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Abstract  Exercise is often used to manage knee
osteoarthritis (OA). However, OA leads to balance
impairments which may lead to injury. The purpose of this
study was to determine the effect of exercise on dynamic
balance of individuals with unilateral knee OA. On one
occasion, twenty participants with unilateral knee OA
completed the star excursion balance test (SEBT) in all
eight directions (anterior, anteromedial, medial,
posteromedial, posterior, posterolateral, lateral, and
anterolateral) on both affected and unaffected limbs, before
and after a supervised exercise program. The exercise
program consisted of 30 minutes of stretching and
strengthening of the knee flexors and extensors. The SEBT
was quantified as the composite score from all 8 directions.
Participants also completed a Visual Analogue Scale (VAS)
of pain before and after exercise. A two-way
repeated-measures ANOVA revealed no significant
interaction nor difference between affected and unaffected
sides for SEBT. There was significant improvement in
SEBT composite score after exercise (7% and 5% post
exercise for the affected and unaffected limbs respectively).
VAS was not significantly different before and after
exercise. These results suggest that a single bout of
exercise improves acute dynamic balance performance in
both affected and unaffected limbs in individuals with
unilateral knee OA.
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1. Introduction

Osteoarthritis (OA) is a non-inflammatory disorder of
synovial joints that is characterized by loss of hyaline
cartilage and remodeling of the surrounding bone [1]. The
knee is one of the most commonly affected joints, and
poses a significant burden to the healthcare system
worldwide, affecting over 241 million people [2]. Knee OA
results in significant pain, decreased quadriceps muscle
strength, and impaired postural control and joint

proprioception [3]. Individuals suffering from knee OA
experience a progressive loss of function due to their
symptoms [4]. These symptoms can also lead to balance
impairments in individuals with OA compared to controls
[5]-

Exercise is an important component in managing OA,
irrespective of severity, because it reduces pain and
improves function [1]. Regular exercise, including
stretching and strengthening (often in exercise and/or
physiotherapy programs), is the standard of care for
individuals with knee OA [6]. Additionally, exercise
programs have been shown to improve balance when
evaluated long term [7, 8]. However, there is a lack of
research evaluating the acute effects of exercise in this
population.

It has been reported that pre-exercise warm-ups improve
the dynamic and static balance of healthy populations [9].
Therefore, exercise may acutely facilitate neuromuscular
control, reduce stiffness and significantly improve
dynamic balance in individuals with knee OA.
Alternatively, muscular fatigue that may acutely negate
these benefits [10].

Given that falls are a devastating injury in the elderly
[11], and that prescribed exercise programs improve
balance [12, 13], it is important to evaluate the acute effects
of a single bout of exercise on balance performance in
individuals with OA.

The purpose of this study was to determine the acute
effect of exercise on dynamic balance of individuals with
knee OA. It was hypothesized that individuals with
unilateral knee OA would have larger composite star
excursion balance test (SEBT) reach distance after
completing an exercise session. It was also hypothesized
that the changes would be larger on the contralateral limb
than on the limb with osteoarthritis.

2. Materials and Methods

2.1. Study Design

This study used an experimental, repeated measures
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design evaluating the effects of a single session of exercise
on dynamic balance by measuring the Star Excursion
Balance Test (SEBT) before and after an exercise session.
Participants attended one experimental session.

2.2. Participants

Individuals with clinical knee OA according to the
Altman classification were eligible for the study [14]. The
Altman classification requires knee pain with at least three
of six clinical findings including age greater than 50 years,
morning stiffness less than 30 minutes, crepitus, bony
tenderness on the joint, bony enlargement, and lack of
palpable warmth [14]. Exclusion criteria included previous
joint replacement, inflammatory or infectious arthritis of
the knee, major neurological disorder, major medical
illness, inability to read English, psychiatric illness that
limits informed consent, inability to exercise for 30
minutes, and inability to stand on one limb for five
seconds.

The study participants were recruited via posters at a
community physician’s office. A sample of 20 individuals
with unilateral knee OA, 5 men and 15 women, aged 64 =9
years, were tested.

2.3. Outcome Measures

The star excursion balance test (SEBT) was performed
using all eight directions [15]. Pain was assessed before
and after exercise session using a Visual Analogue Scale
(VAS). The Knee Injury and Osteoarthritis Outcome Score
(KOOS) was assessed at beginning of the session. The
participant’s age, height, weight and leg length (anterior
superior iliac spine to the ipsilateral medial malleolus)
were recorded. Balance measurements were performed on
both limbs, with the participants' contralateral limb used as
a control.

