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Effects of Kinesio Tape application to quadriceps muscles on isokinetic 
muscle strength, gait, and functional parameters in patients with stroke
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Abstract—The aim of this study was to evaluate the effects of 
Kinesio Tape (KT) application to quadriceps muscles on iso-
kinetic muscle strength, gait, and functional parameters in 
patients with stroke. Twenty-four patients were allocated into 
KT and control groups. All patients participated in the same 
conventional rehabilitation program 5 times/wk for 4 wk. In 
addition, KT was applied to quadriceps muscles bilaterally to 
the patients in the KT group. Compared with baseline, peak 
torque levels increased significantly in both groups (all p < 
0.05). However, change levels were significantly higher in the 
KT group than the control group at 60 degrees/second angular 
velocity (AV) in extension (p = 0.04) and 60 and 180 degrees/
second AV in flexion (both p = 0.02) on the paretic side. More-
over, the change levels were more prominent in the KT group 
at 60 and 180 degrees/second AV in extension (p = 0.03 and 
p = 0.04, respectively) on the nonparetic side. Gait, balance, 
mobility, and quality of life values improved significantly in 
both groups (all p < 0.05), yet the change levels between the 
groups did not reach significance (p > 0.05). KT application to 
quadriceps muscles in addition to conventional exercises for 
4 wk is effective on isokinetic but not functional parameters.

Key words: cerebrovascular disorders, gait, isokinetic, Kine-
sio Tape, Kinesio Taping, muscle strength, peak torque, quadri-
ceps muscle, quality of life, rehabilitation, stroke.

INTRODUCTION

Kinesio® Tape (KT) has been widely used as an 
alternative therapy in people with several musculoskele-

tal disorders, those engaged in sports or neurological 
rehabilitation, and those with lymphedema because of its 
advantages (aesthetic, comfort, ease of application, and 
lack of side effects [aside from skin reactions]) [1–2]. It 
has been previously documented that KT enhances mus-
cle activation and reeducation by increasing the subcuta-
neous space, enhancing blood flow, and providing tactile 
stimulation [1–2].

Effects of KT on muscle strength have been studied in 
nondisabled subjects and subjects with knee osteoarthri-
tis, yet the results of these studies are conflicting [3–11]. 
Furthermore, previous studies focused on short-term 
effects of KT application. Effects of long-term KT appli-
cation have not yet been studied. Effects of KT on muscle 
strength in patients with stroke have also not been studied.

Abbreviations: 6MWT = 6-minute walk test, 10 MWT = 10-
meter walk test, AV = angular velocity, BBS = Berg Balance 
Scale, BMI = body mass index, FAC = Functional Ambulation 
Category, FIM = Functional Independence Measure, KT = 
Kinesio® Tape, MAS = Modified Ashworth Scale, PT = peak 
torque, RMI = Rivermead Mobility Index, SCT = Stair-Climbing 
Test, SS-QLS = Stroke-Specific Quality of Life Scale, TUG = 
Timed “Up and Go” test.
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Accordingly, the objective of this study was to evalu-
ate the effects of long-term KT application to quadriceps 
muscles on isokinetic muscle strength, gait, and func-
tional parameters in patients with stroke. Moreover, KT 
was applied bilaterally in our study to allow us to com-
pare the effects of KT on the paretic and nonparetic sides.

METHODS

Study Design
A total of 24 patients with subacute, chronic stroke 

were allocated into KT and control groups. The subjects 
participated in the same conventional rehabilitation pro-
gram, including neurophysiologic exercises, range-of-
motion exercises, posture training, walking training, and 
balance coordination training 5 times/wk for 4 wk. In 
addition, KT was applied to quadriceps muscles bilater-
ally to the participants in the KT group for 4 wk. All 
patients were evaluated before and after the treatment 
with respect to isokinetic muscle strength, balance, gait, 
mobility, and quality of life.

Participants
Patients with stroke who participated in an inpatient 

rehabilitation program in our rehabilitation center 
between June 2013 and June 2014 were enrolled.

