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Objectives:  The  purpose  of this  study  was  to  test  whether  certain  applications  of  Kinesio  tapes  might
facilitate  contraction  and  increase  muscle  strength  in  healthy  adults.
Design:  A  meta-analysis  of  studies  investigating  the efficacy  of Kinesio  tapes  application  was  performed.
Methods:  The  scientific  databases  Pubmed  and  Google  Scholar  were  systematically  searched  for  appro-
priate  articles.  Descriptive  statistics  were extracted  to calculate  measures  of effect  size (Pearson’s  r)  and
estimate  the  overall  population  effect.  The  methodological  quality  of the  included  studies  was  assessed
using  a  specific  quality  appraisal  tool.  In  addition,  the  included  studies  were  grouped  according  to  the
muscle  groups  examined,  to  test  whether  Kinesio  tapes  effects  were  dependent  on  the area  of application.
Results:  A total  of 19  studies,  comprising  data  of  530 subjects  and  48 pairwise  comparisons  of  muscle
strength  were  included.  The  methodological  quality  of  these  studies  ranged  from  moderate  to  good.
While  substantial  variability  of  individual  effect  sizes  was  observed,  the  overall  population  effect  (r =  0.05,

CI:  −0.23  to 0.34)  suggests  that,  on average,  the  potential  to  increase  strength  by  application  of  Kinesio
tapes  is negligible.  Comparisons  between  studies  grouped  by  the muscle  groups  examined  showed  that
the  effects  of  Kinesio  tapes  are  not  muscle-group  dependent.
Conclusions:  While  the  application  of Kinesio  tapes  may  have some  therapeutic  benefits,  the  usage  of
these  tapes  does  not  promote  strength  gains  in healthy  adults.

© 2014  Sports  Medicine  Australia.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

Kinesio tapes (KT), the colourful elastic cotton strips with an
crylic adhesive that may  be stretched to up to 140% of their origi-
al length, were invented by the Japanese chiropractor Kenzo Kase

n the 1970s. After a first worldwide exposure during the 1988
eoul Summer Olympics, these special tapes quickly developed to
ecome a widely used physiotherapeutic tool for the treatment
f various musculoskeletal disorders and further clinical condi-
ions, and faced a surge in popularity following the 2008 Summer
lympics in Beijing, where, amongst others, the U.S. beach vol-

eyball gold medalist Kerri Walsh appeared wearing the tapes
ollowing a previous rotator cuff injury on her right shoulder.
Please cite this article in press as: Csapo R, Alegre LM.  Effects of Kinesio
evidence. J Sci Med  Sport (2014), http://dx.doi.org/10.1016/j.jsams.201

ccording to their inventor, KT may  promote different therapeu-
ic objectives, including pain inhibition, improved circulation and
ymphatic drainage or a reduction of delayed onset of muscle

∗ Corresponding author.
E-mail address: rcsapo@ucsd.edu (R. Csapo).

ttp://dx.doi.org/10.1016/j.jsams.2014.06.014
440-2440/© 2014 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserve
soreness (for a comprehensive summary see Bassett and
colleagues1). The question whether or not KT application may
have any clinically significant benefits is the subject of ongoing
research, with the most recent systematic reviews concluding that
there is some anecdotal support but still little quality evidence to
recommend the usage of KT for the prevention or treatment of
musculoskeletal injuries.2–4

Apart from its alleged clinical usefulness, Kase also suggested
that the tapes may  be used to modulate muscle tone5 – a claim
that received support from reports of augmented muscle activ-
ity following KT application in the direction from muscle origin
to insertion.6–8 Although the precise physiological mechanisms
underlying the proposed greater motoneuron recruitment have not
been elucidated yet, the exciting prospect of being able to positively
affect a muscle’s function via an intervention as simple as the exter-
nal application of tapes has resulted in an exponential increase of
® taping on skeletal muscle strength—A meta-analysis of current
4.06.014

studies designed to test the hypothesis that the cutaneous stimula-
tion provided by KT might indeed serve to increase muscle strength.
For instance, a Google Scholar research for the terms “kinesio tape”
combined with “muscle strength” resulted in only three papers

d.

