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Abstract: Coordination of muscle activity is determined by the recruitment order of agonists and
synergists that results from their onset times. Motor recruitment deficits are possible. This study
examined the acute and prolonged effects of three different techniques of the kinesio taping method
in optimizing the intermuscular coordination within the lumbo—pelvic-hip complex. The sample
consisted of 56 healthy participants of both genders, randomly divided into equal groups by kinesio
taping muscle facilitation, muscle inhibition and functional correction technique, and placebo kinesio
taping condition. The onsets of the ipsilateral and contralateral erector spinae muscles, in relation
to the semitendinosus muscle of the tested leg, were measured using the surface electromyography,
during the active performance of the prone hip extension test. Time span was also determined.
Measurements were performed at baseline, 60 min, and 48 h post-intervention. For the control
group, we did not find statistically significant differences in the onset between the measurement
points (p > 0.05), while in the experimental groups, there was a significant delay in the onset of
the contralateral erector spinae (p < 0.001) in the second and third measurement points. These
results indicate that the kinesio taping method can optimize the intermuscular coordination, with the
potential for primary injury prevention.

Keywords: kinesio taping; intermuscular coordination; prone hip extension; surface electromyography;
onset

1. Introduction

The lumbo-pelvic-hip complex is a paradigmatic entity in the analysis of human
posture, with structural and functional connections of the trunk and lower extremities [1].
Optimal recruitment patterns of synergistic muscles with an appropriate order are con-
sidered important for efficient lumbar spine function [2]. Changes in muscle activation
patterns are manifested by shortened or delayed onset times. Changes in onset can result
in changes in the recruitment order to perform a specific motor task. Thus, for example, hip
extension can be compensatory initiated and dominantly performed by trunk extensors.

Prone hip extension test is used to examine the function of the lumbo—pelvic-hip
complex [3], through the assessment of the motor pattern of the lumbo-pelvic-hip complex,
i.e., intermuscular coordination in the background of segmental hip extension with the
lower leg extended [4].

Kinesio taping is a therapeutic method developed in Japan at the beginning of the last
quarter of the twentieth century. It includes eight different techniques using a self-adhesive
elastic tape that, by imitating the elastic properties of the skin, replicates the tactile stimulus
of the therapist’s hands placed on the skin [5].

Kinesio taping is used in the prevention and rehabilitation of various conditions related
to sports and recreational, as well as professional, activities in the general population. It
can lead to a reduction in pain [5], the most common symptom resulting from muscle
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and connective tissue dysfunction with repercussions on joints, whilst not preventing or
limiting movement. Kinesio taping provides active support to the musculoskeletal system,
through the improvement of impaired proprioception [6] and through the optimization
of blood and lymphatic circulation [7], with the aim of faster tissue recovery [8,9] and the
normalization of functions [6,10]. There is a possibility of symptomatic, as well as causal,
therapeutic effects of the kinesio taping method. Therefore, in addition to the analgesic
effect on tissues and decongestion, Kase et al. [5] emphasized the normalization of muscle
function and the correction of joint malalignment as the physiological and biomechanical
basis of kinesio taping, aspects that can contribute to the optimization of posture and
movement, even among asymptomatic individuals.

The mechanism of the kinesio taping functional correction technique results from the
specific way of placing the kinesio tape, with the application of more than three-quarters of
the maximum tension (75+%). The remaining elasticity through the spring effect assists the
movement (e.g., hip flexion), at the same time limiting the antagonistic movement (e.g., hip
extension) through the principle of preload, where the proprioceptors send the information
of the repositioned end of ROM as normal, even before the full ROM [5]. Therefore, kinesio
taping functional correction technique can be used to increase mechanoreceptor stimulation
to assist or limit movement at a particular joint or kinetic chain. Contrary to kinesio taping
techniques for facilitating or inhibiting muscle function, functional correction affects the
functional movement pattern, not the tissues. The application procedure is more complex,
compared to all other kinesio taping techniques [5], from positioning the patient, controlling
the percentage of tension, to anticipating the change in segmental posture of the joint, from
initial to final. These factors could be the reason that functional correction is the least
studied kinesio taping technique. To the best of our knowledge, we found that kinesio
taping functional correction technique was used in only one study [11], where it was an
accompanying technique to kinesio taping muscle facilitation, without differentiating the
effects of the two techniques.

Although the lumbar region has been extensively studied, in the context of kine-
sio taping [12-15], this is not the case for the hip region. Numerous studies have been
conducted on the effectiveness of kinesio taping in various injuries and disorders of the
neuro-musculoskeletal system. There is much less research on the effect of kinesio taping
in healthy people. Lumbroso et al. [16] considered that, if the application of kinesio taping
can affect the strength or flexibility of a healthy muscle, it can be used in cases of muscle im-
balance, which is important in the treatment and prevention of musculoskeletal pathology.

