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Abstract

Background: Insufficiencies of gluteus medius and maximus muscles in children with unilateral cerebral palsy (CP) may restrict
activity and participation by affecting gait, gross motor functions, and balance.
Objectives: The present study aimed to elucidate the effect of Kinesio taping (KT) applied to the gluteus medius and maximus
muscles on activity and participation in children with CP.
Methods: The study was completed with 20 children with unilateral CP who were randomly divided into 2 groups: The KT group
received KT and physiotherapy (n = 11), and the control group received only physiotherapy (n = 9). The KT application was adminis-
tered for 4 weeks. The activity was evaluated with a BTS G-Walk Spatiotemporal Gait Analysis System, Timed Up and Go test (TUG),
Functional Mobility Scale (FMS), Gross Motor Function Measure (GMFM), and Pediatric Balance Scale (PBS); in addition, participation
was evaluated using the Canadian Occupational Performance Measure (COPM).
Results: The KT group showed significant improvements in the gait parameter (cadence; P = 0.009), pelvic tilt symmetry (P = 0.017),
pelvic rotation symmetry (P = 0.018), gait symmetry (P < 0.001), FMS (P = 0.07), TUG, GMFM, PBS, and COPM scores (P < 0.001) in the
medium-term compared to the control group. It was also found that gait (cadence; P = 0.004) and functional mobility (P < 0.001)
improved in the immediate term than in the KT group.
Conclusions: KT combined with conventional physiotherapy can improve cadence and functional mobility in the immediate term,
as well as gait and pelvic symmetry, functional mobility, gross motor function, balance, and participation in the medium term in
children with unilateral CP. Further randomized controlled studies addressing large samples and long-term effects are warranted.
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1. Background

Cerebral palsy (CP), a neurodevelopmental disorder
caused by non-progressive immature brain disturbances,
affects 2.11 of every 1000 children in high-income coun-
tries and is often considered the most common childhood
motor disability (1, 2). CP may lead to disorders in the
body structure and function (such as spasticity, muscle
weakness, sensory impairments, agonist-antagonist mus-
cle co-activation, and decreased selective motor control),
ultimately resulting in the limitations of activity and par-
ticipation according to the International Classification of
Functioning, Disability and Health (ICF) (3, 4).

Regarding the activity domain of the ICF, balance and

gait disorders (which play a considerable role in their daily
life activities and social participation) are common in chil-
dren with unilateral CP (5-7). These disorders may oc-
cur as a result of 1 or a combination of different factors,
such as muscle weakness and abnormal muscle tone, espe-
cially involving the hip and pelvis. As the pelvis is a func-
tional component of the lower extremity when standing or
walking, changes in pelvic alignment affect balance, gait,
and functional mobility (8). One of the factors affecting
pelvic alignment in unilateral CP is the imbalance between
the hip muscles. While excessive muscle tone in the hip
flexors causes weakness in the gluteus maximus (which
contributes to upright posture), excessive muscle tone in
the hip adductors causes weakness in the gluteus medius
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(which is the pelvic girdle stabilizer) (9, 10). Therefore,
facilitating the gluteal muscles and maintaining pelvic
alignment are frequently the focus of physiotherapy ap-
proaches in the rehabilitation of children with unilateral
CP.

In recent years, studies have emphasized the possible
benefits of several methods, such as Kinesio taping (KT),
frequently used in the rehabilitation of children with CP.
KT is an increasingly popular adjunct to other therapeu-
tic methods due to its relatively low cost, proposed effects,
and ease of use in the rehabilitation of children with CP (11).
Researchers have reported that the therapeutic goals of KT
in children with CP are to stimulate the sensory system
by providing proprioceptive feedback, facilitate or inhibit
muscle activity, increase the stability of the joints, and sup-
port postural alignment (11-13). Given that sensory feed-
back, especially proprioceptive, is a prerequisite for appro-
priate motor responses (14), it is assumed that KT applica-
tion (which provides afferent input by continuously stim-
ulating cutaneous mechanoreceptors and thus allows the
central nervous system to receive more sensory input, can
result in an improvement in muscle function and move-
ment (13). In a study investigating the immediate-term ef-
fects of KT on the quadriceps muscle in children with CP, it
was reported that there was a significant improvement in
balance and functional mobility (15). Özmen et al. found
that KT applied over the gastrocnemius and tibialis ante-
rior muscles improved gait performance, functional mo-
bility, and balance in the immediate term (16). In their
studies investigating the medium-term effects of KT on the
tibialis anterior, gastrocnemius, rectus femoris, and ham-
string muscles, Tabatabaee et al. reported that the balance
and functional mobility improved compared to the con-
trol group (17, 18).