dx.doi.org/10.1016/j.jsams.2014.06.014
dx.doi.org/10.1016/j.jsams.2014.06.014
http://www.sciencedirect.com/science/journal/14402440
http://www.elsevier.com/locate/jsams
mailto:rcsapo@ucsd.edu
dx.doi.org/10.1016/j.jsams.2014.06.014
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ublished up until the year 2000, but this number increased to 14
n 2007 and further to an impressive total of 216 in 2013. These fig-
res notwithstanding, the studies published to date differ strongly

n the cohorts and muscle groups examined and were, on many
ccasions, conducted in relatively small samples (e.g. Refs. 9–11,

 < 10). Moreover, the results reported in these works are contra-
ictory, with some studies lending at least partial support to the
ostulated strength-promoting effect of KT application6,12–14 and
thers disqualifying KT as entirely ineffective.15–17 In the light of
his conflicting evidence, uncertainty remains regarding the true
erformance-enhancing potential of KT application, and only a syn-
psis of data can help to shed light on this issue.

Very recently, Drouin and colleagues conducted a systematic
eview of the literature on the effects of KT on measures of ath-
etic performance.18 While the authors concluded that “evidence
s lacking to support the use of kinesiotape as a successful mea-
ure for improving athletic-based performance”, we  found that the
iterature research performed in this study, strongly selective by
irtue of the databases searched, falls short of reflecting the con-
iderable amount of evidence published in this field of research.
urther, being a review but not a meta-analysis, the work by Drouin
t al.18 is confined to a descriptive comparison of study results.
ith these limitations in mind, we aimed to expand on previous

fforts by conducting the most comprehensive literature research
ossible and combining the results from different studies for the
tatistical analysis of pooled data. The ultimate goal of the present
eta-analysis was to evaluate the effectiveness of KT application

n increasing muscle strength in healthy individuals.

. Methods

The online databases Pubmed and Google Scholar were sys-
ematically searched for the search terms “kinesio taping”,
kinesio-taping”, “kinesiotaping”, “kinesio tape”, “kinesio-tape”,
kinesiotape”, “kinaesthetic taping” or “kinaesthetic tape”, in com-
ination with “strength” or “performance”. Following the database
earch, both authors of the present study independently selected
he articles to be considered for further analysis according to the
ollowing criteria: articles had to be published in peer reviewed
ournals, test the effectiveness of KT application on maximum
keletal muscle strength and be available in English language.
ome articles reported the performance in complex tasks, such as
ounter-movement jumps19 or squats.20 While these measures do
eflect muscle strength, they may  be affected by the performance
f muscles not targeted with the KT intervention. Such articles
ere excluded from further analysis. Conference papers were also

ncluded if they met  the above criteria and provided sufficiently
etailed information to allow for further statistical analyses. Stud-

es examining clinical populations or those in which KT was not
he sole intervention possibly affecting the outcome parameters
ere excluded. After consultation, the authors decided to exclude

ne additional paper21 because it provided insufficient information
bout the strength tests performed and the KT-associated strength
ains reported in this study seemed unrealistically high. The liter-
ture research is up-to-date as of March 2014.

