrees), held for 5 seconds and then
slowly brought to the ground. Each subject was individually
taught the exercises by a trained co-investigator in the study.

Exercises were demonstrated, and each subject practised
performing them in the office until they were able to per-
form them correctly and safely. The subjects were provided
with a detailed written description of the exercises. They
were instructed to perform 30 repetitions of each exercise
daily (3 sets of 10 repetitions). If the subjects were doing well
with the exercises at the two-week phone call, they were
asked to add a 5-pound ankle weight, which was provided to
them at the initial visit.

Exercise diary/adherence. Each subject was provided
with a detailed exercise diary in which to record perform-
ance of the exercises. Subjects recorded the number of repe-
titions of each exercise that were performed daily.
Adherence was calculated by totaling the number of times
the exercise was performed each day by the total number of
repetitions prescribed per day.

Statistical analyses. Statistical analysis was performed
using SAS software. A paired-samples t-test was used to
evaluate improvements in muscle strength and WOMAC
pain scores over the eight weeks. Correlations between base-
line measures of all three factors and improvement in the
factors were evaluated with Spearman and Pearson correla-
tions. Relationships between radiographic severity and
improvement in these factors were also evaluated using t-
tests and Spearman correlations.

Power analysis. Based on previous randomized trials pub-
lished in the literature, a moderate effect of exercise on pain
and muscle strength was anticipated in this investigation.
Little information was available about the effects of exercise
on proprioception. However, Hurley and Scott had found
significant improvements in proprioception with an exercise
intervention22. Therefore, a study sample of thirty-two sub-
jects was estimated to provide greater than 80% power to
detect moderate effect sizes for the study’s primary out-
comes. For this analysis, "moderate" effect size was defined
as greater than 0.5.

Results

Thirty-eight subjects were enrolled in the study. Four sub-
jects did not follow-up for the second visit. Two of the sub-

Age (mean years±SD) 61±10

Gender (M/F) 10/28

BMI(mean kg/m2±SD) 32.4±6.6

OA Severity (KL grade)
KL 1 2
KL 2 16
KL 3 12
KL 4 8

Table 1. Baseline data on study subjects.
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jects claimed that they could not follow-up because of time
constraints and the other two subjects did not provide rea-
sons for discontinuing the study. These subjects were includ-
ed in an intent-to-treat analysis with their initial observation
carried forward. General demographic data on these sub-
jects are outlined in Table 1. The mean age of the subjects
was 61±10 years. There were 10 male subjects enrolled and
28 female subjects. The overall BMI was high in the study
population with a mean of 32.4±6.6 kg/m2. The radiograph-
ic severity of OA in the population varied with 2 subjects
with KL grade 1 knee OA, 16 KL grade 2, 12 KL grade 3, and
8 KL grade 4.

Pre- and post-exercise values for the primary outcomes
are summarized in Table 2. There were significant improve-
ments observed in pain, stiffness and WOMAC function
scores as well as quadriceps muscle strength between base-
line and post-intervention evaluations. Pain improved by
42%. There were also significant improvements noted in
both WOMAC stiffness (32%) and WOMAC function
scores (41%). Quadriceps muscle strength improved by
30%. For the group as a whole, proprioception did not
change significantly between baseline and follow-up exams. 

At baseline, significant correlations were found between
pain and muscle strength, and between pain and propriocep-
tion. Baseline pain was negatively correlated with baseline
muscle strength (rho=-0.39, p=0.01). Thus, subjects with
more severe pain demonstrated lower muscle strength.
Baseline pain was also negatively correlated with baseline
proprioceptive acuity (rho=-0.35, p=0.03). Therefore,
increased pain was associated with worse proprioceptive
acuity. After 8 weeks of exercise therapy, changes in pain
were directly correlated with changes in muscle strength
(rho=0.45, p=0.005, Figure 1). Similarly, changes in pain
with exercise were directly associated with changes in pro-
prioceptive acuity (rho=0.41, p=0.01, Figure 2). However,
no significant correlation was found between muscle
strength and proprioception. Correlations were also evaluat-
ed using percentage changes in proprioception and
WOMAC pain scores, thereby accounting for baseline sta-
tus. Correlation co-efficients changed minimally and