Exclusion criteria were not cooperative, history of 
previous stroke, severe cardiovascular or pulmonary 
problems, uncontrolled hypertension, hemiplegia due to 
trauma/tumor, severe aphasia (which could affect evalua-
tions), cerebellar infarct, musculoskeletal pain or other 
lower-limb disorder (e.g., fracture, severe osteoarthritis), 
or KT allergy or skin lesions in lower limbs.

Data Collection and Assessment Tests
Demographic and clinical features of the patients 

such as age, sex, body mass index (BMI), paretic side, 
time poststroke, and stroke type (thromboembolism/hem-
orrhage) were noted. Brunnstrom stages were used to 
evaluate motor recovery. Spasticity levels were assessed 
by the Modified Ashworth Scale (MAS). Ambulation 
levels were evaluated by the Functional Ambulation Cat-
egory (FAC). Functional parameters, quality of life, gait 
parameters, mobility, and balance parameters of all 
patients were assessed by the Functional Independence 
Measure (FIM) Motor scale, Stroke-Specific Quality of 
Life Scale (SS-QLS), Timed “Up and Go” test (TUG), 

10-meter walk test

Figure 1.
Isokinetic muscle strength measurement setup.

 (10MWT), 6-minute walk test 
(6MWT), Stair-Climbing Test (SCT), Berg Balance Scale 
(BBS), and Rivermead Mobility Index (RMI).

Isokinetic Test Protocol
Peak and average isokinetic torque can be reliably 

used for assessing muscle strength of the lower limbs in 
patients with stroke [12–13]. The Biodex System 3 Pro 
multijoint isokinetic dynamometer (Biodex Medical Sys-
tems; Shirley, New York) was used to assess muscle 
strength in our study. All participants were informed 
about the test procedure to achieve maximum orientation.

The patients were seated in a reclined position (85° 
from the horizontal plane). A hip-waist belt, a cross-trunk 
belt, and a Velcro strap across the thighs were used for 
stabilization. The dynamometer was adjusted according 
to the line passing through the femoral condyles. The 
dynamometer effort arm was adjusted according to the 
length of the leg. The leg was fixed (over the lateral mal-
leolus) by using a pad (Figure 1). Range of motion was 
set individually according to the active range of motion 
of the patients. Three submaximal trial repetitions were 
performed at both angular velocities (AVs) (60 and 180 °/s)
before the test. Power graphics were shown on the moni-
tor to provide visual feedback. The isokinetic test proto-
col was 5 maximal reciprocal contractions at 60 °/s AV, 
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15 s rest period, then 10 maximal reciprocal contractions 
at 180 °/s AV.

Kinesio Taping
KT (Kinesio Tex Gold, Kinesio®; Albuquerque, New 

Mexico) was applied to the vastus medialis, vastus latera-
lis, and rectus femoris muscles bilaterally using the mus-
cle stimulation technique (from origin to insertion 
without tension) in Kase et al. [1]. Subjects wore the tape 
for 4 wk, and it was changed every 3–7 d. All tapes were 
prepared individually as “Y-bands.” The edges of the 
bands were squared.

For the rectus femoris muscle, the tape was applied 
from 10 cm below the anterior superior iliac spine to the 
superior edge of the patella (without tension). Then, the 
tape was crossed from the edges of the patella (with max-
imum tension) and fixed below the inferior edge of the 
patella while the knee was flexed. For the vastus lateralis 
muscle, the tape was applied from the great trochanter to 
the lateral edge of the patella (without tension). The tape 
was then crossed from the lateral edge of the patella (with 
maximum tension) and fixed below the inferior edge of 
the patella while the knee was in flexed position, and 
then another piece of tape was fixed over the fibular 
head. For the vastus medialis muscle, KT was applied 
from the middle third of the medial thigh to the medial 
edge of the patella (without tension). Next, the tape was 
crossed from the medial edge of the patella (with maxi-
mum tension). Finally, another piece of tape was fixed 
over the tibia (Figure 2).