2.3.1. Visual Analogue Scale of Pain

A VAS was used to measure pain before and after the
exercise session, preceding the SEBT protocols. The VAS
is a tool that measures a characteristic (pain) on a
horizontal line continuum, 100 mm in length, with visual
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labels designating that the left side indicates no pain and
the right side indicates most possible pain [16]. The VAS is
a reliable tool for looking at change within an individual
[16, 17].

2.3.2. KOOS

The KOOS is a 42-item self-administered questionnaire
that covers five patient-relevant dimensions: pain (9
questions), other disease-specific symptoms (7 questions),
daily living function (17 questions), sport and recreation
function (5 questions), and knee-related quality of life (4
questions). The KOOS is the most commonly used
outcome instrument for assessment of patient-relevant
treatment effects in osteoarthritis, and it takes
approximately 10 minutes to administer [18]. Each
subscale has a number of questions that are rated with a
Likert scale from zero to four. The total score ranges from
0-100, where a score of zero indicates extreme knee
problems while a score of 100 indicates no knee problems
[18].

2.3.3. SEBT

There is considerable variability in the way that different
studies have performed the SEBT protocol. This study was
modeled after research that also evaluated individuals with
knee OA [8]. The SEBT was performed using eight lines
taped to the floor, each at 45° to each other, with
centimeters marked to determine reach distance (Figure 1).
Participants performed the test barefoot. The participant
positioned their stance leg at the centre of the star, with the
first medial cuneiform and arch of the foot over the centre
mark. The participant reached with the opposite leg as far
as possible in the specified direction while maintaining
balance on the stance leg. They made a light touch with
their toe at the maximal reach and returned to the original
double leg stance position. The average of the reach lengths
in each of the eight directions was normalized as a
percentage of leg length [19]. Leg length is defined as the
length from the anterior superior iliac spine (ASIS) to the
most distal portion of the medial malleolus [19]. The
composite score was calculated as the average of the eight
reach directions [20].
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The star excursion balance test set up for the left and right stance legs.
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The participant was required to keep their hands on their
hips for the entire trial, and the stance foot could not move.
One observer performed all measurements to reduce
variability. They monitored the participant’s position and
record the maximal reach distance for each trial. Trials
were discarded and repeated if the observer determined that
1) an appropriate position of the stance limb was not
maintained with the knee moving out of line with the toe, 2)
the stance foot was lifted or moved from the centre of the
grid, 3) the participant did not touch down, or touched
down more than once, during the trial, 4) considerable
support was put in the reaching leg when touching the
ground, 5) the participant lost balance at any point or failed
to return to the starting position, 6) their hands came off
their hips.

All participants received verbal instructions and
watched a demonstration of the test before completing the
SEBT. One practice trial was performed standing on the
unaffected leg in each of the eight directions, and one
practice trial was repeated in each direction standing on
the affected leg. The order of test direction was performed
as follows, relative to stance leg: anterior, anteromedial,
medial, posteromedial, posterior, posterolateral, lateral,
and anterolateral (Figure 1). Three trials were recorded
consecutively for each test direction and the average was
calculated and wused in subsequent analyses. All
participants performed the SEBT on their unaffected leg
first and then on their affected leg.

2.4. Statistical Analysis

The statistical significance of differences in composite
reach scores, and VAS scores, from before and after the
exercise session, and between the arthritic and non-arthritic
limbs, were determined using two-way repeated measures
ANOVAs. All statistical analyses were performed using
GraphPad Prism (version 6.00 for Mac OS, GraphPad
Software, La Jolla California USA, www.graphpad.com).
Partial Eta squared values of effect size (np?) were
calculated using an  open-access  spreadsheet
(http://openscienceframework.org/project/ixGed).

2.5. Exercise Program

This study used an established exercise routine that
emphasizes optimal alignment of the trunk and lower limb
joints relative to one another, as well as quality of
movement performance, while dynamically and
functionally strengthening the lower limb muscles [6]. It
is fully described in the supplementary material associated
with [6], and can be accessed at
https://static-content.springer.com/esm/art%3A10.1186%
2F1471-2474-12-276/MediaObjects/12891 2011 1294
MOESMI1 _ESM.doc. All of the stretches and exercises
were completed on both the affected and unaffected limb.
The exercise program took approximately 30-40 minutes

to complete.