remained statistically significant.
Subjects with "mild knee OA" experienced greater

improvements in pain compared to the "severe knee OA"
group, 58.5±29.1% (143±113 mm) vs. 27.1±56.4%
(66.5±94.4 mm, p=0.03). Although proprioception acuity
did not change significantly in the group as a whole, a signif-
icant direct correlation between the severity of knee OA and
change in proprioception was observed (rho=0.32, p=0.05).
There was no such correlation observed between severity of
knee OA and change in muscle strength.

Overall, total average exercise adherence was 82.9±20%
in this investigation. However, due to the small variation in
adherence in the subjects and the small sample size, no sig-
nificant correlations between adherence rate and improve-
ments in pain, muscle strength or proprioception were
observed.

Discussion

Significant improvements in knee pain, stiffness, and func-
tion were found in this study of subjects with knee OA who
underwent 8 weeks of home exercise therapy. The results
from this study support previous studies that have also found
significant improvement in OA-related symptoms and muscle
strength with exercise20-24. The degree of improvement in
both pain and muscle strength have varied between studies.
These differences may be attributable to variations in the
intensity, type, and duration of the exercise intervention.

In contrast to the substantial improvements observed in
pain and muscle strength, no significant differences were
noted between proprioceptive acuity at baseline and post-
intervention in this investigation. Few studies have evaluated
the effects of exercise on proprioceptive acuity. Recently,
Hazneci et al. noted significant improvement in knee joint
position sense after 6 weeks of closed-chain exercises in sub-
jects with patellofemoral pain syndrome26. The fact that this
study was not able to observe a similar improvement in pro-
prioception with exercise may be attributed to differences in
the exercise regimen or differences in joint pathology in the
subject groups. Patellofemoral pain syndrome is not felt to
be associated with typical damage to joint structures as that
seen in OA. Therefore, perhaps the proprioceptive deficits
observed in those subjects are due to reversible factors while
those in knee OA are secondary to irreversible damage to
joint mechanoreceptors. 

Hurley and Scott, to our knowledge, performed the only
other investigation on the effects of exercise on propriocep-
tive acuity in knee OA22. They found that proprioception,
measured also as joint position sense, improved significantly
from baseline to post-intervention measurements. However,
the control and treatment groups did not demonstrate signif-
icant differences in proprioceptive acuity. Furthermore,
Hurley and Scott’s study was a 6-month exercise study (5-
weeks of structured rehabilitation followed by home exercise
therapy for the remainder of the 6 months). Therefore, a pos-

Baseline Post-exercise

WOMAC (mm±SD)
Pain 245±109 142±123*
Function 104±56 71±56*
Stiffness 840±416 495±428*

Quadriceps muscle strength 24.0±12.7 31.1±13.0*
(ft-lbs/BW±SD)

Proprioception 5.4±2.8 5.7±3.7
(degrees error±SD)

*p<0.05

Table 2. Baseline and post-exercise measurements.



N. Shakoor et al.: Pain and neuromuscular factors in knee OA

39

sibility for the differing results between the two studies is that
this 8-week investigation may not have been of sufficient
duration to detect significant improvements in a sensory
function such as proprioception. Perhaps, despite the
improvement in muscle strength, proprioceptive deficits take

longer to recover.
To our knowledge, this is the first investigation to identi-

fy a negative relationship between baseline pain and propri-
oceptive acuity as well as the correlation between changes in
proprioceptive acuity and changes in pain with exercise. Few

Figure 1. Correlation between change in pain and change in quadriceps muscle strength. Pain is expressed as the change in total WOMAC
pain score in mm. Muscle strength is expressed as percentage change from baseline.