In the available literature, we did not find any research on the influence of kinesio
taping on the intermuscular coordination of the lumbo—pelvic-hip complex. Comparing
the muscle interplay in prone hip extension of asymptomatic and symptomatic subjects,
Bruno et al. [17] emphasized the need for future research on the influence of exercise or
some other intervention modality on the restitution of “normal” muscle activation patterns.
Considering the abovementioned, we decided to investigate the effects of the kinesio taping
method through the analysis of its three different techniques. We were guided by the fact
that the kinesio taping functional correction technique has not been scientifically tested so
far, while muscular techniques have, although with some contradictory conclusions.

The aim of this study was to electromyographically examine the acute and prolonged
effects of three different kinesio taping techniques on the intermuscular coordination in
prone hip extension. We hypothesized that muscle interplay will be significantly improved
by applying kinesio taping, in the direction of better post-intervention recruitment results,
especially after 48 h, and that the interactions between the group and the measurement
point will be statistically significant.

2. Materials and Methods
2.1. Study Design

A single-blind, randomized, placebo-controlled trial was conducted with healthy
participants. Using the block randomization procedure (R, version 3.6.2), the participants
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were divided into five groups. The slips with the codes were sealed by an independent
expert in opaque envelopes, which were opened by the participants. In each case, the
dominant leg was tested (and treated). In the first group, we applied the kinesio taping
functional correction technique (FC). Kinesio taping for the correction of muscle function
was applied in the second (with proximal anchor placement (PDF principle—proximal
to distal = facilitation)) and third (with distal anchor placement (DPI principle—distal to
proximal = inhibition)) groups. The fourth group received placebo kinesio taping (PKT).
The first three groups were experimental, and the fourth was control.

The research was conducted in the Faculty’s Physiology Laboratory. All measurements
and interventions were performed by a certified kinesio taping instructor. The main
measurements were performed at three time-points: at baseline (i.e., not having received
the intervention), 60 min, and 48 h post-intervention. All measurements, at all time points,
were made approximately at the same time of day, in the afternoon. The participants had
to be rested, i.e., a minimum of 12 h without intense physical activity before the initial tests,
but also for the next 48 h until the final measurements. The Faculty’s Science and Ethics
Committee gave approval for the research (decision no: 19/17). Prior to the examination,
the participants signed the informed consent form.

2.2. Participants

The sample consisted of 56 students (37 women and 19 men), with the average age
of 23.1 & 4 years, ranging from 19 to 40 years. Their average height was 172.9 & 8.9 cm,
weight 71.2 & 15 kg, with BMI 23.7 + 4.1 kg/m?.

The required sample size was calculated using the computer program G*Power 3.1.
Forty-four participants (11 per group) were needed to achieve statistical power of 0.9 and
alpha error level of 0.05. We included about 25% larger sample in the study.

The inclusion criteria were: ages 18—40, healthy, no previous experience with kine-
sio taping.

The exclusion criteria were: lumbo—pelvic-hip complex and lower extremity injuries
in the last six months, neuromuscular disorders, structural scoliosis, pain when performing
the test, skin diseases, allergic reaction to Kinesio material, and pregnancy in the two
previous years.

2.3. Procedures

The subjects” height and weight were measured, along with simultaneously the dom-
inant leg was detected (determined as the leg with which the subject stepped onto the
measuring station, Seca GmbH & Co. KG., Hamburg, Germany). This method of determin-
ing the dominant leg is complementary to Lin et al. [18]. The electromyographic features
of lumbo—pelvic-hip complex intermuscular coordination were measured during active
performance of prone hip extension on the examination table, according to a recently de-
scribed testing procedure [19], (see also Figure 1), using a 4-channel sSEMG device (BIOPAC
MP35, Biopac Systems, Inc., Goleta, CA, USA). Signal acquisition was performed at the
sampling rate of 1000 Hz. Assessment of intermuscular coordination was based on onset
times and time span of activation of three muscles: ipsilateral semitendinosus (ST), erector
spinae (ESI), and contralateral erector spinae (ESC).

Skin preparation for electrode placement included body hair trimming (if deemed
necessary) and abrading the skin surface using the rough sponges (ELPAD 2.5 cm x 5 cm).
Disposable, self-adhesive Ag/AgCl snap electrodes (BIOPAC EL503) were placed in bipolar
parallel to the muscle fibers and with a 2 cm distance from the center to the center of each
other, on defined muscle points, according to SENIAM recommendations (http://www.
seniam.org, accessed on 1 January 2023). Reference electrodes were placed on the acromial
processes and on the lateral malleolus of the tested leg. The electrode placement zones did
not conflict with the application of the therapeutic intervention or the performance of the
test movement.
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Figure 1. Starting position of the participant for the Prone Hip Extension test.

