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Knee osteoarthritis (OA) is the most common joint
disorder among elderly people [1]. About 25% of those
above 55 years of age have been reported as having
experienced a significant episode of knee pain in recent
years and approximately half of these reports were
related to some associated disability [2]. Patients with
knee OA suffer from progressive loss of function in
walking, ascending and descending stairs, and other
lower extremity tasks [3]. Balance is an integral com-
ponent of these activities in daily life. The impact of

knee OA on balance may elucidate possible mecha-
nisms of disability in these patients.

Balance is a complex function of numerous neuro-
muscular processes which include sensory, motor, and
integrated components [4]. Impairment in balance is
associated with falls and poor mobility in the elderly
population [5]. Structures around the knee joint are
easily affected in patients with knee OA. Loss of hya-
line articular cartilage and impairment of bony remod-
eling can even result in capsular damage and muscle
weakness [6]. Various deficits in neuromuscular per-
formance have recently been suggested as important
processes in OA [7]. Impairment of knee propriocep-
tion has consistently been related to individuals with
knee OA [8]. Balance control is a highly specific pro-
prioception in performance of daily activities. It is
also defined as the ability to control the body center
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Patients with knee osteoarthritis (OA) find that use of elastic knee sleeves gives them partial pain
relief and a greater sense of joint stability. However, the scientific effects of knee OA patients wear-
ing braces are unclear. The purpose of this study was to investigate the effects of knee sleeves on
static and dynamic balance in knee OA patients. Fifty patients with knee OA were enrolled in the
study and all subjects were randomly divided into two groups. Initially, subjects in group A did not
wear a neoprene sleeve while receiving balance tests but then wore them to be re-tested. Subjects
in group B did just the reverse procedure. In this investigation, an instrument (KAT 2000; Breg Inc.,
Vista, CA, USA), which quantified motor control performance of the lower extremities was used
and balance scores from the KAT 2000 software were obtained. The results revealed that the scores
of patients wearing braces were significantly lower than those of patients without braces (p < 0.05).
The finding of this study demonstrated that knee OA patients wearing knee sleeves could experience
increased balance ability in both static and dynamic conditions. The improvement might prevent
knee OA patients from falling down and increase their sense of security during physical activities.
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of gravity provided by the feet. Knee OA may result
in the deterioration of these systems. Therefore, sim-
ple, inexpensive, and easy treatments are required for
knee OA patients to enhance their balance.

Treatments of knee OA include alleviating pain, at-
tempting to correct mechanical malalignment, and
addressing knee joint manifestation. Joint replacements
and arthrodesis surgeries can relieve pain and improve
function for some older patients with advanced OA;
however, only a small proportion of such patients need
operative treatments [9]. Nonoperative treatments
for knee OA patients are currently a major healthcare
trend [10]. Conservative treatments include weight
loss, physical therapy, assistive devices, exercise, and
pharmacologic management [11]. Many methods and
approaches are aimed at promoting the balance of knee
OA patients. Some knee OA patients have found that
wearing elastic knee sleeves gives them partial pain
relief and a greater sense of joint stability [8]. Various
types of knee braces have also been used for preven-
tion of joint degeneration or functional improvement
in knee OA patients.

Wearing an orthosis for knee OA patients is impor-
tant for their balance; however, the underlying mech-
anisms of bracing effects are unclear. The clinical
efficacy of wearing knee sleeves has also been evalu-
ated by quantitative analysis in a few randomized
studies [12,13]. The purpose of this study was to inves-
tigate the effect of knee sleeves on static and dynamic
balance in knee OA patients. The hypothesis was that
knee sleeves could improve the balance of knee OA
patients in both static and dynamic conditions.

PATIENTS AND METHODS

Patients
All recruited subjects experienced knee pain and were
diagnosed with knee OA. They all met the criteria of the
American College of Rheumatology for knee OA [14]
and were treated at the Department of Physical Medi-
cine and Rehabilitation of Kaohsiung Medical Univer-
sity Chung-Ho Memorial Hospital (KMUH), between
August 2004 and June 2005. This study was approved
by the institutional review board of KMUH. Each par-
ticipant signed an informed consent. Patients with (1)
prior leg fractures, (2) other types of arthritis, (3) any
previous knee surgery, and (4) neurologic disease such
as stroke or Parkinson’s disease were excluded.