2. Objectives

To our knowledge, there is no study investigating the
effects of KT applied over the gluteus medius/maximus and
proximal muscles of the lower extremity in children with
CP. Therefore, the primary aim of the present study was to
elucidate the immediate and medium-term effects of KT
applied over the gluteus medius and maximus muscles on
gait and functional mobility in children with unilateral CP.
The secondary aim was to elucidate the medium-term ef-
fects of KT on gross motor function, balance, and partici-
pation. We hypothesized that the KT combined with phys-
iotherapy would improve activity in the immediate term,
as well as activity and participation in the medium term
compared with physiotherapy alone.

3. Methods

This preliminary single-center, randomized, con-
trolled study was approved by the Ethics Committee of
Gazi University (No: E113201) and registered at Clinical-
Trials.gov (NCT04932538). Before recruitment, written
informed consent was obtained from the legal guardians
of participants.

3.1. Participants

Children with CP aged 6 - 12 years were recruited by con-
venience sampling from a pediatric center. Inclusion crite-
ria were (1) having a unilateral CP diagnosis made by a pe-
diatric neurologist, (2) having spasticity 2 or less according
to the Modified Ashworth Scale at lower extremities (hip
flexors, hip adductors, rectus femoris, and gastrocnemius
muscles), and (3) being rated as level I or II at the Gross Mo-
tor Function Classification System (GMFCS). Exclusion cri-
teria were (1) being unable to follow simple verbal instruc-
tions, (2) having allergic reactions to KT, and (3) having a
history of any botulinum toxin injection or musculoskele-
tal surgery at lower extremities in the previous 6 months.
A total of 24 children met the inclusion criteria. The chil-
dren were randomly divided into the KT (n = 12) or control
groups (n = 12) in an unbiased manner using a computer-
generated block randomization list. The study was com-
pleted by 20 children (11 children in the KT group; Figure
1).

3.2. Measurements

The assessments based on the activity and participa-
tion dimensions of the ICF were conducted at the begin-
ning (T1: First assessment) and end of the study (T3: Last as-
sessment, after 4 weeks). The activity was evaluated with a
BTS G-Walk Spatiotemporal Gait Analysis System, Timed Up
and Go test (TUG), Functional Mobility Scale (FMS), Gross
Motor Function Measure (GMFM), and Pediatric Balance
Scale (PBS); in addition, participation was evaluated using
the Canadian Occupational Performance Measure (COPM).
Safety was assessed through self-reporting and therapist
review.

The BTS G-Walk Spatiotemporal Gait Analysis System
was used by one of the researchers (S. O.); other assess-
ments were performed by another researcher (S. N. K.). In
the KT group, some assessments were also conducted with-
out removing the tape 30 minutes after the first taping
(T2) was applied. During this immediate term, only BTS G-
Walk and TUG evaluations were performed. The following
assessment tools were used as outcome measures in both
groups at the beginning and end of the study:

• The BTS G-Walk Spatiotemporal Gait Analysis System
to evaluate gait parameters (19)
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Participants scanned in
the rehabilitation center

n = 120

Participants ineligible (planned for
botox or surgery, agr, the type of CP)

n = 80

Participants eligible to
particpate on basis

of inclution
n = 40

Did not agree to participate
n = 12

Participants unable to adapt
n = 4

Randomized
participants

n = 24

Kinesio taping group
n = 12

Participant discontinued
trrotment for no reason

n = 1

Repeat outcome
measures n = 11

Control group n = 12

Did not come for last
evaluation n = 3

Repeat outcome
measures n = 9

Figure 1. Flow chart of the participants

• TUG and FMS to evaluate functional mobility (20, 21)
• GMFM to evaluate gross motor functions (21)
• PBS to evaluate balance (22)
• COPM to assess participation (23)

3.3. BTS G-Walk Spatiotemporal Gait Analysis System

Using Bluetooth signals, the data detected by the sen-
sor placed at the L5-S1 level of the patient was transferred to
a computer. The analysis system, which enables gait analy-
sis by comparing the left and right lower extremities, also
allows the analysis of its movements by collecting 3D kine-
matic data (19). For this analysis, children with CP were
asked to walk on a 10-m in-door track 3 times, and the mean
of the 3 measurements was used for statistical analysis (24).

3.4. TUG and FMS

TUG is a valid and reliable test for children with CP to
measure various components of functional mobility, such
as balance, postural control, and walking speed (20). FMS
is a valid and reliable instrument to evaluate functional
mobility in children with CP, taking into account assistive

devices at 3 different distances (500-m community, 50-m
school, and 5-m indoor) (21).

3.5. GMFM-66

GMFM is an observational assessment tool used to eval-
uate 5 dimensions of gross motor functions in children
with CP. These dimensions were (A) lying and rolling, (B)
sitting, (C) crawling and kneeling, (D) standing, and (E)
walking, running, and jumping. As a valid, reliable, and
sensitive tool, GMFM measures differences in gross motor
functions of children with CP (25). Only dimensions D and
E were used in the present study.

