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Knee osteoarthritis (KOA) is a degenerative muscu-
loskeletal disorder with symptoms that include severe
pain and stiffness, which lead to limited mobility and
disability 1). Individuals with KOA often have impaired
general health 2), poor quality of life 3), and reduced
functional capacity 4). Conservative and pharmaco-
logic interventions are used to maintain quality of life
in KOA patients by reducing pain and improving knee
function. As pharmacologic interventions may cause
adverse gastrointestinal and renal effects 5), conser-
vative and alternative interventions are often used.
Kinesio Taping (KT) is a commonly used, highly
accessible conservative intervention that increases
muscle flexibility and strength, and improves propri-
oception in patients with various musculoskeletal
disorders 6-9), particularly for KOA patients 10,11). 

Muscle synergy, functional coupling of muscle
groups that constrains them to act as a single unit 12),
is a pattern of muscle co-activation initiated by a

single neural signal 13). If one muscle in a synergistic
group is weak or produces pain, the other muscles
become even more active. The lower limbs have mul-
tiple functions in posture, balance, and walking 14). In
the lower limbs, synergistic muscle action produces
flexion and extension movement patterns through
activation of muscles in a proprioception neuromus-
cular facilitation (PNF). The flexion pattern in PNF
involves synergy of the hamstrings and tibialis ante-
rior, while the extension pattern involves synergy of
the quadriceps muscles (QM) and the gastrocnemius
muscle (GM). In a previous study, QM-GM co-acti-
vation increased during activities of daily living such
as walking, stair ascent, and stair descent 15). KOA
patients inevitably develop compensatory muscle
activation to maintain joint function 16). Studies
investigating KT application in KOA patients involved
only the QM 10, 11), and the benefits of KT application in
PNF pattern for improving weight-bearing distribu-
tion (WBD) and walking in KOA patients are unclear. 
This study was designed to investigate the hypothesis

The Effects of Kinesio Taping application on the Pain,
Weight-Bearing Distribution, and Walking Ability of Knee
Osteoarthritis A Randomized Controlled Trial 

INTRODUCTION
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demonstrate that KT application with PNF pattern effectively attenuate the pain
and improves WBD and walking ability in KOA patients. 
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that KT application with PNF pattern (QM-GM) was
improve pain, WBD, and walking ability in KOA
patients more than KT application on the QM alone. 

Participants
This study was a single-blind randomized clinical

trial. Participants included thirty women with KOA
recruited from local outpatient clinics (Inchon,
Republic of Korea). The inclusion criteria of were
osteoarthritis diagnosis, age greater than 40 years,
symptoms in a single knee for at least 6 months,
capable of walking independently, no ligament or soft
tissue damage, and ability to understand and follow
the experiment protocol. The exclusion criteria were
history of surgery for KOA, previous neurologic or
vestibular impairment, and contraindication for any
of the measurement procedures. All participants
signed an informed consent approved by the Gachon
University Institutional Review Board. This study
used a G-power of 3.1.9 for sample size calculation,
which was determined to detect a clinically significant
improvement in the outcome measures from a pilot
study. Effect size (ES) was set at 0.8 with a signifi-
cance level of .05. 

Experimental procedure 
Randomization was intended to minimize order

effect. Baseline measures were taken of the outcomes
prior to randomization. Subsequently, each partici-
pant was allocated to 1 of the 2 groups via consecu-
tively numbered, sealed opaque envelopes containing
the allocation code. Simple randomization was con-
ducted using Microsoft Excel for Windows software
(Microsoft Corporation, Redmond, Washington) by a
researcher who was not involved in participant
recruitment. Participants were randomly assigned
into a control group (n = 15) and an PNF pattern
group (n = 15). No differences between baselines of
two groups were detected for primary outcome
measures of pain, WBD, and walking ability (paired t
tests, all p> .05). Baseline characteristics were
recorded for all patients, and the protocols for meas-
uring pain, WBD, and walking ability were reviewed
before the tests.  Kinesio Tape was applied to the
affected knee, and pain, WBD, and walking ability
were measured again after 30 minutes.

Intervention
KT with dimensions of 5 cm × 5 m (3NSCo.,

Republic of Korea) was applied by a physiotherapist
with at least 5 years of experience who had received
KT training. With the QM in a maximally extended
position, the tape was fixed from the anterior superi-
or iliac spine to the tibial tuberosity, medially from
the lower part of the intertrochanteric line to the
medial superior aspect of the patella, and laterally
from the femoral greater trochanter to the lateral
superior aspect of the patella 11). In the MP group,
additional tape was fixed to the GM first from the
femoral medial epicondyle to the insertion point of
the Achilles tendon into the calcaneus, then from the
femoral lateral epicondyle to the insertion point of the
Achilles tendon with foot in maximum passive ankle
dorsiflexion (figure 1). KT was performed such that
the tape could stretch by 10–15% of its total length.