Means and standard deviations of the measurements of mus-
le strength were extracted from all included studies and used to
alculate Pearson’s coefficients as measures of effect size. For this
urpose, t-statistics were first calculated using Eq. (1)

 = xKT − xCTRL√ ,  (1)
Please cite this article in press as: Csapo R, Alegre LM.  Effects of Kinesio
evidence. J Sci Med  Sport (2014), http://dx.doi.org/10.1016/j.jsams.201

(SDKT/nKT) + (SDCTRL/nCTRL)

here xKT and xCTRL are the group means, SDKT and SDCTRL the
espective standard deviations, and nKT and nCTRL the sample sizes,
 PRESS
 Medicine in Sport xxx (2014) xxx–xxx

respectively. Subsequently, the so-derived t-values were converted
into Pearson’s r according to Eq. (2)

r =
√

t2

t2 + df
, (2)

where df represents the degrees of freedom. In studies using a
repeated-measures design, the measurements obtained without
KT were considered as CTRL group values. Some studies made use
of a mixed study design, in which both KT and CTRL group were
tested on two  occasions (for subjects assigned to the treatment
group measurements were obtained before and after application
of KT). In these cases, effect sizes were calculated based on the dif-
ference of strength changes as measured in both groups, and the
pooled pre-test standard deviation.22 For all effect sizes, standard
errors were determined to obtain the 95% confidence intervals (CIs).
For this purpose, the values of r were first converted into standard
z-scores via Fisher transformation (Eq. (3)):

z = 0.5 · ln
(

1 + r

1 − r

)
. (3)

Subsequently, standard errors of z were calculated according to
Eq. (4)

SE = 1√
n − 3

, (4)

where n represents the total sample size, and used to determine
the 95% CIs for z (Eq. (5)):

CI1,2 = z ± 1.96 · SE. (5)

Finally, the z-CIs were converted back to the scale of r (Eq. (6)):

rCI = exp(2z)  − 1
exp(2z) + 1

. (6)

Several studies reported isokinetic strength test data that were
obtained from different muscle groups, contraction modes or
movement velocities. On such occasions, effect sizes were inde-
pendently calculated for all experimental conditions. In cases when
treatment effects were reported at different times after the inter-
vention, only the results obtained immediately after KT application
were considered for further analysis. Similarly, several studies
investigated the effects of both facilitating and inhibiting tap-
ing applications. Here, only the data obtained with a purportedly
facilitating KT application (from muscle origin to insertion) were
extracted. When results were independently reported for men  and
women, right and left extremities or subgroups formed on the basis
of other non-health related criteria, respectively, effect sizes were
calculated for the average of both values. On some occasions, results
were only reported graphically, requiring the extraction of numer-
ical data using ImageJ (ImageJ 1.47v, NIH, Bethesda, MD, USA).
After calculation of effect sizes for all included studies, the pop-
ulation effect was  estimated using the Hunter-Schmidt method, as
described by Field and Gillett.23 This method calculates the total
sample effect r as the mean of all k effect sizes ri, whereby each
effect size is weighted by the sample size ni on which it is based
(Eq (7)):

r̄ =
∑k

i=1niri∑k
i=1ni

. (7)

Finally, a forest plot was generated to visually compare the sin-
gle effect sizes with the final pooled statistic.24

In addition to the calculation of effect sizes, the methodolog-
® taping on skeletal muscle strength—A meta-analysis of current
4.06.014

ical quality of all included studies was assessed using the quality
appraisal tool for the evaluation of case series studies developed by
the Institute of Health Economics25 (IHE scale). This particular tool
was chosen because, unlike other evaluation systems commonly

dx.doi.org/10.1016/j.jsams.2014.06.014
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sed in physiotherapy,26 it allows for the scientific quality of non-
ontrolled studies, which represented the vast majority of articles
ncluded in the present meta-analysis, to be rated. To improve the
omparability between studies using different designs, we decided
o apply the IHE scale also for the evaluation of the remainder of
ontrolled studies and those using a combined pretest–posttest-
ontrol group design. In such cases, one point was  always awarded
or questions 11, 13 and 14, which are specific to studies with a
epeated-measures design (see Table 2). The IHE scale originally
onsists of 18 items, out of which one addresses the question
hether adverse effects potentially related to the intervention
ere clearly reported. Since there are no adverse effects associated
ith KT-application, this item was considered as not applicable and,

herefore, omitted.
Following a test of distributional normality of interval-scaled