3.6. PBS

PBS is a modified version of the Berg Balance Scale to
evaluate balance in the context of everyday tasks. This valid
and reliable tool includes static and anticipatory balance
items, as well as transitional movements (26).

3.7. COPM

COPM is an individual-oriented outcome measure to
determine activity limitations and prioritize restrictions
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in individuals’ participation in occupational performance
areas (23). Parents identify and rank 5 occupations using
the child-adapted version of the COPM on a scale ranging
from 1 to 10, with higher scores pointing out better perfor-
mance and higher satisfaction without any interference or
discussion with the assessor. For each occupation, parents
rate the performance and their satisfaction with this per-
formance (27).

3.8. Intervention

Both groups received routine, conventional physio-
therapy twice a week for 4 weeks. These routine, conven-
tional physiotherapy sessions, which lasted 40 minutes
each, consisted of stretching, weight-bearing, functional
reaching, facilitation of gait patterning, and electrother-
apy. KT was applied in addition to conventional physio-
therapy in the KT group. A 5-cm tape with a width of 5 cm
(Kinesio Tex Gold; Albuquerque, New Mexico) was applied
and asked to be kept in place for 3 days; then, the taping
area was left to rest for 1 day, and KT was re-applied and
kept in place for the next 3 days. The KT application was
sustained for 4 weeks, 6 days a week.

Using the muscle facilitation technique, KT was ap-
plied to the gluteus medius and maximus to facilitate the
functions of the muscles. A “Y” tape was used for the glu-
teus maximus. While the child was side-lying, the hip was
flexed and adducted to lengthen the muscle. The start-
ing point of KT was at the center of the sacrum (the ori-
gin of the muscle). While the first tail was applied to sur-
round the lower part of the gluteus maximus muscle, the
second tail was applied diagonally from the sacrum to the
trochanter major (28). For the gluteus medius muscle, two
“I” tapes were applied. The hip was adducted and extended
to lengthen the muscle during the application. While the
first tape was applied from the spina iliaca anterior supe-
rior to the trochanter major, the second tape was applied
from the spina iliaca posterior superior to the trochanter
major. KT was applied by an experienced therapist certified
in the Kinesio taping method (29).

3.9. Statistical Analysis

The normal distribution analysis of the data was ex-
amined using visual and analytical methods (Shapiro-Wilk
test). Because all numeric variables showed non-normal
distribution, non-parametric tests were used. Descriptive
data are presented using medians and the 25th and 75th
centiles for the non-normally distributed variables. Differ-
ences between the KT and control groups were analyzed
using the chi-square test for categorical variables and the
Mann-Whitney U test for numeric variables. The Friedman
test was used to compare differences between groups; in

addition, if the test result was significant, the Wilcoxon
signed-rank test was used for post hoc comparison with
Bonferroni correction (the statistical significance was set
at P < 0.0167 for only the post hoc comparison). All statis-
tical analyses were conducted using SPSS version 26 (SPSS
Inc, Chicago, IL, USA) with an alpha of 0.05 (30).

The G*Power version 3.1.9.7 (Universitat Düsseldorf,
Düsseldorf, Germany) was used for post-hoc power analy-
sis, and the effect size was calculated for the difference in
gait symmetry improvement between the groups. Accord-
ing to the analysis, within 95% CI, the alpha level less than
0.05 was accepted as significant, with a total of 20 children
with unilateral CP (11 children in the KT group and 9 chil-
dren in the control group), the power (1-β) was found to be
83%.

4. Results

The sociodemographic characteristics and baseline
measurement data of the children who completed the
study in the KT (n = 11) and control (n = 9) groups are given
in Table 1. Sociodemographic characteristic data indicated
that the groups were well-matched in terms of age, body
mass index (BMI), sex, more affected side, and functional
level. In addition, there were no significant differences be-
tween the groups in cadence, gait velocity data, and base-
line PBS, TUG, GMFM dimensions D and E, COPM, and FMS
scores (P < 0.05). Furthermore, no children reported any
adverse effects related to the KT during the study session.

In the control group, there was no significant differ-
ence in any of the gait characteristics between the first
(T1) and last assessments (T3; P < 0.05; Table 2). In the KT
group, while there was a significant difference in cadence
(P = 0.004) between the T1 and the 30th-minute assess-
ments (T2), there was a significant difference in pelvic ro-
tation symmetry (P = 0.010) and gait symmetry (P = 0.003)
between the T1 and T3. When the TUG times were com-
pared, there was a significant improvement across all as-
sessments in the KT group; however, there was no signifi-
cant improvement in the control group (Table 2). The im-
provements in cadence, pelvic tilt symmetry, pelvic rota-
tion symmetry, gait symmetry, and TUG between the T1 and
T3 showed a significant difference in favor of the KT group
(Table 3).

