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Objective: To describe the effects of proprioceptive training
on pain, stiffness, function, and functional test outcomes among
patients with knee osteoarthritis (OA).

Data Sources: All studies completed from 1946 to 2017
were obtained from 4 databases (PubMed, MEDLINE, CINAHL,
and SPORTDiscus).

Study Selection: Three reviewers independently identified
appropriate studies and extracted data.

Data Extraction: Methodologic quality and level of evidence
were assessed using the Physiotherapy Evidence Database
scale and Oxford Centre for Evidence-Based Medicine guide-
lines. The standardized mean differences (SMDs) and 95%
confidence intervals (CIs) were calculated for pain, stiffness,
function, and functional test outcomes.

Data Synthesis: Seven randomized controlled trials involv-
ing 558 patients with knee OA met the inclusion criteria. The
selected studies had Physiotherapy Evidence Database scores
of 6 to 8. All randomized controlled trials had an Oxford Centre
for Evidence-Based Medicine level of evidence of 2. Meta-

analysis of the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) pain subscale (SMD ¼ �0.56;
95% CI ¼�1.06, �0.07; P ¼ .026), function subscale (SMD ¼
�0.40; 95% CI ¼ �0.59, �0.21; P , .001), and non-WOMAC
walking speed test (SMD ¼�1.07; 95% CI ¼�2.12, �0.01; P ¼
.048) revealed that proprioceptive training had significant
treatment effects. Proprioceptive training was not associated
with reductions in WOMAC stiffness subscale scores and did not
improve non-WOMAC get-up-and-go scores.

Conclusions: Proprioceptive training effectively promoted
pain relief and completion of functional daily activity among
patients with knee OA and should be included in rehabilitation
programs. Stiffness and other mobility measures were un-
changed after proprioceptive training. Modified proprioceptive
training programs are needed to target stiffness and improve
additional physical function domains.

Key Words: knee, pain, exercise therapy, physical function,
rehabilitation

Key Points

� Proprioceptive training enhanced pain relief and physical function during activities of daily living in people with knee
osteoarthritis.

� Evidence-based proprioceptive training should include neuromuscular control elements, with coordinated trunk and
lower extremity strengthening, at a frequency of 3 to 4 times per week, for 30 to 40 minutes per session.

A
pproximately 250 million people worldwide (3.6%
of the population) have knee osteoarthritis (OA),1

which is characterized by degradation of the joint
cartilage and underlying bone, leading to joint pain,
stiffness, and physical disability.2 Knee OA is the most
common form of arthritis associated with functional
impairment in middle-aged and elderly people.2,3 Recom-
mended interventions for patients with knee OA include
combined nonmedical and medical therapies, with surgical
intervention when needed.4 Nonmedical approaches, such
as therapeutic exercise, changes in lifestyle, activity pacing,
and weight loss, are intended to unburden the damaged
joint.5

Recent studies6–12 suggested a potential association
between impaired knee proprioception and pathologic
changes during the early stages of knee OA. Proprioception

is provided by proprioceptors in skeletal muscles, tendons,

and the fibrous capsules in joints.13 As the knee muscles,

tendons, ligaments, and joint capsules in the patients with

knee OA become weakened and damaged, proprioceptive

sensation can also decrease.13,14 Furthermore, propriocep-

tive impairments may predispose patients with knee OA to

pain or disability.15,16 According to Smith et al14 and Knoop

et al,17 articular mechanoreceptor impairment, muscle

weakness with muscle-spindle sensitivity, inflammation,

and a history of knee injuries, such as anterior cruciate

ligament or meniscal injury, are factors that cause impaired

proprioception in patients with knee OA.18,19 However,

these authors14,17 acknowledged the limitations of the

available evidence and lack of consensus regarding these

factors.
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Several researchers14,17 have summarized the evidence on
the efficacy of proprioceptive or proprioceptive-type
training for knee OA. Many studies14,20,21 lacked consistent
exercise protocols or longitudinal outcome data. Well-
constructed and well-powered randomized controlled trials
(RCTs) on proprioceptive training for knee OA are
lacking.14,17 In similar review studies,14,17 the effects of
general proprioceptive training for knee OA were investi-
gated. However, no specific proprioceptive training recom-
mendations were made. To examine the effects of the
intervention training in more detail, we applied the Oxford
Centre for Evidence-Based Medicine (OCEBM) guidelines
for the methodologic assessment of the recent RCTs and
minimum clinically important difference (MCID) to
evaluate clinical effects, followed by the meta-analysis of
effectiveness outcomes of proprioceptive training. There-
fore, the purpose of our meta-analysis of existing studies
was to determine the effects of proprioceptive training on
pain, stiffness, function, and functional test results in
patients with knee OA.