ariables (Kolmogorov–Smirnov test, p < 0.05 in all cases), Spear-
an’s correlation coefficients were used to assess potential

elationships between the methodological quality, the sample
ize studied and the magnitude of the effect observed. Further,
ann–Whitney U- or Kruskal–Wallis tests were performed to

stablish whether effect sizes or IHE scores differed in dependency
f the question whether significant KT-associated improvements
ere found, or the muscle groups examined in a given study,

espectively. Associations between categorical data were tested
y Pearson’s Chi-Square analysis. All tests were carried out using
PSS for Mac  OSX (SPSS 21.0, SPSS Inc., Chicago, IL, USA) and the
tatistical level of significance was set at  ̨ = 0.05.

. Results

The initial search resulted in a total of 4890 articles. By screen-
ng the titles and abstracts, 147 of these papers were identified
s potentially relevant and considered for further analysis. After
iscarding duplicates and exclusion of studies according to the
riteria outlined above, 19 articles were included in the present
eta-analysis. The precise process of literature research and selec-
Please cite this article in press as: Csapo R, Alegre LM.  Effects of Kinesio
evidence. J Sci Med  Sport (2014), http://dx.doi.org/10.1016/j.jsams.201

ion is reflected in the flow chart shown in Fig. S1 (supplemental
aterial).
Supplementary Fig. S1 related to this article can be found, in the

nline version, at doi:10.1016/j.jsams.2014.06.014.

able 1
haracteristics of the studies included into the present meta-analysis.

Number Study Year Design Muscle group n (tot) 

1 Aktas et al. 2011 RMD  KE 20 

2  Chang et al. 2010 RCT GS 21 

3  Csapo et al. 2012 RMD  PF 24 

4  Donec et al. 2012 RCT GS, Other 54 

5  Fratocchi et al. 2012 RMD  Other 20 

6  Fu et al. 2008 RMD  KE, KF 14 

7  Gómez-Sorian et al. 2013 RMD  PF, DF 19 

8  Kim et al. 2013 RMD  KE, KF 8 

9  Kuo et al. 2013 RMD  GS, Other 19 

10  Lee et al. 2010 RMD  GS 40 

11  Lee et al. 2012 RMD  PF 20 

12  Lins et al. 2013 PPC KE 60 

13  Lumbroso et al. 2014 RMD  KF 36 

14  Merino et al. 2012 PPC GS 31 

15  Ptak et al. 2013 PPC Other 52 

16  Solomon et al. 2013 RMD  KE 8 

17  Vercelli et al. 2012 RMD  KE 34 

18  Vithoulka et al. 2010 RMD  KE 20 

19  Wong et al. 2012 RMD  KE, KF 30 

Total 530 

Mean ± SD 27.9 ± 14

ote: In studies using a repeated measures design (RMD) subjects served as their own  con
E,  knee extension; KF, knee flexion; GS, grip strength; PF, ankle plantarflexion; DF, ankle
 PRESS
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Out of the 19 articles finally included, 156,9–11,13–15,17,27–33

(78.9%) used a repeated-measures study design, one was con-
ducted as randomized controlled trial12 (5.3%) and three16,34,35

(15.8%) tested the effect of KT application by means of a mixed
pretest–posttest-control group design, in which both the experi-
mental and the control group were independently tested on two
occasions. In total, the included studies reflect data from 530 sub-
jects, comprising 312 women (58.87%) and 218 men  (41.13%) with
an average age of 23.6 ± 3.0 years. It should be noted that the
number of datasets used for the comparisons of muscle strength
with or without KT (see Table 1) differed slightly from this num-
ber, since the authors of several studies additionally investigated
further experimental conditions, such as placebo tapes,9,12,16 split
their sample to study the effects of KT application on different mus-
cle groups,13 or based their conclusions on bilateral measurements
of muscle strength.12,34