While the KT group showed a significant improvement
in PBS, GMFM dimensions D and E, and FMS scores, the con-
trol group showed no improvement (Table 4). Although
both groups showed significant improvements in COPM
performance and satisfaction scores, the KT group showed
a greater improvement (Table 4).
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Table 1. The Characteristics and Baseline Measurement Data of the Children a

KT Group (n = 11) Control Group (n = 9) P-Value

Age, y 11.00 (9/12) 9 (6/12) 0.188*

BMI, kg/m2 19.22 (17.66/22.50) 19 (16.90/21) 0.790*

Sex 0.178**

Female 7 (63.6) 3 (33.3)

Male 4 (36.4) 6 (66.7)

More affected side 0.714**

Right 7 (63.6) 5 (55.6)

Left 4 (36.4) 4 (44.4)

GMFCS 0.343**

Level I 6 (54.5) 6 (66.6)

Level II 5 (45.5) 3 (33.3)

PBBS 48 (41/50) 49 (45/50) 0.334**

TUG 8.40 (6.70/10.20) 7.90 (5.30/9.50) 0.543**

GMFM-66/D (standing) 45 (40/50) 52 (49/53) 0.138**

GMFM-66/E (walking, running, jumping) 11 (10/14) 12 (10/14) 0.666**

COPM-performance 20 (10/25) 20 (15/25) 0.908**

COPM-satisfaction 15 (10/26) 11.50 (17/32.50) 0.646**

FMS 16 (15/18) 16 (16/18) 0.572**

Cadence 113.20 (103.30/138.30) 104.80 (94.60/117.20) 0.223**

Gait velocity 1.23 (0.99/1.44) 1.09 (0.90/1.20) 0.458**

Abbreviations: KT, Kinesio taping; BMI, body mass index; GMFCS, Gross Motor Function Classification System; PBBS, Pediatric Berg Balance Scale; TUG, Timed Up and Go
test; GMFM-66, Gross Motor Function Scale Measure; COPM, Canadian Occupational Performance Measure; FMS, Functional Mobility Scale.
a Values are median (25th/75th centile) for continuous variables and frequency (percentage) for categorical variables. *Mann-Whitney U test. **Chi-square test.

5. Discussion

The present study is the first randomized controlled
study elucidating the effects of KT applied over the glu-
teus medius and maximus muscles on gait, functional mo-
bility, gross motor function, balance, and participation in
children with CP. Our findings indicated that while KT im-
proves some gait characteristics, functional mobility, gross
motor function, balance, and participation in the medium
term compared to the control group and alsoimproves ca-
dence and functional mobility in the immediate term.

5.1. Gait Characteristics and Functional Mobility
It is remarkable that the number of studies investigat-

ing the effect of KT on gait characteristics in children with
CP is limited. In a comparative pilot study, the immedi-
ate effects of KT application over the tibialis anterior, rec-
tus femoris, and gluteus maximus muscles on gait char-
acteristics were assessed. The authors reported a signifi-
cant difference in cadence, stride length, and single sup-
port phase after the KT application (31). In our study, the im-
mediate effect of KT was significant in cadence, while the

medium-term effect was significant in gait symmetry and
pelvic rotation symmetry. The lack of any immediate effect
of KT on spatiotemporal parameters of gait, except for ca-
dence, might be caused by the fact that our sample con-
sisted of GMFCS level I and II children whose gait impair-
ment was generally not severe. In a study with a sample
of children with bilateral CP, the application of KT on dif-
ferent lower extremity muscles caused differences in gait
characteristics than in cadence. In addition, the medium-
term increase of gait symmetry and pelvic rotation symme-
try in our study might be due to the fact that KT facilitates
the gluteus medius and maximus muscles, contributing to
pelvic alignment.

In line with our study, Özmen et al., Partoazar et al.,
and da Costa et al. showed a significant decrease in TUG
times of children with CP; also, they indicated that KT had
an immediate effect on improving functional mobility (16,
32, 33). Regarding the medium-term effect of KT on func-
tional mobility, our findings agreed with Tabatabaee et al.,
showing that KT had a significant effect on TUG times af-
ter 2 weeks (18). Functional mobility, which plays a major
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Table 2. First, 30th-Minute, and Last Assessments Values of the Groups a

KT Group (n = 11) Control Group (n = 9)

T1 T2 T3 P-Value b T1 T3 P-Value c

Gait cycle
duration (s)