3. Results

The KOOS results indicated that all participants suffered
from moderate to severe symptoms in their affected limb
(Table 1). There was no statistically significant interaction
for the VAS score between the affected/unaffected limb
and pre/post exercise (F=0.24, p=0.63, 1,2=0.01; Figure
2). There was a significant main effect of limb on the VAS
score between pre- and post-exercise conditions (F=36.27,
p<0.0001, n,2=0.66; Figure 2), but no significant main
effect of time (F=0.13, p=0.72, n,2=0.01; Figure 2).

Table 1. KOOS score of subscales Pain, Symptoms, Activities of Daily
Living, Sport and Recreation, and Quality of Life.
Subscale* mean +/- SD
Pain 53.70 +/- 15.42
Symptoms 52.55+/-15.12
ADL 60.69 +/- 17.51
Sport/Rec 33.10 +/- 19.40
QOL 41.37 +/- 18.59

*A score of 100 indicates no knee problems and 0 indicates extreme
knee problems.
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Figure 2. Mean VAS score on a 100 mm continuum from before and
after exercise on both the affected and unaffected limbs. There was a
statistically significant difference between limbs, but no significant
interaction and no significant difference between pre and post exercise.

Considering the composite reach scores, there was no
statistically ~ significant  interaction  between  the
affected/unaffected limb and pre/post exercise (F=2.1,
p=0.16, n1,2=0.12; Figure 3). There was a significant main
effect of time on composite reach score between pre- and
post-exercise conditions (F=83.43, p<0.0001, 1,%2=0.77;
Figure 3).

The mean composite reach score improved 7% and 5%
post exercise for both the affected and unaffected limbs,
respectively. There was no significant main effect of
affected/unaffected limb (F=0.05, p=0.83, 1,2=0.04).
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Figure 3. Mean normalized (% of leg length) composite SEBT reach
values before and after exercise for both the affected and unaffected legs.

4. Discussion

The purpose of this study was to determine the acute
effect of exercise on dynamic balance of individuals with
unilateral knee osteoarthritis. It was hypothesized that
individuals with knee OA would have a larger composite
SEBT reach distance after completing an exercise session.
We observed a significant increase in balance performance
after the exercise session on both the affected and
unaffected leg, which is consistent with our hypothesis.
The medium effect size indicates that this increase has
practical significance. Additionally, the VAS data also
suggests that a single exercise session does not acutely
increase pain in limbs with knee OA.

It was also hypothesized that the changes would be
larger on the contralateral limb than on the limb with
osteoarthritis. There was no significant difference between
affected and unaffected limbs either before or after exercise,
and no significant interaction, which does not support this
hypothesis. There was a trivial effect size for all of these
comparisons supporting that they are not practically
important. There are several potential factors that could
have contributed to this observation. For example, recent
research evaluated three SEBT reach directions (y-balance
test) and determined that the posteromedial and
posterolateral reach directions of the SEBT can detect
neuromuscular control deficits in individuals with anterior
cruciate ligament deficiency, but that the anterior reach
direction was not different [21]. In contrast, other
researchers have reported significant differences in the
anterior reach distances in individuals with lateral ankle
sprains compared to controls [22]. Accordingly, our
quantification of the SEBT using the composite reach
measure, which incorporates all eight reach directions, may
effectively dilute changes in individual reach directions.

Electromyography (EMG) data has suggested that
gastrocnemius, gluteus maximus, and vastus medialis were
activated for every direction of the SEBT, but that the

remainder of the hip/thigh and lower extremity muscle
activation in healthy populations varied between reach
directions [23, 24]. Studies focusing on muscle activation
during gait in individuals with knee OA have concluded
that muscle activation patterns change with increased
severity of OA [25]. Additionally, it has been reported that
during both level and stair climbing ambulation, patients
with knee OA were able to complete the tasks with the
same limb acceleration and movement compared to a
control group despite EMG data demonstrating
differentiated muscle group activation and coordination
[26]. It is possible that the SEBT could be performed using
compensatory muscle activation patterns, therefore
reducing reach distance differentiation between limbs.
Muscle activation was not monitored during the present
study; therefore it is unclear if the same muscle activation
patterns were present, which could have affected the
outcome. Additionally, joint kinematics were not observed.
When the SEBT has been used in injured populations, often
kinematic differences are evident between affected and
control tests, particularly in hip and knee flexion [22]. Joint
kinematic and muscle activation data would be helpful in
order to evaluate whether the SEBT movements were
performed the same way in each test.