METHODS

Data Sources and Search Strategy

We retrieved relevant studies from the electronic
databases PubMed (1951 to the present), MEDLINE (via
EBSCOhost; 1946 to the present), CINAHL (via EBSCO-
host; 1981 to the present), and SPORTDiscus (via
EBSCOhost; 1958 to the present). All databases were
searched from their implementation to the present. The
following search keywords were used: (pain OR KOOS OR
Tegner OR WOMAC OR IKDC OR function) AND (OA OR
osteoarthritis) AND knee AND (neuromuscular OR balance
OR proprioceptive) AND (therapy OR exercise OR
training) NOT surgery.

Inclusion Criteria

We examined full texts of relevant articles to determine
their eligibility. Inclusion criteria were as follows: (1) RCT
of the effects of proprioceptive training on knee OA; (2)
English language; (3) adult patients with knee OA and
reported outcome measures, including pain, stiffness,
function, and mobility; and (4) �50 years of age, grade 3
of OA or lower on the Kellgren and Lawrence plain
radiograph classification, and a history of chronic knee OA.
The following patient outcome measures were identified for
further analysis: (1) pain (visual analog scale, numeric
rating scale, Western Ontario and McMaster Universities
Osteoarthritis Index [WOMAC] scale, Knee Injury and
Osteoarthritis Outcome Score [KOOS], and International
Knee Documentation Committee [IKDC] Knee Forms), (2)
stiffness (WOMAC, KOOS, and IKDC), (3) physical
function questionnaire outcome (WOMAC, KOOS, IKDC,
Tegner activity scale, and Short Form-36 Health Survey),
and (4) physical function test (Berg Balance Scale,
walking-speed timed test [WST], get-up-and-go [GUAG]
test, chair stand test, and 6-minute walk test).

Exclusion Criteria

The exclusion criteria were as follows: (1) nonhuman
participants, (2) a language other than English, (3) no full
text available, or (4) lack of statistical data description. We

excluded all duplicate papers. Reports involving partici-
pants who had undergone knee surgery or who had a history
of rheumatoid arthritis were also excluded. Studies of
whole-body vibration or water training were excluded.
Because the number of studies was limited, we did not
restrict them based on design (ie, RCTs, cohort, and case-
control studies were included). Based on the criteria for OA
of the knee by Altman et al,22 these studies were selected in
the category of clinical examination and laboratory tests.

Study Selection

Three reviewers independently examined article titles and
abstracts and excluded irrelevant studies. We assessed the
remaining full-text articles to determine whether they
fulfilled the inclusion criteria. A summary of the selected
studies is presented in Table 1. Any disagreements regarding
study selection and critical appraisal were resolved by
further discussion, and only studies that achieved a clear
consensus for inclusion were analyzed and reported.

Methodologic Quality Assessment

We used the Physiotherapy Evidence Database (PEDro)
Scale and OCEBM guidelines. These tools have high
reliability and validity and were, therefore, used to assess
the methodologic quality of the individual RCTs.23,24 The
OCEBM levels of evidence are arranged in a ranking
system to describe the strength of the results for use in
evidence-based practice.25

Data Extraction and Analysis

MedCalc software (version 17.2; MedCalc, Mariakerke,
Belgium) was used for the meta-analysis. We calculated the
standardized mean differences (SMDs) and 95% confidence
intervals (CIs) from the postintervention means and standard
deviations reported for each study.26 The SMD, a measure of
the effect size, is the mean divided by the standard deviation
of the difference between the values of the 2 groups. The
Cohen interpretation of the SMD statistic is that a value of 0.2
indicates a small effect; 0.5, medium effect; and �0.8, a large
effect.27 When the authors did not report standard deviations,
we converted 95% CIs and standard errors to standard
deviations.28 The Cochran Q and I2 test were performed to
examine the heterogeneity (homogeneity) of the selected
studies. When Q is larger than its expected value E[Q] under
the null hypothesis of no heterogeneity, the difference Q –
E[Q] can be used to obtain the best estimate of heterogene-
ity.29 A test to quantify heterogeneity, I2 ranges from 0% to
100%; the higher the percentage, the greater the heterogeneity.
It is interpreted as follows; 20% to 50%, low; 50% to 75%,
moderate; and .75%, high heterogeneity. The random-effects
model was adopted to combine the studies when the I2 was
significant (P , .05). Otherwise, the fixed-effects model was
adopted.30 We set an a priori a level of .05 for between-groups
differences, regardless of variable follow-up times. The MCID
was calculated using distribution-based approaches.31

RESULTS

Literature Search

The flowchart presented in Figure 1 follows the Preferred
Reporting Items for Systematic Reviews and Meta-
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Analyses (PRISMA).32 The first search identified a total of
565 relevant studies. After exclusions, 7 studies (558
patients) were included in this meta-analysis.