Functional Independence Measure
The FIM is composed of 18 items. While 13 of the 

items assess motor tasks, 5 assess cognitive tasks. In this 
study, FIM Motor scores were used. Motor items mainly 
include self-care activities, sphincter control, transfers, 
and locomotion. Each item is scored from 1 to 7, and 
higher scores demonstrate better functioning. FIM is 
valid and reliable for assessing functionality in patients 
with stroke [14].

Rivermead Mobility Index
RMI is a valid and reliable test for subacute, chronic 

stroke that is used for assessing functional mobility such 
as gait, balance, and transfers. The RMI includes the fol-
lowing items: turning over in bed, lying to sitting, sitting 
balance, sitting to standing, standing, transferring, walk-
ing inside/outside, climbing stairs, picking up off floor, 

climbing up and down 

Figure 2.
Kinesio Tape application to vastus medialis, vastus lateralis,

and rectus femoris muscles.

four steps, and running. Each item 
is scored 0 or 1. Higher scores show better mobility per-
formance. RMI has been previously reported to be a use-
ful scale for the assessment of mobility in patients with 
stroke [15].

Timed “Up and Go” Test
Subjects were asked to stand up from a chair with an 

armrest, walk 3 m at a comfortable and safe walking 
speed, turn around, and sit down. The time required to 
carry out this task was measured. The TUG can be used 
for measuring basic mobility skills after stroke [16].

6-Minute Walk Test
6MWT assesses endurance. The subjects were 

instructed to walk (at their preferred speed) through a 
corridor (flat surface), and the distances walked in 6 min 
were measured. Subjects were allowed to use assistive 
devices. 6MWT is reliable for patients with stroke [17].
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10-Meter Walk Test
This test is used to assess walking speed. Subjects are 

instructed to walk 10 m without personal assistance. The 
time is measured for the middle 6 m. An average of three 
repetitions was calculated. 10MWT is valid and reliable 
for patients with stroke [18].

Berg Balance Scale
BBS assesses static balance. It has the following 

items: reaching forward with an outstretched arm, stand-
ing with eyes closed with one foot in front, turning, 
retrieving an object from the floor, standing on one foot, 
sitting to stand, turning 360°, standing, placing the alter-
nate foot on a stool, transferring, standing with feet 
together, and standing to sitting unsupported. Each item 
was scored from 0 to 4. The maximum score is 56. 
Higher BBS scores indicate better balance. BBS is valid 
and reliable for patients with stroke [19].

Stroke-Specific Quality of Life Scale
SS-QLS includes 49 items. The major items are 

energy, family roles, language, mobility, mood, personal-
ity, self-care, social roles, thinking, upper-limb function, 
vision, and work/productivity. Each item is scored from 
1 to 5. Higher scores show better functioning [20].

Functional Ambulation Category
The FAC classifies ambulation of patients into six 

levels:
0. Nonfunctional, ambulates only with parallel bars.
1. Ambulates with continuous manual contact of one

person.
2. Ambulates with light touch of one person.
3. Ambulates without touch but with supervision.
4. Ambulates independently on level surfaces, but not

on stairs.
5. Ambulates independently on stairs and unlevel

surfaces [21].

Stair-Climbing Test
The SCT is a tool used for assessing ascending and 

descending stairs. A four-step ascend and descend was 
used, and duration to finish a set was recorded. Lower 
values of SCT show better performance [22].

Statistical Analysis
The data was analyzed with SPSS for Windows (IBM; 

Armonk, New York). A Shapiro-Wilk test was used to 

determine whether the continuous variables were normally 
distributed. Descriptive statistics are shown as mean ± 
standard deviation or median (minimum, maximum).

The comparison of the means and medians of the 
groups was completed with a Student t-test. Categorical 
variables were analyzed by Pearson chi-square or Fisher 
exact tests. A Wilcoxon signed rank test was used if there 
was a significant difference before and after the treatment 
in the groups. A p-value of <0.05 was considered statisti-
cally significant.