The results of the evaluation of the methodological quality
of studies, as measured by the IHE scale,25 are summarized in
Table 2. On average, the included studies were awarded 12.2 ± 2.2
out of 17 possible points (range 8–15). The average scores were
lowest for questions 3 and 5, which are related to the study
sample recruitment process. Here, only one study included sub-
jects from multiple centres9 or, as opposed to the convenience
cohorts typically studied, explicitly stated that subjects were
recruited randomly and consecutively.16 By contrast, all stud-
ies were awarded points for the clear description of the study
population (question 2), the appropriateness of eligibility crite-
ria (question 4), the comparable status of participants assigned
to test and control group (question 6), and for reporting the
outcome measures with and without KT (question 11). Since
studies involving multiple interventions (in addition to KT appli-
cation) were excluded, all studies were also awarded one point
for question 8. Correlational analyses revealed that the IHE score
correlated positively with sample size (R = 0.64, p < 0.001). By con-
trast, Kruskal–Wallis tests showed that the methodological quality
did not differ between studies examining different muscle groups
(�2 = 6.44, df = 4, p = 0.169).
® taping on skeletal muscle strength—A meta-analysis of current
4.06.014

The parameter predominantly studied was knee extension
strength which was  assessed in 8 studies (42.1%),10,11,14–17,27,33 fol-
lowed by grip (5 studies, 26.3%),9,12,30,31,34 knee flexor10,13,15,33 and
ankle plantarflexor strength13,29,32,6 (each 4 studies, 21.1%). The

n (KT) n (CTRL) Men  Women Age

20 – 9 11 23.8
7 7 21 0 20.9

24 – 12 12 24.5
32 54 20 34 27.9
20 – 17 3 23.6
14 – 7 7 19.7
19 – 8 11 23.8

8 – 8 0 29.0
19 – 8 11 18.9
40 – 20 20 23.4
20 20 0 20.3
20 20 0 60 23.3
36 – 15 21 25.7
31 31 23 8 23.7
32 20 0 52 22.0

8 – 0 8 20.2
34 – 16 18 23.0
20 – 0 20 27.0
30 – 14 16 28.4

434 132 218 312
.9 22.8 ± 9.8 26.4 ± 17.6 11.5 ± 7.8 16.4 ± 16.4 23.6 ± 3.0

trols. RCT, randomized controlled trial; PPC, pretest–posttest control group design;
 dorsiflexion.

dx.doi.org/10.1016/j.jsams.2014.06.014
http://dx.doi.org/10.1016/j.jsams.2014.06.014
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Table 2
Evaluation of the level of evidence of the included studies using the quality appraisal tool for the evaluation of case series studies developed by the Institute of Health
Economics (IHE scale).