All subjects were randomly divided into two groups
(group A and group B). Custom-manufactured neo-
prene sleeves (CB0601; Zong-Hsin Factory, Kaohsiung,
Taiwan) were used for knee balance in this study
(Figure 1). Initially, subjects in group A did not wear
a neoprene sleeve while receiving the balance tests
but then donned them at the retest. Subjects in group B
received the reverse procedure of group A.

Instrumentation
A balance system machine (KAT 2000; Breg Inc., Vista,
CA, USA) for quantifying motor performance of the
lower extremities was used (Figure 2A). The balance
system consists of a circular platform supported at its
central point on a pivot. The stability of the platform
is controlled by varying the pressure in a pneumatic
bladder that rests between the platform and the base
of the unit. The platform is instrumented with a two-
axis tilt sensor, which quantifies the position of the plat-
form in two planes. Tilt displacement data (ordered
pairs measured in degrees of tilt referenced to the 
X and Y axes) is acquired via a computerized A/D data
acquisition system at a rate of 25 Hz as a function of
time. A specially designed software program includes
routines for static balance testing (characterization of
the ability to stabilize or equilibrate the platform in
either single or double leg stance) and dynamic balance
testing (controlled movement or tilting of the platform
in response to visual cues during double leg stance
only). Balance scores (Figure 2B) from the KAT 2000
were obtained according to the position away from the
referred point (zero point). A score is calculated by

Figure 1. Custom-manufactured neoprene sleeves (CB0601;
Zong-Hsin Factory, Kaohsiung, Taiwan).
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measuring the distance from the tilted position to the
reference position and adding up the absolute numbers
over the duration (approximately 30 seconds) of the
test [15]. Lower scores indicated better balance per-
formance. When the score was equal to zero, balance
function was considered perfect.

Procedure
The subjects performed the tests barefoot and were
asked to stand with their body central line perpendi-
cular to the floor and slightly spread their legs so that
their feet were aligned with their shoulders. They could
slightly adjust their posture until they felt comfort-
able with the proper position. Subjects were tested
with knee flexed at approximately 10° and with their
arms across their chests. Each subject was given at least
a 5-minute practice period to become familiar with the
balance device.

For the static balance test, the subjects were in-
structed to keep the platform as level as possible for
about 30 seconds. For the dynamic balance test, the
subjects had to move the platform in a circular direc-
tion while chasing a moving object on a computer
screen for about 30 seconds. All subjects completed
three consecutive balance trials in both static and
dynamic conditions on the platform.

By viewing the monitor, subjects could judge their
balance function. They did their best to maintain
their center of gravity in the referred position so that
they could get the minimum scores. A 10-minute rest-
ing time was provided between static and dynamic
trials. Another 10-minute resting time was provided

between the test while wearing knee sleeves and that
without knee sleeves.

Data analysis
The assessments of patients’ balance performance were
according to the paths of the center of pressure on the
monitor. The scores were averaged from the three trials.
The paired t test was used to compare subjects wearing
or not wearing a neoprene sleeve in both static and
dynamic status. Statistical analyses were performed
using the Statistical Package for the Social Sciences
(SPSS version 11; SPSS Inc., Chicago, IL, USA). The p <
0.05 level was used to denote statistical significance.

RESULTS

Eight male and 42 female patients aged 40–78 years
were enrolled in the study. The characteristics of the
subjects are shown in the Table. In both groups, 
the mean values (standard deviation) of patients’ ages

Platform stability

Two axis tilt sensor

Unstable platform

Back: 733

Front: 770

Right: 791Left: 712

Q1: 394Q2: 376

Q3: 335 Q4: 397

BA

Figure 2. (A) The instrument for balance assessment (KAT 2000; Breg Inc., Vista, CA, USA). (B) An example of balance scores.

Table. Characteristics of patients with knee osteoarthritis

Group A Group B
(n = 25) (n = 25)

Age (yr)
Range 44–76 40–78
Mean ± standard 61.24 ± 8.8 64.32 ± 10.4
deviation

Males (n) 4 4

Females (n) 21 21
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were 61.24 (8.8) and 64.32 (10.4) respectively. Age
showed no significant difference in both groups. For
static balance, the scores of the patients wearing neo-
prene sleeves in group A (186.5 ± 80.1) were signifi-
cantly lower than those in patients without knee
sleeves (259.4 ± 115.2) (Figure 3); however, there was
no significant difference in group B (Figure 4). For
dynamic balance, scores of patients wearing knee
sleeves (1,205.6 ± 328.9) were significantly lower than
those of patients without knee sleeves (1,300.2 ± 362.4)
in group A (Figure 5). A similar result was also found in
group B (Figure 6).