LAS 1.08 (0.94/1.30) 1.09 (0.96/1.20) 1.04 (0.95/1.09) 0.622 1.13 (1.03/1.33) 1.15 (1.04/1.28) 0.672

MAS 1.07 (0.94/1.29) 1.08 (.96-/1.19) 1.04 (0.97/1.14) 0.843 1.11 (1.04/1.21) 1.11 (1.04/1.20) 0.343

Stride length
(min)

LAS 1.21 (1.03/1.34) 1.20 (1.07/1.29) 1.19 (1.04/1.42) 0.606 1.11 (1.02/1.37) 1.11 (0.97/1.20) 0.497

MAS 1.22 (1.04/1.35) 1.20 (1.06/1.29) 1.19 (1.04/1.41) 0.751 1.23 (1.04/1.33) 1.19 (1.02/1.29) 0.397

Stance phase
(%)

LAS 63.70
(61.23/64.25)

60.70
(59.25/63.66)

62.10
(59.99/64.65)

0.361 58.60
(56.89/62.22)

59 (57.17/61.20) 0.672

MAS 63.40
(58.03/63.81)

60.60
(58.33/62.55)

60.80
(57.46/62.44)

0.686 59.20
(56.97/63.06)

59.10
(55.88/62.60)

0.128

Swing phase
(%)

LAS 36.30
(35.74/35.76)

39.30
(36.25/40.77)

37.90
(35.40/40.05)

0.384 41.40
(38.78/43.52)

41.30
(39.34/43.34)

0.566

MAS 36.60
(36.18/41.96)

39.40
(37.38/41.65)

37.30
(36.81/42.07)

0.426 40.40
(36.99/43.24)

40.30
(36.72/42.87)

0.456

Single
support
phase (%)

LAS 37.40
(36.18/42.01)

38.80
(37.13/41.42)

39.20
(37.13-/1.84)

0.545 39 (36.37/41.86) 36.10
(35.75/41.26)

0.854

MAS 37.20
(35.98/39.08)

38.80 (36.83/
41.02)

38.20
(34.95/40.06)

0.256 40.70
(38.15/42.33)

40.30
(37.81/42.98)

0.568

Double
support
phase (%)

LAS 11.70 (10.53/13) 11.10
(7.60/12.35)

9.80 (9.39/12.11) 0.335 9.20 (7.89/11.26) 9.30
(8.17/10.95)

0.569

MAS 12.80
(11.19/13.13)

10.10
(9.58/12.13)

11.20
(10.32/13.16)

0.336 9.90
(7.63/12.65)

9.90
(7.70/12.22)

0.458

Gait velocity
(min/s)

1.23 (1/1.39) 1.18 (1.11/1.31) 1.31 (1.20/1.48) 0.217 1.09 (0.90/1.29) 0.99 (0.87/1.24) 0.271

Pelvic
obliquity
symmetry

85 (59.01/92.58) 90
(73.53/96.29)

92.30
(77.12/96.56)

0.139 91
(83.59/94.40)

90
(80.30/91.92)

0.600

Cadence
(step/min)

113.20
(102.81/128.91)

119
(111.75/135.24)

120
(116.40/132.35)

0.002*; ∆T1-T2: 0.004#;
∆T1-T3: 0.033; ∆T2-T3: 0.594

104.80
(95.63/116.67)

105.70
(96.11/116.88)

0.310

Pelvic tilt
symmetry

38 (22.59/54.91) 46
(26.26/70.38)

50 (35.30/76) 0.012*; ∆ T1-T2: 0.155; ∆ T1-T3:
0.033; ∆ T2-T3: 0.068

14 (7.70/24.89) 15 (8.03/26.13) 0.176

Pelvic
rotation
symmetry

82.10
(55.27/91.57)

92.90
(71.13/101.35)

96 (92.65/97.41) 0.004*; ∆ T1-T2: 0.075; ∆
T1-T3: 0.010#; ∆ T2-T3: 0.168

94 (87.41/96.18) 94.45
(88.62/96.36)

0.176

Gait
symmetry

76.30
(63.99/86.15)

86.70
(81.11/90.62)

93
(87.20/94.57)

< 0.001*; ∆ T1-T2: 0.033; ∆
T1-T3: 0.003#; ∆ T2-T3: 0.016#

87
(76.50/88.89)

84.45
(77.94/88.69)

0.498

TUG (s) 8.40 (6.97/9.78) 6.50 (5.79/8.02) 6 (5.38/7.01) 0.001*; ∆ T1-T2: 0.003#; ∆
T1-T3: 0.003#; ∆ T2-T3: 0.015#

7.90 (5.89/9.56) 8 (5.86/9.55) 0.739

Abbreviations: KT, Kinesio taping; T1, first assessment; T2, 30th-minute assessment; T3, last assessment; LAS, less affected side; MAS, more affected side; TUG, Timed Up
and Go test.
a Values are given as median (25th/75th centile). The ∆ represents the change between assessments. #P < 0.0167; *P < 0.05.
b Friedman test
c Mann-Whitney U test
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Table 3. Comparison of Gait Characteristics and Timed Up and Go Test Changes Between the Groups a