Aktas
et al.,
2011

Chang
et al.,
2010

Csapo
et al.,
2012

Donec
et al.,
2012*

Fratocchi
et al.,
2012

Fu
et al.,
2008

Gómez-
Soriano
et al.,
2013

Kim
et al.,
2013

Kuo
et al.,
2013

Lee
et al.,
2010

Lee
et al.,
2012

1 Hypothesis clear 0 1 1 0 1 0 0 0 0 0 0
2  Population clearly

described
1 1 1 1 1 1 1 1 1 1 1

3  Participants from multiple
centres

0 1 0 0 0 0 0 0 0 0 0

4  Eligibility criteria
appropriate

1 1 1 1 1 1 1 1 1 1 1

5  Participants recruited
consecutively

0 0 0 0 0 0 0 0 0 0 0

6  Similar status of
participants at study begin

1 1 1 1 1 1 1 1 1 1 1

7  Intervention clearly
described

1 1 1 1 1 1 1 1 1 1 1

8  Additional interventions
clearly reported

1 1 1 1 1 1 1 1 1 1 1

9  Outcome measures clearly
described

1 1 1 0 1 1 1 0 1 1 0

10  Appropriate methods 1 1 1 1 1 1 1 0 1 1 0
11  Outcomes measured before

& after intervention
1 1 1 1 1 1 1 1 1 1 1

12  Statistical tests appropriate 1 1 1 1 1 1 1 0 1 1 0
13  Length of follow-up

reported
1 1 0 1 1 1 1 0 1 1 0

14  Loss to follow-up reported 0 0 0 1 0 0 0 0 0 0 0
15  Random variability of

outcomes reported
0 1 1 1 1 1 1 1 1 1 1

16  Conclusions supported by
results

0 1 1 1 1 1 1 1 1 0 1

17  Competing interests and
support declared

1 1 1 1 1 0 0 0 0 1 0

Total  out of 17 11 15 13 13 14 12 12 8 12 12 8

Lins
et  al.,
2013*

Lumbroso
et al.,
2014

Merino
et al.,
2012*

Ptak
et al.,
2013*

Solomon
et al.,
2013

Vercelli
et al.,
2012

Vithoulka
et al.,
2010

Wong
et al.,
2012

Criterion
fulfilled
in % of
studies

1 Hypothesis clear 1 1 0 1 0 1 0 0 36.8%
2  Population clearly

described
1 1 1 1 1 1 1 1 100.0%

3  Participants from multiple
centres

0 0 0 0 0 0 0 0 5.3%

4  Eligibility criteria
appropriate

1 1 1 1 1 1 1 1 100.0%

5  Participants recruited
consecutively

1 0 0 0 0 0 0 0 5.3%

6  Similar status of
participants at study begin

1 1 1 1 1 1 1 1 100.0%

7  Intervention clearly
described

1 1 1 1 0 1 1 1 94.7%

8  Additional interventions
clearly reported

1 1 1 1 1 1 1 1 100.0%

9  Outcome measures clearly
described

1 1 1 1 0 1 1 1 78.9%

10  Appropriate methods 1 0 1 1 0 1 1 1 78.9%
11  Outcomes measured before

& after intervention
1 1 1 1 1 1 1 1 100.0%

12  Statistical tests appropriate 1 1 1 0 1 1 0 1 78.9%
13  Length of follow-up

reported
1 1 1 1 0 1 1 1 78.9%

14  Loss to follow-up reported 1 0 1 1 0 1 0 0 26.3%
15  Random variability of

outcomes reported
1 1 1 1 1 1 1 1 94.7%

16  Conclusions supported by
results

1 1 1 1 1 1 1 1 89.5%

17  Competing interests and
support declared

0 1 1 1 0 0 0 1 52.6%

Total out of 17 15 13 14 14 8 14 11 13

Note: For controlled studies (labelled with *) one point was  always awared for questions 11, 13 and 14.

dx.doi.org/10.1016/j.jsams.2014.06.014
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ig. 1. Forest plot of effect sizes calculated for each of the studies included and all e
tudy. Note the estimated overall population effect (total) at the bottom.

erformance in tests to determine finger pinch,12 elbow flexion,28

nkle dorsiflexion,29 wrist and middle finger extension30 as well
s trunk flexion35 strength was measured in 1 study each. It
ust be pointed out that studies including isokinetic dynamom-

try typically reported strength as measured at various angular
elocities10,14–17,27,33,35 or in different contraction modes.28 Thus,
Please cite this article in press as: Csapo R, Alegre LM.  Effects of Kinesio
evidence. J Sci Med  Sport (2014), http://dx.doi.org/10.1016/j.jsams.201

he data included in this meta-analysis allowed for a total of 48
omparisons of muscle strength with or without KT. Significant
T-associated improvements in strength were reported in eight
ut of the 19 studies included10,12–14,27,30,31,6 and for 13 out of
ental conditions tested. The marker size reflects the sample size of the respective

the 48 pairwise comparisons (27.1%) made. A Mann–Whitney U-
test used to compare IHE scores between papers reporting or not
reporting significant improvements showed that the methodolog-
ical quality of studies tended to be lower in cases were significant
KT-associated improvements were found (mean ± SD (mean rank):
12.49 ± 1.74 (18.54) for studies reporting significant improvements
® taping on skeletal muscle strength—A meta-analysis of current
4.06.014

vs. 11.08 ± 2.2 (26.71) for studies not finding statistical improve-
ments; U = 150, p = 0.063). Pearson’s Chi Square analysis revealed
no association between significant improvements and the muscle
group studied (�2 = 2.536, p = 0.638).