DISCUSSION

The results of our study demonstrated that knee OA
patients wearing knee sleeves showed better balance
control in static and dynamic conditions than those
without neoprene sleeves. Scores of patients wearing

neoprene sleeves were reduced to 28% compared to
those without neoprene sleeves in the static balance
test, but there was no statistical significance in group B.
In the dynamic balance test, scores of patients wear-
ing neoprene sleeves were reduced to 8% in group A
and 7% in group B. There was statistical significance in
both groups. Therefore, the neoprene sleeves offered
knee OApatients good balance control in both dynamic
and static conditions.

The control of balance is a complex process. Pre-
vious investigators have demonstrated that proprio-
ception and muscle strength of lower limbs appear to
be important determinants of balance in the elderly
[16–18]. The decline of strength and balance might be
related to falls in the elderly [19–20]. These mecha-
nisms might be observed in the balance deficit for
knee OA patients. Individuals with knee OA also dis-
played some impairment in their postural control. It
was more prominent in the dynamic conditions [4].
From these results, wearing knee sleeves seems to play
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Figure 3. Static balance test in group A. Balance scores of patients
wearing neoprene sleeves and those not wearing sleeves. Values
are presented as mean ± standard deviation. *p < 0.05.

Figure 4. Static balance test in group B. Balance scores of patients
wearing neoprene sleeves and those not wearing sleeves. Values
are presented as mean ± standard deviation.
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Figure 5. Dynamic balance test in group A. Balance scores of
patients wearing neoprene sleeves and those not wearing sleeves.
Values are presented as mean ± standard deviation. *p < 0.05.

Figure 6. Dynamic balance test in group B. Balance scores of
patients wearing neoprene sleeves and those not wearing sleeves.
Values are presented as mean ± standard deviation. *p < 0.05.
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an important role in increasing dynamic function for
patients with knee OA.

Simple and inexpensive devices to improve bal-
ance can be recommended for knee OA patients. Knee
sleeves, a kind of rehabilitational orthosis, are expand-
able with slip-on characteristics and are usually made
of neoprene with a nylon cover. These devices provide
warmth and even compression that may enhance knee
joint proprioception [21–23]. Valgus braces have been
reported to decrease pain and improve function in knee
OA patients [24–26]. Patients may gain symptomatic
relief after using simple knee braces. This might be elic-
ited through an improvement in joint-position sense [6].
Therefore, patients wearing knee sleeves may improve
knee joint proprioception and then increase static and
dynamic function in daily activities.

A commercially available balance assessment de-
vice (KAT 2000; Breg Inc.) was specially calibrated for
this investigation. The reliability and reproducibility
of this balance system has been well described [15]. 
A software program was also specifically developed
for data acquisition and analysis. Scores of balance
functions could be calculated and real-time results 
of balance performance were immediately displayed
on the monitor. This device is convenient and might
be valid in assessing postural balance abilities for
patients with knee OA.

There were some limitations in this study. This was
a cross-sectional study and gender distribution was not
easily controlled due to the high prevalence of female
subjects with knee OA. In the future, a long-term study
of the effects of wearing neoprene sleeves for knee OA
patients will be required. Knee sleeves do not provide
ligamentous support, therefore, they cannot give suffi-
cient fixation in unstable knee joints. Wearing knee
sleeves over a long period may result in joint swelling.
These symptoms could impede venous and lymphatic
return around the knee joints. Therefore, patients wear-
ing knee sleeves should be educated on programs of
quadriceps and hamstring flexibility and strengthening
exercises [27].

The findings of this study demonstrate that knee
OA patients could improve their balance function in
both static and dynamic conditions after wearing knee
sleeves. The improvement might prevent knee OA
patients from falling down and increase their sense
of security during physical activities. The neoprene
sleeve, a less cumbersome and less costly alternative,
has been accepted clinically on the basis of subjective

performance. Therefore, it is effective to wear knee
sleeves for knee OA patients during performance of
static and dynamic activities.
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