Methodologic Quality Assessment

All 7 studies received good-quality PEDro scores (�6;
Table 1). Three studies33–35 had scores of 8, which indicates
high methodologic quality, and 4 studies36–39 had scores of
6. All studies displayed OCEBM level of evidence of 2, and
acceptable random allocation and baseline homogeneity
were reported. Participants were blinded in 2 of the selected
studies, and assessors were blinded in 5 of the selected
studies (Table 1). The methodologic limitations of each
study are described in Table 2. All investigators reported
between-groups comparisons and point estimates. Five
studies33–35,38,39 used intention-to-treat analyses.

Pain

Investigators in 4 studies34,36–38 used the WOMAC pain
subscale to measure the effects of proprioceptive training
on self-reported pain. The meta-analysis for the effect of
the intervention on pain reduction is presented via a forest

plot in Figure 2A. Because Q testing showed P , .05 for
pain, we used a random-effects model (N¼208, Q¼8.63, p
for heterogeneity ¼ 0.035, I2 ¼ 65%; P ¼ .026). A
moderately strong negative effect size was found for pain
(SMD ¼ �0.56), indicating postintervention pain allevia-
tion.27 Because the CI of the effect size did not cross zero,
proprioceptive training appeared to be effective in decreas-
ing pain among patients with knee OA. The MCID ranged
from 0.3 to 2.1 for pain in each study.

Stiffness

The authors of 3 studies36–38 used the WOMAC stiffness
subscale as an outcome measure to assess the effects of
proprioceptive training on self-reported stiffness. The meta-
analysis for the effect of the intervention on stiffness
reduction is presented via a forest plot in Figure 2B.
Because Q testing resulted in P . .05 for stiffness, a fixed-
effects model was used (N ¼ 136, Q ¼ 0.15, P for
heterogeneity ¼ .93, I2 ¼ 0.0%; P ¼ .528). The effect size
for stiffness was small (SMD ¼ �0.11), indicating less
stiffness postintervention.27 However, this value did not

Table 2. Allocation Concealment and Blinding

Concealment and Blinding

Rogers

et al36

(2012)

Duman

et al37

(2012)

Fitzgerald

et al33

(2011)

Lin

et al34

(2009)

Chaipinyo and

Karoonsupcharoen35

(2009)

Diracoglu

et al38

(2008)

Diracoglu

et al39

(2005)

Random allocation of the subjects? Yes Yes Yes Yes Yes Yes Yes

Allocation was concealed? Yes No Yes Yes Yes No No

Blinding of all participants? Yes Yes No No No No No

Blinding of all therapists? No No No No No No No

Blinding of all assessors? No Yes Yes Yes Yes Yes No

Figure 1. Search strategy and flowchart of this meta-analysis.
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Figure 2. Forest plots of the meta-analysis for the standardized mean difference (SMD) in Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) for A, pain, B, WOMAC stiffness, C, WOMAC physical function, D, walking speed time, and E, get-up and go
for proprioceptive training. Abbreviation: CI, confidence interval.
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achieve statistical significance. The MCID ranged from 0.2
to 1.2 for stiffness in each study.

Physical Function

Researchers in 6 studies33,34,36–39 used the WOMAC
physical function subscale as an outcome measure to assess
the effects of proprioceptive training on self-reported
physical function. The meta-analysis for the effect of the
intervention on physical function is presented via a forest
plot in Figure 2C. Because Q testing demonstrated P . .05
for physical function, we used a fixed-effects model (N ¼
427, Q¼ 10.74, P for heterogeneity¼ .057, I2¼ 53%; P ,
.001). A moderately strong negative effect size was
observed for physical function (SMD ¼�0.40), indicating
improved postintervention physical function among pa-
tients with knee OA.27 The MCID ranged from 0.2 to 1.4
for physical function in each study.

Physical Function Tests

Investigators in 2 studies35,39 used the 10-m or 15-m WST
to assess the effects of proprioceptive training on physical
function and mobility. The meta-analysis for the effect of
the intervention on physical function (walking speed) is
presented via a forest plot in Figure 2D. Because Q testing
showed P , .05 for physical function, a random-effects
model was used (N¼ 102, Q¼ 5.89, P for heterogeneity¼
.015, I2 ¼ 83%; P ¼ .048). The effect size for physical
function was large (SMD¼�1.07), and the CI of the effect
size did not cross zero, indicating improved physical
functioning postintervention.27 The MCID ranged from 0.3
to 1.1 for WST in each study.