dx.doi.org/10.1016/j.jsams.2014.06.014
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The effect sizes calculated from the descriptive statistics
eported for the 48 pairwise comparisons as well as the associ-
ted 95% CIs are evident from the forest plot shown in Fig. 1. For
ndividual studies, the effect sizes ranged between −0.25 < r < 0.49.
pearman’s correlation coefficients suggested that effect sizes were
either related to IHE scores (R = 0.05, p = 0.725) nor sample sizes
R = 0.08, p = 0.601). Similarly, non-significant Kruskal–Wallis test
esults indicated that effect sizes did not differ between studies
xamining the effect of KT application onto different muscle groups
�2 = 0.91, df = 4, p = 0.924). The overall population effect, as esti-

ated by the Hunter-Schmidt method,23 was found to be r = 0.05
ith a 95% CI from −0.23 to 0.34.

. Discussion

The aim of the present study was to investigate, based on a syn-
psis of scientific literature, the strength-enhancing potential of KT
pplication in healthy subjects. Our results are based on the meta-
nalysis of 19 articles and comprise the data acquired in a total of
30 subjects. While substantial heterogeneity of study results was
bserved, the calculation of an overall population effect (r = 0.05)
uggests that the application of KT does not significantly affect
uscle strength.
The majority of studies included into our meta-analysis (∼79%)

nvestigated the effects of KT using a repeated-measures design,
hile only ∼21% of studies were conducted as controlled exper-

ments. While quasi-experimental designs are characterized by a
ower internal validity, they maximize statistical power and exter-
al validity and are, therefore, frequently applied in sports physical
herapy.36 To evaluate the level of evidence of the studies included,
e applied a slightly modified version of the IHE scale, a tool

ecently developed by Moga and colleagues25 using the Delphi
echnique. Although the IHE scale has been specifically designed
or the evaluation of non-controlled studies, we decided to also use
t for the assessment of the remaining, controlled experiments, to
mprove the comparability of results. The results of this evaluation
howed that the methodological quality ranged from moderate to
ery good (IHE score: 8–15 points), with an average of ∼12 out
f 17 possible points awarded (see Table 2). While, in most cases,
tudies were designed as single-centre, convenience sample trials,
esulting in low scores on the respective questions 3 and 5 (IHE
core: 0.1), we considered the eligibility criteria for participant
election to be appropriate in all studies (IHE score: 1.0). Impor-
antly, studies also scored highly on questions 7 (IHE score: 0.9), 10
nd 12 (IHE score: 0.8), related to the clarity of the description of the
aping intervention, the appropriateness of the methods to measure
trength and the statistical procedures applied, respectively. Based
n these scores, we consider the methodological quality of studies
nvestigating the efficacy of KT in improving strength as appro-
riate and the resulting scientific body of evidence as sufficiently
ignificant.

The question whether or not certain KT application techniques
ight facilitate the generation of greater muscular forces has, in

ecent years, been a subject of controversial debate. Proponents of
he technique have claimed that the application of KT in the direc-
ion from muscle origin to insertion5 would result in augmented

uscle strength. While the physiological principles underlying
uch strength gains have never been cogently elucidated, it has
een speculated that cutaneous stimulation provided by the tapes,
ossibly involving the slowly adapting type 2 mechanorecep-
ors located deep in the dermis,37,38 might induce greater motor
Please cite this article in press as: Csapo R, Alegre LM.  Effects of Kinesio
evidence. J Sci Med  Sport (2014), http://dx.doi.org/10.1016/j.jsams.201