KT Group Control Group P-Value b

Cadence (step/min) 5.40 (-4.92 / 21.96) 0.80 (-0.30 / 0.99) 0.009*

Pelvic tilt symmetry 6.90 (-0.95 / 34.75) 0 (0.20 / 0.77) 0.017*

Pelvic rotation symmetry 10 (3.23 / 39.98) 0.45 (-0.40 / 1.80) 0.018*

Gait symmetry 9 (5.43 / 26,20) 1 (- 0.76 / 2) < 0.001

TUG (s) -2.18 (-2.99 / -1.36) 0 (-0.20 / -0.12) < 0.001

Abbreviations: KT, Kinesio taping; TUG, Timed Up and Go test.
a Values are given as median (25th/75th centile). *P < 0.05.
b Mann-Whitney U test

Table 4. Comparison of Gross Motor Function, Functional Mobility, Balance, and Participation Scores Within and Between the Groups a

KT Group (n = 11) Control Group (n = 9)

T1 T3 ∆ P-Value b T1 T3 ∆ P-Value b P-Value c

GMFM-66/D 45 (40 / 50) 50 (47 / 55) 5 (3.16 / 6.29) 0.003* 43 (52 / 54) 44 (53 / 55) 0 (0 / 1.11) 0.059 < 0.001*

GMFM-66/E 11 (10 / 14) 13 (11 / 14) 1 (0.5 / 2.32) 0.011* 10 (12 / 14) 10.50 (12 / 14) 0 (-0.14 / 0.36) 0.317 0.006*

FMS 16 (15 / 18) 18 (16 / 18) 0 (-0.11 / 0.29) 0.015* 15.50 (16 / 18) 15.50 (16 / 18) 0 (0.03 / 0.84) 1.000 0.07

PBBS 48 (41 / 50) 53 (47 / 55) 5 (4.15 / 5.84) 0.000* 44 (49 / 52) 45 (50 / 52.50) 0 (-0.11 / -1) 0.102 < 0.001*

COPM-
performance

20 (10 / 25) 31 (22 / 36) 9 (4.89 / 17.64) 0.003* 20 (15 / 25) 13.50 (21 / 25.50) 1 (0.42 – / 1.35) 0.011* < 0.001*

COPM-
satisfaction

15 (10 / 26) 30 (22 / 34) 8 (5.55 / 14.98) 0.003* 11.50 (17 / 32.50) 12 (18 / 33) 1 (0.43 / 1.11) 0.008* < 0.001*

Abbreviations: T1, first assessment; T3, last assessment; GMFM-66, Gross Motor Function Scale Measure; FMS, Functional Mobility Scale; PBBS, Pediatric Berg Balance Scale; COPM, Canadian Occupational Performance Measure.
a Values are given as median (25th/75th centile). The ∆ represents the change between assessments. *P < 0.05.
b Wilcoxon signed-rank test
c Mann-Whitney U test

role in daily life activities of children with CP, requires var-
ious components, such as muscle strength, gait velocity,
and dynamic balance. In our study, improvements in func-
tional mobility might be provided by the KT application
over the gluteus medius and maximus muscles to support
pelvic alignment and stabilization, affecting balance, gait,
and functional performance (8).

5.2. Gross Motor Function, Balance, and Participation

To our knowledge, there is only one study investigating
the effect of KT application over lower extremity muscles
on gross motor functions in children with CP. Kaya Kara
et al. studied the long-term (12 weeks) effects of KT (facil-
itation technique for gluteus medius and functional cor-
rection technique for knee hyperextension and dorsiflex-
ion), reporting that KT had a significant effect on the im-
provement of gross motor functions, but this effect was
not significant compared to the control group (12). How-
ever, our findings showed that an increase in gross motor
functions was more significant in the KT group than in the
control group. There may be several possible explanations
for this difference between the 2 studies. First, the weight
of the gross motor activity in conventional physiotherapy
might affect the improvement in the control groups. Sec-
ond, the proportion of GMFCS level I children was higher
in the study of Kaya Kara et al. Since GMFM scores are likely

to reach the highest levels with higher motor skills in chil-
dren with CP, especially in GMFCS level I, the ceiling effect
of GMFM might occur and could not reveal the difference
between groups.

Regarding the immediate-term effects of KT on balance
in children with CP, Özmen et al. and Ahmadizadeh et al.
reported a significant increase in balance scores 48 and 72
hours after KT application compared to baseline (15, 16). In
a study investigating the medium-term effects of KT on bal-
ance, Tabatabaee et al. reported that the balance signifi-
cantly improved compared to the control group (18). These
studies are consistent with our study, showing a signifi-
cant improvement in balance in the KT group than in the
control group. The KT applied to the gluteal muscles, es-
pecially by providing proprioceptive input and facilitating
the gluteal muscles, might provide better alignment and
stabilization of the hip and pelvis in the frontal and sagittal
plane; thus, an improvement in balance parameters might
be achieved.