Researchers in 2 studies33,35 used the GUAG test to assess
the effects of proprioceptive training on mobility. The
meta-analysis for the effect of the intervention in improving
physical function (GUAG test) is presented via a forest plot
in Figure 2E. Because Q testing resulted in P , .05 for
mobility, we used a random-effects model (N ¼ 196, Q ¼
13.96, P for heterogeneity ¼ .0002, I2 ¼ 93%; P ¼ .251).
The effect size for mobility was large (SMD ¼ �0.83),
indicating improved mobility postintervention.27 However,
because the CI of the effect size crossed zero, propriocep-
tive training did not significantly improve mobility. The
MCID ranged from 0.3 to 0.3 for the GUAG category in
each study.

DISCUSSION

The major findings of this meta-analysis were that
proprioceptive training seemed to alleviate pain and
improve the walking speed of patients with knee OA. All
selected studies and patient outcomes demonstrated an
OCEBM level of evidence of 2, and methodologic qualities
were moderate. Proprioceptive training protocols included
in this meta-analysis involved neuromuscular control and
functional elements with both weight-bearing and non–
weight-bearing tasks.33–39 Our WOMAC-based findings
were as follows: proprioceptive training may be effective in
reducing pain (P , .001) and improving the physical
function (P¼ .002) of patients with knee OA. However, it
may not reduce stiffness. Proprioceptive training may
improve WST scores (P ¼ .048) but may not improve
mobility as measured by the GUAG test.

The RCTs included in this review involved patients older
than 50 years. Data from patients who had undergone knee
surgery or had rheumatoid arthritis were excluded. In other
words, only patients with degenerative knee OA were
investigated, not patients who developed OA as a result of
joint trauma. Therefore, it is difficult to determine whether
the effects of the proprioceptive training recommended in
this review can be applied to patients with OA that
developed after joint trauma or knee surgery. The effects of
proprioceptive training for patients with OA due to joint
trauma or surgery remain unclear because of pathologic
differences.

Results on the WOMAC pain subscale may improve after
proprioceptive training (Figure 2A). Pain is a major
symptom in patients with knee OA and is commonly
described as a sharp ache or burning sensation in the
muscles and tendons. Pain typically worsens with pro-
longed activity and exercise.22,40,41 This pain may result
from muscle weakness, OA-related inflammation and
effusion, impaired articular mechanoreceptors, and previ-
ous ligamentous or meniscal injury.17,19 Proprioceptive
training seems to be helpful in relieving pain among
patients with knee OA.42 Foot-stepping exercises involving
upward, downward, leftward, and rightward movements in
a weight-bearing or non–weight-bearing (ie, seated)
position, 3 times per week, for 30 to 40 minutes per
session, is suggested for relieving pain in patients with knee
OA.34,36,38 Therefore, for pain relief, proprioceptive training
may be more helpful than strength training and not
exercising for patients with knee OA.43 The intensity,
frequency, and time of training probably affect lower
extremity strength and activate neuromuscular metabolism
to relieve pain.44 Irrespective of the other exercises
performed, proprioceptive training including moderate-
intensity foot-stepping alleviated pain. However, future
authors should determine which combinations are most
effective. The moderate effect size indicates that pain may
not be dramatically reduced through this proprioceptive
intervention.

Also, the WOMAC stiffness subscale scores may not be
affected by proprioceptive training (P ¼ .528, Figure 2B).
Stiffness, particularly in the morning or after sitting for
long periods, is a major symptom in patients with knee OA
and typically lasts .30 minutes after beginning daily
activities and returns after periods of inactivity.22 Bone
swelling and friction resulting from knee-joint narrowing
make the knee stiff and less flexible.45 Increased stiffness
reduces the range of motion of the knee joint among
patients with knee OA; those with moderate to advanced
knee OA may find it difficult to straighten the knee.45 Knee
OA limits performance during activities of daily living,
including walking and running. Therefore, proprioceptive
training of moderate intensity and frequency may help
alleviate stiffness. In our analysis, this effect did not
achieve statistical significance (Table 1). Large-cohort
longitudinal studies of proprioceptive training will increase
our understanding of the effects of this intervention. They
should address stiffness in patients with knee OA or use
another intervention if the treatment goal is to reduce
stiffness due to a small effect size. Further research should
be conducted to investigate the effectiveness of the
intervention on joint stiffness.
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The review revealed that the physical function of patients
with knee OA might be significantly improved (P ¼ .002,
Figure 2C). The MCID for proprioceptive training was in
the small range for the physical function of patients with
OA. Knee OA limits physical activity because of pain and
stiffness, and proprioceptive training may improve physical
function by alleviating these symptoms.14,34 Proprioceptive
training improved neuromuscular coordination for sensori-
motor learning.34,38,46 Moreover, repeated proprioceptive
training with functional elements increased cumulative
neural inputs to the central nervous system via mechano-
receptors and proprioceptors in the joint capsules, liga-
ments, muscles, tendons, and skin.44,47,48 Konradsen et al49