Figure 2. Correlation between change in pain and change in proprioceptive acuity. Pain is expressed as the change in total WOMAC pain
score in mm. Proprioception is expressed as the degrees of change in angle reproducibility.
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studies have evaluated the relationship between pain and
proprioception. Hassan et al. evaluated proprioception
measured as both joint position sense and postural sway
before and one hour after a saline or bupivacaine injection15.
Postural sway did not change in either group. Joint position
sense was shown to actually worsen in the bupivacaine group
and not change in the saline group, despite the fact that both
groups achieved some extent of pain relief. The authors sug-
gested that the worsening in the bupivacaine group may be
secondary to a direct effect of the anesthetic on neurorecep-
tors and that proprioceptive acuity was probably not related
to pain. Similarly, Barrack et al. demonstrated that proprio-
ception did not change in the presumably pain-free state
after total joint arthroplasty for degenerative arthritis19.
However, the authors did not specifically report pain meas-
ures before and after surgery. On the other hand, Barrett et
al. performed a similar investigation and demonstrated that
proprioception improved slightly after joint replacement
surgery4. Again, specific associations with pain were not eval-
uated. It may be that the sensory functions of pain and pro-
prioception are more intimately related than previously rec-
ognized. Therefore, perhaps the proprioceptive deficits pre-
viously observed in knee OA are substantially a consequence
of pain at the joint or, conversely, perhaps proprioceptive
acuity directly affects the degree of pain at the joint. 

Similar to the relationship noted between pain and pro-
prioception in this study, increased pain was associated with
decreased muscle strength at baseline, and the changes in
pain over 8 weeks correlated with changes in muscle
strength. This negative association between pain and muscle
strength detected in this investigation has some precedence
in previous studies15-17. These studies have suggested that
pain influences muscle activation as well as maximum volun-
tary muscle strength. O’Reilly et al. performed a cross-sec-
tional investigation of 300 subjects with knee pain and 300
without knee pain17. They found a significant association
between pain and the maximum muscle strength that was not
entirely explained by lower quadriceps activation. Similarly,
Hassan et al. evaluated muscle strength and function before
and one hour after a saline or bupivacaine injection15.
Temporary pain reduction was clearly associated with
increased maximum muscle strength and muscle activation.

This study has three major limitations. The first limitation
is the lack of an unexercised control group. Without such a
group, it is difficult to assess the extent to which subjective
improvements in pain and function were a result of patient
prior expectations. Nevertheless, objective measurements of
muscle strength were also shown to improve. And the corre-
lations between improvements in pain with muscle strength
and proprioception would be difficult to attribute entirely to
a placebo response.

The second major limitation is that cause and effect can-
not be established in this study. Therefore, the extent to
which the presence of pain affects the measurements of pro-
prioception and muscle strength in knee OA or chronic pro-
prioceptive and muscle strength deficits lead to pain is still

not clear. Nevertheless, this study has identified these corre-
lations and future studies will be needed to further investi-
gate the specific pathophysiologic relationships.

The third limitation is that few studies have evaluated the
effects of exercise on proprioception. Therefore, with limited
knowledge of previous effect sizes, this study may have been
underpowered to detect a significant improvement in propri-
oception with exercise. In addition, it is possible that anal-
gesic use by the subjects may have affected their performance
on the pain scales without concomitant alteration in their
proprioceptive acuity. However, subjects were advised to
maintain constant regimens of analgesics throughout the
study. Furthermore, if there was excessive analgesic use
immediately prior to testing, it would be expected to weaken
rather than to strengthen the negative association between
pain and proprioception that we observed. 

In summary, home exercise therapy can lead to significant
improvements in pain and muscle strength in subjects with
symptomatic knee OA. Pain, however, may be a mediating
factor in the assessment of both muscle strength and propri-
oception in these subjects. The relationships between pain
and proprioception observed in this study have not been pre-
viously reported. These relationships may provide significant
insight into the pathophysiology of neuromuscular deficits in
knee OA and need to be investigated further. Future studies
should take into account the influence of pain on neuromus-
cular factors as well as attempt to further clarify the rela-
tionships between these factors.
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