RESULTS

Demographic and clinical features of the groups are 
shown in Table 1. The groups were similar with respect 
to age, sex, BMI, paretic side, Brunnstrom stages, FAC, 
time poststroke, and MAS (all p > 0.05). By contrast, 
there was a significant difference between the groups for 
stroke etiology (p = 0.03). In the KT group, 8 patients 
had thromboembolic stroke and 4 patients hemorrhagic 
stroke, and in the control group, 12 patients had thrombo-
embolic stroke.

Paretic side peak torque (PT) values of each group 
before and after treatment are shown in Table 2. Com-
pared with baseline, PT levels increased significantly in 
both groups after treatment (all p < 0.05). However, 
change levels were significantly higher in the KT group 
than in the control group at 60 °/s AV in extension (p = 
0.04) and 60 and 180 °/s AVs in flexion (both p = 0.02).

Nonparetic side PT values of each group before and 
after treatment are shown in Table 3. Although PT values 
increased significantly in both groups (all p < 0.05), the 
change levels were more prominent in the KT group at 60 
and 180 °/s AVs in extension (p = 0.03 and p = 0.04, 
respectively).

Gait, balance, mobility, quality of life, and functional 
parameters of the groups are shown in Table 4. Com-
pared with baseline, all values increased significantly in 
both groups (all p < 0.05); however, the change levels 
between the groups did not reach significance (p > 0.05). 
For side effects, a temporary skin reaction was seen in 
only one patient during the last application.
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Table 1.
Clinical and demographic features of study subjects. Data presented as mean ± standard deviation or n (%).

Variable Kinesio Tape (N = 12) Control (N = 12) p-Value
Age, yr 48.8 ± 12.9 50.9 ± 12.7 0.70
Sex (M/F) 5/7 7/5 0.41
BMI (kg/m2) 25.7 ± 4.1 26.4 ± 2.2 0.17
Time Poststroke, mo 6.9 ± 5.3 3.8 ± 2.1 0.09
Etiology
Thromboembolism 8 (67) 12 (100) 0.03
Hemorrhagia 4 (13) 0 (0)
Paretic Side
Right 6 (50) 8 (67) 0.25
Left 6 (50) 4 (33)
Brunnstrom (LL)
Grade 4 5 (41.7) 5 (41.7) >0.999
Grade 5 5 (41.7) 5 (41.7)
Grade 6 2 (16.7) 2 (16.7)
MAS 0.5 ± 0.5 0.5 ± 0.5 >0.999
FAC 3.3 ± 0.5 3.7 ± 0.5 0.60
Note: Bold p-value shows significance.
BMI = body mass index, F = female, LL = lower limb, M = male, MAS = Modified Ashworth Scale, FAC = Functional Ambulation Category.

Table 2.
Paretic side peak torque (PT) values before and after treatment and change levels between groups. Data presented as mean ± standard deviation.

Isokinetic Parameter PT Before Treatment PT After Treatment Change Level p-Value
Knee Extension 60°/s AV
KT 46.8 ± 20.8 65.7 ± 25.5 18.9 ± 15.5 0.04
Control 40.0 ± 26.2 47.7 ± 29.5 7.7 ± 4.8
Knee Flexion 60°/s AV
KT 19.0 ± 11.0 29.5 ± 16.3 6.4 ± 1.8 0.02
Control 12.1 ± 8.0 14.4 ± 9.6 1.9 ± 0.5
Knee Extension 180°/s AV
KT 33.8 ± 11.3 40.7 ± 16.9 10.3 ± 8.1 0.06
Control 25.5 ± 7.0 29.7 ± 7.3 4.4 ± 1.6
Knee Flexion 180°/s AV
KT 11.9 ± 3.3 18.7 ± 7.1 8.0 ± 5.7 0.02
Control 14.7 ± 9.5 19.9 ± 8.0 3.5 ± 1.8
Note: p-value shows comparison of change levels after treatment between groups; bold p-values show significance.
AV = angular velocity, KT = Kinesio Tape.