Outcome measures
WBD was measured while participants performed

double-leg standing with open eyes. The measure-
ment device used was BioRescue (RM Ingenierie,
Rodez, France), consisting of a 610 mm × 580 mm ×
10 mm platform equipped with 1600 pressure sensors,
software, and a monitor. The BioRescue evaluates
asymmetry in weight-bearing by measuring the 

Fig. 1. Application of the KT
KT applied quadriceps (a), gastrocnemius (b)

SUBJECTS AND METHODS 

(a) (b)
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difference in left/right standing pressure with the
participant standing barefoot in a neutral position
(30° angle for each foot, and a 9 cm distance between
the heels). Arms were held comfortably at partici-
pant’s sides while standing with eyes open for 60
seconds. A larger left/right standing pressure differ-
ence, expressed in a percentage, indicated a greater
weight-bearing asymmetry. 

Walking ability was measured by assessing func-
tional mobility with the timed up-and-go test
(TUGT). The validity and reliability of the TUGT are
high (ICC = .80) 17), and it has been used to examine
outcomes in KOA patients 18). The participants stood
up from a chair, walked 3 meters, turned around,
and returned to a seated position without using the
arm of the chair for assistance. Participants per-
formed three trials, and the average time to complete
the test was recorded.

Pain intensity was measured using a visual ana-
logue scale (VAS) during the TUGT. The VAS con-
sisted of a 100 mm linear scale, ranging from “no
pain, 0” to “the most severe pain, 100.” Participants
indicated their perceived pain intensity after com-
pleting the TUGT.

Statistical analyses 
SPSS 21.0 software was used for all statistical

analyses. The normal distributions of the results were
tested by the Shapiro–Wilk test. The subjects were
normal distribution, parametric tests were used for
statistical analysis. Differences before and after the
intervention were compared using a paired samples t
test and the differences between the two groups were
compared with an independent samples t test. The ES
was calculated, and each parameter was expressed as
mean (SD). Results were statistically significant at p <
.05.

The baseline characteristics of the 30 participants
with KOA are displayed in Table 1. 

There were no statistical differences between the
groups at baseline. There was a significant decrease
in the VAS score for pain in both groups after the
intervention (p < .05), and there was a significant
difference between the two groups (p < .05, ES =
1.03) (table 2).

WBD on the affected and unaffected sides changed
significantly after the intervention in the PNF pattern
group (p <.01). Comparison of the groups showed a
significant difference in pressure on the affected (p <
.05, ES =1.24) and unaffected sides (p < .01, ES =
1.34). The left/right pressure changed significantly in
the PNF pattern group (p < .01), and the difference in
the PNF pattern group was greater than in the con-
trol group (p < .05, ES = 1.29) (table 3).
TUGT was significantly different in the PNF pattern

group (p < .01) and the control group (p < .01). There
was a significant difference in the inter-group com-
parison (p < .01, ES = 1.96) (table 4).

RESULTS

VAS
score

39.50(12.23)

26.00(10.64)

-13.50(9.14) 

(-20.26~-6.75)

.011

Before intervention

After intervention

Change

(95% CI)

p-value

40.50(8.32)

18.50(4.74)

-22.00(7.23)* 

(-27.39~-16.62)

.000

8.50(3.81)

(.47~16.52)

PNF pattern groupControl group Difference(95% CI)

.039

P value

1.03

ES

Table 2. Changes in the visual analog scale (VAS) score

PNF: Proprioceptive neuromuscular facilitation

PNF: Proprioceptive neuromuscular facilitation

Age (years)

Height (cm)

Weight (kg)

Injured leg(left/right)

53.00(6.15)

157.90(4.30)

57.60(3.62)

9/6

51.90(4.75)

158.20(3.42)

56.80(5.20)

8/7

Control groupVariable PNF pattern group

Table 1. Baseline characteristics of the participants.
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This study aimed to confirm the effects of KT with
PNF pattern on pain, WBD, and walking ability in
KOA patients, and found that KT with MP is more
effective than QM alone in reducing pain and
improving WBD and walking ability. Pain decreased
significantly in both the PNF pattern and control
groups, indicating that KT has a positive effect on
KOA pain control and supporting the results of pre-
vious studies showing that KT is an effective way to
decrease the pain 11, 19).