reported that afferent inputs from muscles and tendons were
more important than those from ligamentous mechanore-
ceptors, possibly because of mechanical stabilization;
accordingly, in a number of studies, proprioceptive training
was implemented to address neuromuscular control and
coordination elements. Proprioceptive training programs
should include personalized neuromuscular-control and
balance exercises with a walking motion to improve
proprioception in patients with knee OA.34,38

The WST and GUAG tests assess functional mobility.
Proprioceptive training may have improved WST scores (P
¼ .048, Figure 2D). This training focused on dynamic
movements, such as forward, backward, and side steps,
rather than isometric exercises.35,39 To test functional
mobility, the GUAG requires both leg strength and gait
speed. Proprioceptive training had notable but nonsignifi-
cant effects on functional mobility (P ¼ .494, Figure 2E).
Considerable statistical heterogeneity existed between the 2
studies that used the GUAG test. The MCID of proprio-
ceptive training was in the small range for the WST and
GUAG scores of patients with OA. In both studies,35,39 the
sample sizes were too small to generalize the findings.
Larger-cohort RCTs are recommended for continued
exploration of these effects. Proprioceptive training im-
proved the speed and motion of upright walking in patients
with knee OA, even though it did not have a strength-
training component. Although more work is needed to
explain these findings, proprioceptive training with both
dynamic exercise and coordinated trunk and lower
extremity strength exercises, such as half-squats or half-
lunges, may be more beneficial than simple dynamic
exercises, such as footsteps.33–35,39

Our review had several limitations. First, the most
common methodologic drawback of the included studies
was the lack of patient and therapist blinding. Several
investigations involved small sample sizes. Few patient
outcomes could be analyzed in the context of a meta-
analysis. Even though we considered the outcomes of the
WST and GUAG tests from the Chaipinyo and Karoon-
supcharoen35 and Diracoglu et al39 studies as reflecting
proprioceptive interventions in our meta-analysis, fewer
than 33 patients were in each group, so it may be difficult to
generalize the finding of the functional mobility outcomes.
In the future, researchers should include a large number of
patients in the intervention group. More homogeneity (of
patients and outcome measurements) should provide further
evidence of the effectiveness of proprioceptive training. In
addition, authors of the included studies did not provide
insights about the long-term effects of proprioceptive
training, but some noted that patients who performed

proprioceptive training displayed better walking on soft
surfaces than those who underwent strength training. This
area needs further research.

Despite these limitations, our review has implications for
clinical practice. Proprioceptive training consisting of a
special exercise program intended to improve kinesthetic
sensation and movement in the lower extremities enhanced
functional movement. Improving proprioception in patients
with knee OA may have positive effects on pain relief and
daily activities.

CONCLUSIONS

Among people with knee OA, proprioceptive training
may relieve pain and improve physical function during
activities of daily living. This training should include
neuromuscular-control elements, with coordinated trunk
and lower extremity strengthening, at an average frequency
of 3 to 4 times per week for 30 to 40 minutes per session.
Under these conditions, proprioceptive training may
improve the physical function of patients with knee OA.
Although proprioceptive training was in the low range of
MCID, it may be a useful exercise program for preventing
adverse clinical symptoms associated with knee OA.
Randomized controlled trials with methodologic controls
should build on existing evidence. Long-term follow-up
studies with standardized outcomes in a homogeneous
cohort of patients with knee OA at the first clinic visit will
advance our understanding of proprioceptive training.

Recommended Proprioceptive Training for Knee OA
� An average of 3 to 4 times per week, 30 to 40 minutes per

session
� Foot stepping using the leg-press machine (sitting

position, multiple-direction steps)
� Modified Romberg exercise (hard and soft ground with

eyes closed)
� Standing on 1 leg (eyes open and closed)
� Walking on heel and toes (forward, backward, left, right,

carioca crossover with eyes open and closed)
� Half squat on soft ground (standard and side-step

position)
� Knee-flexion and -extension exercise (sitting position

with chair and TheraBand [Akron, OH])
� Biomechanical Ankle Platform System (AliMed Inc,

Dedham, MA) board balance and mini trampoline
(jumping and jogging)
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