DISCUSSION

In this study, we aimed to elucidate, for the first time 
in the literature (to the best of our knowledge), whether 
bilateral KT application to quadriceps muscles is effec-
tive on isokinetic and functional parameters in patients 
with stroke. The most significant result of our study was 
that KT increased muscle strength on both the paretic and 
nonparetic sides, while functional parameters did not 
improve.

Kase et al. have reported that KT increases muscle 
activation through the following two mechanisms [1]. 
First, KT stimulates the cutaneous receptors by tactile 
stimulation, and second, KT increases the subcutaneous 
space and blood flow, both of which result in muscle acti-
vation. In the literature, there are several studies showing 
the effects of KT on muscle strength [2–11]; however, 
these studies have conflicting results. While some of the 
studies reported improvement in muscle strength [9,11], 
others found adverse outcomes [3–8].
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Table 3.
Nonparetic side peak torque (PT) values before and after treatment and change levels between groups. Data presented as mean ± standard 
deviation.

Isokinetic Parameter PT Before Treatment PT After Treatment Change Level p-Value
Knee Extension 60°/s AV
KT 64.1 ± 26.5 82.5 ± 32.7 17.7 ± 10.0 0.03
Control 64.9 ± 28.0 73.9 ± 27.3 8.9 ± 5.4
Knee Flexion 60°/s AV
KT 37.0 ± 26.1 43.0 ± 26.3 6.0 ± 5.2 0.60
Control 24.6 ± 13.5 31.5 ± 14.5 6.9 ± 2.4
Knee Extension 180°/s AV
KT 44.2 ± 22.2 56.8 ± 26.6 12.5 ± 9.0 0.04
Control 40.2 ± 22.9 46.0 ± 23.9 5.8 ± 2.5
Knee Flexion 180°/s AV
KT 21.6 ± 15.0 28.0 ± 17.2 6.4 ± 4.4 0.19
Control 15.0 ± 4.6 19.5 ± 6.2 4.4 ± 2.4
Note: p-value shows comparison of change levels after treatment between groups; bold p-values show significance.
AV = angular velocity, KT = Kinesio Tape.

Table 4.
Gait, balance, mobility, and quality of life values before and after treatment and change levels between groups. Data presented as mean ± standard 
deviation.

Variable Before Treatment After Treatment Change Level p-Value
FIM (Motor)
KT 56.3 ± 12.0 63.6 ± 10.9 7.3 ± 2.4 0.93
Control 70.2 ± 6.0 78.1 ± 5.2 7.4 ± 1.8
SS-QLS
KT 158.9 ± 23.6 170.9 ± 22.1 3.4 ± 1.0 0.44
Control 149.0 ± 18.8 161.2 ± 19.3 2.2 ± 0.6
10MWT
KT 15.7 ± 3.8 12.1 ± 2.6 1.5 ± 0.5 0.29
Control 18.1 ± 6.4 15.3 ± 5.3 1.8 ± 0.5
6MWT
KT 284.0 ± 73.5 309.8 ± 68.9 19.5 ± 8.9 0.60
Control 211.6 ± 85.4 233.7 ± 84.0 9.1 ± 2.6
SCT
KT 14.0 ± 3.0 11.6 ± 3.0 2.3 ± 1.0 0.65
Control 17.5 ± 9.7 15.5 ± 7.9 2.0 ± 2.1
TUG
KT 15.5 ± 3.3 12.3 ± 2.7 1.3 ± 0.4 0.21
Control 17.5 ± 8.3 15.2 ± 6.7 1.9 ± 0.5
BBS
KT 30.2 ± 8.0 35.1 ± 7.8 4.9 ± 3.3 0.51
Control 46.5 ± 4.5 50.8 ± 3.4 4.1 ± 1.9
RMI
KT 9.4 ± 3.1 11.5 ± 3.8 1.9 ± 1.1 0.06
Control 11.2 ± 1.6 12.3 ± 1.1 1.0 ± 0.9
Note: p-value shows comparison of change levels between groups. 
6MWT = 6-minute walk test, 10MWT = 10-meter walk test, BBS = Berg Balance Scale, FIM = Functional Independence Measure, KT = Kinesio Tape, RMI = Riv-
ermead Mobility Index, SCT = Stair-Climbing Test, SS-QLS = Stroke-Specific Quality of Life Scale, TUG = Timed “Up and Go” test.
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Wong et al. evaluated the effects of KT application to 
quadriceps muscle in nondisabled subjects [5]. Although 
total work and PT values did not change in their study, 
time to PT decreased significantly. In a controlled trial by 
Lins et al., 60 nondisabled patients were randomized into 
KT, elastic bandage, and control groups [6]. KT was 
applied to vastus medialis, vastus lateralis, and rectus 
femoris muscles in the KT group. However no significant 
differences were found after application in isokinetic, 
postural balance, or functional parameters. Moreover, in 
a single-blind, placebo-controlled, crossover study by 
Vercelli et al., 36 nondisabled subjects were randomized 
into three groups as follows: KT with stimulation tech-
nique, KT with inhibition technique, and sham band [8]. 
Isokinetic parameters did not change in any of the three 
groups. Anandkumar et al. randomized 40 patients with 
knee osteoarthritis into control and KT groups and found 
that posttest isokinetic parameters and pain scale scores 
showed statistical improvement [11]. Fratocchi et al. 
have shown significant improvement in PT values of 
biceps brachii muscles in the KT group versus the pla-
cebo band group [9].