If joint impairments are only a local result of knee OA,
then we would expect to observe a difference between
limbs in individuals with unilateral knee OA. One
investigation evaluating patients with lateral ankle sprains
demonstrated that joint flexion was different at both the
hip and knee on both the affected and unaffected limb
during the SEBT [22]. Despite the unilateral injury, there
was a clear bilateral impairment compared to healthy
controls [22]. A similar bilateral effect was observed as
individuals with unilateral knee OA have reduced joint
proprioception in their contralateral limb and their
affected limb [27]. This suggests that the poor spatial and
temporal coordination that affects kinematics caused by
knee OA is not necessarily localized to the affected limb
[27]. It could be the case in the present study that the OA
impairment has affected both limbs. This might account
for the lack of between-limb difference. If unilateral OA is
impacting function of both limbs, it is a further indication
that exercise should be included in clinical management as
it would be beneficial for both limbs.

The increase in SEBT composite score in the both the
affected and unaffected limb observed in the present study
is greater than the change observed in individuals with
OA following a 12 week exercise program (4.46%
increase in balance performance on the affected limb) [8].
Exercise treatment in individuals with OA has been shown
to reduce pain, improve strength, and improve function [1,
7]. This has been shown help reduce risk of falls in this
population [7]. The KOOS data indicated that all
participants in the present study experienced symptoms
ranging from moderate to severe that affected their daily
activities and quality of life. Previous studies have
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reported that the observed improvements in balance with a
six-week exercise program were comparable to the results
of the present study [28]. These balance improvements
were accompanied by improved KOOS scores in pain and
activities of daily living [28]. This suggests that the
observed increase in dynamic balance performance in the
present study may be functionally important for
individuals suffering from OA.

Some research has suggested that neuromuscular
fatigue may negatively affect balance and postural control
acutely [10, 29], but the present study did not observe any
negative changes in performance due to fatigue. The
exercises utilized in the present study were clinician
approved and consistent with guidelines for treatment of
knee OA [1, 6]. The balance improvements observed in
the present study suggest that exercise has an acute benefit
for individuals with knee OA, in addition to the
previously established long-term benefits.

4.1. Limitations

A potential limitation of this study is the lack of control
for diurnal variation. Knee OA symptoms, such as joint
pain and stiffness, fluctuate throughout the day in the OA
patients [30]. Clinical symptoms have been shown to
effect dynamic balance and postural control, especially
due to stiffness in the morning [31]. Therefore, the
participants that were seen in the morning may have
demonstrated more improvement than the people in early
afternoon or evening, as they would not have had the
same amount of stiffness [31].

Three quarters of the participants in this study were
female. There are sex differences in the clinical
presentation of knee OA due to knee anatomy, kinematics,
and hormonal influence [32]. Accordingly our findings
may not be generalizable, and should be interpreted with
caution. We recommend that this study be repeated with a
larger sample size, and a more equal number of male and
female participants. This would provide evidence about
the generalizability of our findings.

Previous literature supports the use of four practice
trials and three test trials in the SEBT protocol in healthy
individuals to account for learning effect [29, 33].
However, the present study evaluated all 8 directions in a
population with knee OA, which could be a significant
physical burden. Therefore, in order to ensure that the
participants could complete the test, the protocol was
modified to one practice trial and three test trials. The
average of three test trials was used to better represent
individuals’ true scores [34]. Therefore, there is the
potential that a learning effect occurred in the present
study.

5. Conclusions

In conclusion, these results suggest that a single

exercise session does not acutely increase pain in limbs
with knee OA. The results also suggest that exercise
improves dynamic balance performance in both affected
and unaffected limbs in individuals with unilateral knee
OA. This improved dynamic balance could potentially
increase limb function for affected populations. The
absence of pain or reduced dynamic balance ability
suggests that there are no contraindications to population
specific exercise for individuals with unilateral knee OA.
This supports the clinical use of exercise for the
management of unilateral knee OA.
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