In a systematic review investigating the effect of KT
on CP, it was stated that there were only 2 studies assess-
ing participation (11). Both studies evaluated participation
in daily life activities using the Functional Independence
Measure for Children (WeeFIM). Kaya Kara et al. noted that
KT had a significant effect, while Simsek et al. noted no sig-
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nificant effect (12, 34). Considering that participation in-
cludes not only activities of daily living but also play, ed-
ucation, leisure time, and social participation (35), it can
be said that previous studies have not addressed participa-
tion with all its dimensions. However, the present study
evaluating participation with COPM and not limiting par-
ticipation to activities of daily living showed a greater im-
provement in the KT group. Given the relationship be-
tween participation and mobility, it is not surprising that
improvements in gait, balance, and functionality affect
participation. On the other hand, although there was no
improvement in balance and gait, there was a significant
improvement in participation in the control group. This
may be due to the lack of distinction between participa-
tion restrictions concerning the lower and upper extremi-
ties; thus, improvement in upper extremity functions due
to conventional physiotherapy might result in improved
participation.

5.3. Limitations

The current study has some limitations. There was no
placebo group and no blindness in the measurements, the
sample size was small, and the application time was short.
However, the current study can provide preliminary data
for further randomized controlled studies that can verify
our findings.

5.4. Conclusions

The application of KT to the gluteus medius and max-
imus muscle combined with conventional physiotherapy
can improve cadence and functional mobility in the im-
mediate term, as well as gait and pelvic symmetry, func-
tional mobility, gross motor function, balance, and partic-
ipation in the medium term in children with unilateral CP.
However, further randomized controlled studies address-
ing large samples and long-term effects are warranted.

Footnotes

Authors’ Contribution: All authors contributed to the
study conception and design. Material preparation, data
collection, and analysis were performed by S.N.K., H.I.C,
S.O., and N.K. The first draft of the manuscript was written
by S.N.K., H.I.C., and N.K., and all authors commented on
previous versions of the manuscript. All authors read and
approved the final manuscript.

Clinical Trial Registration Code: NCT04932538
(https://clinicaltrials.gov/ct2/show/NCT04932538)

Conflict of Interests: Funding: No funds, grants, or other
support were received. The authors have no competing in-
terests to declare that are relevant to the content of this ar-
ticle.

Data Reproducibility: The dataset presented in the study
is available on request from the corresponding author dur-
ing submission or after its publication. The data are not
publicly available due to the privacy of personal data.

Ethical Approval: This study was performed in line
with the principles of the Declaration of Helsinki. This
study was approved by the Ethics Committee of Gazi Uni-
versity (No: E113201) and registered at ClinicalTrials.gov
(NCT04932538).

Funding/Support: No funding is reported.

Informed Consent: Informed consent was obtained from
all children and their parents. Informed consent to pub-
lish was obtained from children and their parents.

References

1. Rosenbaum P, Paneth N, Leviton A, Goldstein M, Bax M, Damiano
D, et al. A report: the definition and classification of cerebral palsy
April 2006. Dev Med Child Neurol Suppl. 2007;109:8–14. [PubMed ID:
17370477].

2. Oskoui M, Coutinho F, Dykeman J, Jette N, Pringsheim T. An up-
date on the prevalence of cerebral palsy: a systematic review and
meta-analysis. Dev Med Child Neurol. 2013;55(6):509–19. [PubMed ID:
23346889]. https://doi.org/10.1111/dmcn.12080.

3. Kerr Graham H, Selber P. Musculoskeletal aspects of cerebral
palsy. J Bone Joint Surg Br. 2003;85(2):157–66. [PubMed ID: 12678344].
https://doi.org/10.1302/0301-620x.85b2.14066.

4. Odding E, Roebroeck ME, Stam HJ. The epidemiology of
cerebral palsy: incidence, impairments and risk factors.
Disabil Rehabil. 2006;28(4):183–91. [PubMed ID: 16467053].
https://doi.org/10.1080/09638280500158422.

5. Elnahhas AM, Elshennawy S, Aly MG. Effects of backward gait train-
ing on balance, gross motor function, and gait in children with cere-
bral palsy: a systematic review. Clin Rehabil. 2019;33(1):3–12. [PubMed
ID: 30043634]. https://doi.org/10.1177/0269215518790053.