Weight-bearing is a useful objective method of

assessing KOA pain intensity, because asymmetric
weight-bearing is caused by pain on the affected side
20). Pain decreased in the control group, but there was
no significant change in WBD on the affected side. In
the PNF pattern group, pain decreased and WBD
increased significantly on the affected side. This
change was also significantly greater than the change
in the control group, indicating that 30 minutes of KT
application to the skin overlying QM and GM
increased muscle activity and body perception.
Previous studies suggested that KT improved propri-
oception and muscle strength 8, 9), and external afferent
stimuli may enhance body perception and influence

Pressure to
the affected

side
(%)

Pressure to
the non-

affected side
(%)

affected/non-
affected side

pressure differ-
ence
(%)

48.58(1.15)

48.76(.82)

0.18(1.09)

(-.59~.96)

.613

51.42(1.16)

51.28(.83)

-.14(1.00)

(-.86~.58)

.671

2.84(2.31)

2.52(1.64)

-.32(2.09)

(-1.82~1.18)

.640

Before intervention

After intervention

Change

(95% CI)

p-value

Before intervention

After intervention

Change

(95% CI)

p-value\

Before intervention

After intervention

Change

(95% CI)

p-value

45.71(3.50)

47.76(2.81)

2.05(1.83)

(.73~3.37)

.006

54.29(3.50)

52.14(2.54)

-2.15(1.86)

(-3.48~-.82)

.005

8.58(7.00)

4.38(5.34)

-4.20(3.68)

(-6.84~-1.56)

.006

1.69(.62)

(2.99~.38)

1.73(.63)

(.45~3.00)

3.76(1.36)

(.91~6.60)

MP groupVariable Control group Difference(95% CI)

.014

.011

.013

P value

1.24

1.34

1.29

ES

Table 3. Changes in weight-bearing distribution

PNF: Proprioceptive neuromuscular facilitation 

TUGT
(s)

10.18(1.29)

9.86(1.29)

-.31(.26)

(-1.35~.94)

.004

Before intervention

After intervention

Change

(95% CI)

p-value

9.73(.77)

8.67(.79)

-1.07(.48)

(-1.41~.48)

.000

.75(0.17)

(.39~1.11)

MP groupControl group Difference(95% CI)

.002

P value

1.96

ES

Table 4. Change in the timed up and go test (TUGT) measurement

PNF: Proprioceptive neuromuscular facilitation 

DISCUSSION
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body schema and midline orientation 21). Tension in
the GM maintains postural stability in normal stand-
ing 22), suggesting that MP taping activates QM and
GM proprioception through external afferent stimuli,
and improves the midline orientation of the body. 

Loading of the degenerative portion in KOA causes
further deterioration of physical activities, such as
walking 23). Because the mid-stance requires weight-
bearing on one foot during walking, KOA can cause
secondary changes in gait 24) and reduce walking
speed 25). A previous study suggested that TUGT can
evaluate walking function since it requires the ability
to stand up from a sitting position, walk, and main-
tain balance 18). KOA requires the body's weight to
shift more rapidly from the contralateral limb to the
support limb, which appears to be successful in
reducing the load at the arthritic knee 24). In this
study, both groups significantly improved in the
TUGT, but the effect on the PNF pattern group was
greater than on control group. This indicates that KT
with PNF pattern has a positive effect on walking
ability by increasing weight-bearing on the affected
side, supporting a previous study showing that inter-
ventions for KOA should consider the mechanics of
all lower extremity joints 24). This was a large ES,
suggesting that functional activation of muscles using
KT with PNF pattern improved lower limb functions,
including sit-to-stand and walking. These results
could also be interpreted as a consequence of
decreased pain and improved weight-bearing. 

Learning skilled tasks tends to reduce variability in
distal joint movements more than in proximal joint
movements 26). This means that the proximal joints
are more active than the distal joints when perform-
ing tasks. When walking, the knee joint is more
active than the ankle joint; if the muscles of the knee
joint do not work properly, as with KOA, the ankle
joint becomes more active 27). Rather than simply
performing interventions for the knee joint, appro-
priate MP interventions should be applied to all asso-
ciated affected muscles. KT application with PNF
pattern improves functional ability, and PNF pattern
application is crucial in lower extremity disabilities. 

This study confirmed that application of KT with
PNF pattern decreases pain and improves WBD and
walking ability in KOA patients. While we propose
that KT with PNF pattern is an effective method for
treating KOA patients, there are limitations to this
study. The relatively small number of participants
makes it difficult to generalize the results. The
short-term effects of KT with PNF pattern were
investigated, as the tests were conducted immediately
after applying the tape; the long-term effects and

mechanical changes during walking are not clear. It
is also unclear whether KT with PNF pattern influ-
ences other disabilities, such as muscle weakness or
balance deficits. Future studies should investigate the
effect of KT with PNF pattern on several symptoms,
such as decreased motor function and balance and
gait disabilities, as well as the long-term effects and
mechanical changes in walking, pain, and movement
to correlate these parameters with functional activity
in the lower limbs.

This study aimed to confirm the effects of KT with
PNF pattern on pain, WBD, and walking ability in
KOA patients, and found that KT with PNF pattern is
more effective than QM alone in reducing pain and
improving WBD and walking ability. Pain decreased
significantly in both the PNF pattern and control
groups, indicating that KT has a positive effect on
KOA pain control. These results demonstrated that
KT application with PNF pattern, it was effectively
attenuates of pain and improves WBD and walking
ability in KOA patients. 

CONCLUSION
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