nit recruitment, resulting in an increase in muscle strength.
tudies involving surface EMG  recordings performed by us6 and
thers7,9 indeed suggest that KT may  provoke greater electromyo-
raphic activity in different muscle groups, thus lending some
 PRESS
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support to this claim. Further hypotheses to explain the alleged
strength enhancing effect of certain taping applications included a
continuous concentric pull on the fascia that has been proposed
to stimulate increased muscle contraction,39 the shortening of the
distance between muscle origin and insertion which might opti-
mize the length–tension relationship of a muscle,40 as well as a
beneficial influence on joint alignment.41

In our meta-analysis, eight out of 19 studies (42.1%) reported at
least some statistically significant, beneficial effect of KT applica-
tion on muscle strength.10,12–14,27,30,31,6 Closer scrutiny, however,
revealed that significant improvements were only found in 13 out of
48 comparisons of muscle strength made in these studies (27.1%).
The effect sizes determined for each of these comparisons were
found to lie between −0.25 < r < 0.49, reflecting a wide array of study
outcomes, ranging from weakly negative to moderately positive
effects. Taking sample sizes into account,23 an overall population
effect was  calculated on the basis of the so-determined effect sizes.
The result of this analysis (r = 0.05, CI: −0.23 to 0.34) suggests that,
while the CI warrants caution in the interpretation of results, the
potential of KT application to improve muscle strength is negligible.
Previous results from studies investigating the effect of KT on dif-
ferent muscle groups suggested that the strength-enhancing effect
of the intervention may  be muscle-dependent.12,30 Our analyses,
however, revealed that the question whether significant improve-
ments were found did not depend on the muscle groups studied.
Further, no statistically significant differences in average effect
sizes were found between studies grouped by the muscle groups
examined. While the strength-enhancing potential of KT applica-
tion does not seem to differ between muscles, it is of note that IHE
scores, reflecting the methodological quality of studies included,
tended to be lower in those articles reporting significant KT effects,
although a direct relationship between effect sizes and IHE scores
could not be established. Thus, it seems as if studies of somewhat
lower methodological quality were more likely to report beneficial
KT effects.

To summarize, the results of this meta-analysis suggest that
the efficacy of KT in improving muscle strength has been tested in
numerous investigations. The majority of these works used a non-
controlled, repeated-measures design, but the level of evidence was
still considered to be sufficiently high to allow for valid conclusions.
While the variability of effect sizes calculated for each of the com-
parisons of muscle strength made in these studies was  relatively
large, the overall population effect was  close to zero, indicating that
the potential to increase muscle strength by applying KT is negli-
gible. Our data further suggest that the effectiveness of KT is not
muscle-group dependent. Studies of lower methodological quality
may be more likely to favourably evaluate the intervention.

5. Conclusions

• The strength-enhancing potential of KT application in healthy
subjects has been investigated in numerous scientific investiga-
tions.

• The application of KT to facilitate muscular contraction has no or
only negligible effects on muscle strength.

• The strength-enhancing effects of KT are not muscle-group
dependent.

• The overall methodological quality of studies investigating the
potential of KT to improve muscle strength is moderate to good
and tends to be lower in studies reporting significant effects.
® taping on skeletal muscle strength—A meta-analysis of current
4.06.014

Practical implications

• Current evidence suggests that knee extensor and flexor as well
as ankle plantarflexor and grip strength cannot be improved by

dx.doi.org/10.1016/j.jsams.2014.06.014


 ING Model
J

e and

•

G

D

A

s
o

R

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

ARTICLESAMS-1053; No. of Pages 7

R. Csapo, L.M. Alegre / Journal of Scienc

KT application in young (∼25 years) and healthy subjects of both
sexes.
Conclusions about the strength-enhancing effects of KT applica-
tion on other muscle groups and in other cohorts, such as healthy
elderly subjects, require further investigation.
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