6. Bjornson KF, Zhou C, Stevenson RD, Christakis D. Relation of stride
activity and participation in mobility-based life habits among
children with cerebral palsy. Arch Phys Med Rehabil. 2014;95(2):360–
8. [PubMed ID: 24231402]. [PubMed Central ID: PMC3946862].
https://doi.org/10.1016/j.apmr.2013.10.022.

7. Smits DW, Gorter JW, Ketelaar M, Van Schie PE, Dallmeijer AJ,
Lindeman E, et al. Relationship between gross motor capac-
ity and daily-life mobility in children with cerebral palsy. Dev
Med Child Neurol. 2010;52(3):e60–6. [PubMed ID: 20002126].
https://doi.org/10.1111/j.1469-8749.2009.03525.x.

8. In TS, Jung JH, Kim M, Jung KS, Cho HY. Effect of Posterior Pelvic
Tilt Taping on Pelvic Inclination, Muscle Strength, and Gait Abil-
ity in Stroke Patients: A Randomized Controlled Study. J Clin Med.
2021;10(11). [PubMed ID: 34071351]. [PubMed Central ID: PMC8198939].
https://doi.org/10.3390/jcm10112381.

9. Al-Abdulwahab SS, Al-Khatrawi WM. Neuromuscular electrical stim-
ulation of the gluteus medius improves the gait of children with
cerebral palsy. NeuroRehabilitation. 2009;24(3):209–17. [PubMed ID:
19458427]. https://doi.org/10.3233/NRE-2009-0470.

10. Salazar-Torres JJ, McDowell BC, Kerr C, Cosgrove AP. Pelvic kine-
matics and their relationship to gait type in hemiplegic cere-
bral palsy. Gait Posture. 2011;33(4):620–4. [PubMed ID: 21454079].
https://doi.org/10.1016/j.gaitpost.2011.02.004.

11. Guchan Z, Mutlu A. The effectiveness of taping on children with cere-
bral palsy: a systematic review. DevMed Child Neurol. 2017;59(1):26–30.
[PubMed ID: 27476831]. https://doi.org/10.1111/dmcn.13213.

8 Iran J Pediatr. 2023; 33(1):e129664.

http://www.ncbi.nlm.nih.gov/pubmed/17370477
http://www.ncbi.nlm.nih.gov/pubmed/23346889
https://doi.org/10.1111/dmcn.12080
http://www.ncbi.nlm.nih.gov/pubmed/12678344
https://doi.org/10.1302/0301-620x.85b2.14066
http://www.ncbi.nlm.nih.gov/pubmed/16467053
https://doi.org/10.1080/09638280500158422
http://www.ncbi.nlm.nih.gov/pubmed/30043634
https://doi.org/10.1177/0269215518790053
http://www.ncbi.nlm.nih.gov/pubmed/24231402
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3946862
https://doi.org/10.1016/j.apmr.2013.10.022
http://www.ncbi.nlm.nih.gov/pubmed/20002126
https://doi.org/10.1111/j.1469-8749.2009.03525.x
http://www.ncbi.nlm.nih.gov/pubmed/34071351
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8198939
https://doi.org/10.3390/jcm10112381
http://www.ncbi.nlm.nih.gov/pubmed/19458427
https://doi.org/10.3233/NRE-2009-0470
http://www.ncbi.nlm.nih.gov/pubmed/21454079
https://doi.org/10.1016/j.gaitpost.2011.02.004
http://www.ncbi.nlm.nih.gov/pubmed/27476831
https://doi.org/10.1111/dmcn.13213


Kemer SN et al.

12. Kaya Kara O, Atasavun Uysal S, Turker D, Karayazgan S, Gunel MK,
Baltaci G. The effects of Kinesio Taping on body functions and ac-
tivity in unilateral spastic cerebral palsy: a single-blind randomized
controlled trial. Dev Med Child Neurol. 2015;57(1):81–8. [PubMed ID:
25213082]. https://doi.org/10.1111/dmcn.12583.

13. Morris D, Jones D, Ryan H, Ryan CG. The clinical effects
of Kinesio(R) Tex taping: A systematic review. Physiother
Theory Pract. 2013;29(4):259–70. [PubMed ID: 23088702].
https://doi.org/10.3109/09593985.2012.731675.

14. Hadders-Algra M. The neuronal group selection theory: promis-
ing principles for understanding and treating developmental mo-
tor disorders. Dev Med Child Neurol. 2000;42(10):707–15. [PubMed ID:
11085302]. https://doi.org/10.1017/s0012162200001316.

15. Ahmadizadeh Z, Aminianfar A, Ayoubi K. Immediate and Short-term
Effect of Quadriceps Kinesio-Taping on Postural Sway in Children
with Spastic Cerebral Palsy: A Before-After Trial. Middle East J Rehabil
Health Stud. 2021;8(4). https://doi.org/10.5812/mejrh.104139.
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