In our study, we enrolled patients with hemiplegia 
who were in a rehabilitation program, which is different 
from the previous studies. In addition, we applied KT 
bilaterally in order to compare the paretic and nonparetic 
sides. Regarding the time frame, we evaluated long-term 
effects rather than short-term effects. All isokinetic 
parameters showed improvement in both groups after the 
treatment (p < 0.05); however, the increases were more 
prominent in the KT group. Stroke duration was shorter 
in the control group (p < 0.05). We could speculate that 
paretic muscles have more sensitivity to tactile stimula-
tion and muscle reeducation than nonparetic muscles.

Another important issue in our study was the increase 
in the flexion parameter. Although we applied KT only to 
extensor muscles, flexor muscles showed improvement 
on the paretic side as well. We could attribute this result 
to the fact that the strengthening in the knee extensors 
and the mechanical support of KT contribute to better 
knee control. On the other hand, the increase in isokinetic 
parameters did not result in improvement of functional 
parameters and gait. This could have been because mus-
cle strength did not develop enough or because functional 
parameters are related to several other factors, such as 
proprioception and balance. Also, KT may need to be 
applied for longer periods.

As for side effects, a skin reaction was seen only in 
one patient. It was temporary and seen only during the 
last application (at the end of the fourth week). We did 
not find any side effects that could have discontinued 
rehabilitation, caused discomfort, or affected activities of 
daily living. We did not use a satisfaction scale in our 
study. Nonetheless, we received positive feedback from 
the patients regarding the KT application. For instance, 
some patients stated that they could feel mechanical sup-
port and perform knee extension better. We believe that 
this can result in better motivation and self-confidence 
during the rehabilitation process.

LIMITATIONS

First, our sample size could have been larger. 
Although the groups were similar regarding age, BMI, 
sex, and functional parameters, stroke patients show het-
erogeneity. Second, lack of a crossover design and fol-
low-up evaluations are limitations of our study. Third, the 
selection bias of patients who had high levels of function 
according to Brunnstrom grading is a limitation as well. 
However, it would not be possible to perform this study 
on patients with low levels of functioning.

CONCLUSIONS

In light of our results, KT application to quadriceps 
muscles in addition to conventional exercises for 4 wk 
seems to be effective on isokinetic parameters on the 
paretic and nonparetic side, but not on functional parame-
ters. Crossover and long-term follow-up studies regard-
ing the effects of KT on muscle strength or 
proprioception are awaited.
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