We wanted to determine realistic indicators of the activities of daily living; therefore,
no warm-up was performed. Before starting the data acquisition, the prone hip extension
test was explained and demonstrated to the participants in detail, and they made several
test attempts. Then, the recording of 20 repetitions began.

To ensure movement at a natural speed, with a proper rhythm (5 s each for the
activation and relaxation phases), we used verbal guidance with repetition counting. Visual
feedback by controlling the electromyogram in real time via the screen was available only
to the examiner (see Figure 1). EMG signals were subject to analog-to-digital conversion.
The data were stored in a personal computer and presented in the form of graphs suitable
for further processing.

2.4. Data Reduction

EMG signal processing was performed using the BIOPAC Student Lab Software v. 4.1.3
PRO. Raw electromyography signals were band-pass filtered (28-500 Hz) and full-wave
rectified. Artifacts during the first and last prone hip extension attempts were observed by
visual inspection in many participants. Therefore, we included the signals obtained at the
central 18 repetitions in the analysis.

The main analysis of the EMG records was the determination of the onset time for
each repetition of each muscle, based on the detected peak value of muscle activity. A
muscle is considered activated when the rectified signal exceeds 10% of the rectified peak
amplitude for that muscle during prone hip extension [20]. The variables peak value and
onset time were identified by software, and we confirmed them by visual inspection of all
EMG records.

The data were exported to Microsoft Excel, where a comparison of the recruitment on-
sets of three muscle groups was made. Prior to the comparison, the onsets were normalized
using the method according to onsetsy = 0 ms [21].

In this way, the variable normalized onset (NONSET) was formed for all muscles, for
each attempt of each subject. The pre-activation of ESC/ES], in relation to NONSETsr,
received a negative sign. NONSET values were averaged (the average of the 18 repetitions)
to form the main variable for quantitative analysis—average NONSET (ANONSET). Based
on the recruitment onsets, we also determined the time span, between the first (any) and
the last (any) activated muscle for each repetition. Then, based on the average of the 18
repetitions we calculated the average value for each subject, for each point of measurement,
forming the variable average time span (ATS).
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2.5. Tape Applications

In each of the applications, the same material (Kinesio Tex Gold FingerPrint Tape,
Kinesio Holding Company, Albuquerque, NM, USA, 5 cm wide, black) was used, so that
the type of tape [22] would not influence the results. The kinesio taping application was
preceded by cleaning the skin with alcohol, trimming the hairs (if deemed necessary), and
placing the subject in a position specific to each intervention.

2.5.1. Functional Correction Technique Application

The participants assumed a supinated position. Kinesio tape 40 cm long was placed in
the anterior pelvic region with the first 5 cm without tension. The participants flexed the
upper leg up to 45°, and the therapeutic zone was stretched to 50% by the straight line, and
the end without tension was placed on the anterior part of the thigh (see Figure 2a). This
was followed by a procedure [5] of placing the therapeutic zone on the skin, whereby the
upper leg was maximally extended (see Figure 2b), and the tape that was stretched in the
air was adhered to the skin, with a final tension in the therapeutic zone between 75 and
100% (however, in order to make wearing during the next two days more comfortable, we
avoided going to the maximal final stretch, and hence it was between 80 and 90%).

Figure 2. (a) Application of the Kinesio Taping Functional Correction technique—first step. (b) Ap-
plication of the Kinesio Taping Functional Correction technique—final step.
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2.5.2. PDF Application

The participants were in the supinated position, and the anchor (the first 5 cm) of a
50 cm long Kinesio tape was placed, without tension, on the proximal attachments of the
hip flexors. Then, the therapeutic zone of the tape with 25% tension was placed on the
stretched muscles, and the end, without tension, was adhered to the anterior distal part of
the upper leg in the same position.

2.5.3. DPI Application

Kinesio tape of identical shape and length as in the PDF group was applied with the
same tension, but according to the reverse principle, the anchor was first placed distally in
a neutral position.

2.5.4. Placebo Kinesio Taping Application

Kinesio tape 30 cm long was prepared as a basket weave cut [5], but recoil was
neutralized in the therapeutic zone (by stretching the tape to 100% and returning to 0%
tension), and the entire tape, without any tension, was placed on the anterior thigh which
was in a neutral position (see Figure 3).

Figure 3. Placebo Kinesio Taping application.

2.6. Statistical Analyses

Data were analyzed using the SPSS software package, version 18 (SPSS Inc., Chicago,
IL, USA). Basic descriptive indicators were calculated, and the groups were compared
according to their characteristics using the x? test and one-way ANOVA. The main anal-
ysis was performed using a 3 x 4 mixed-model ANOVA, with intervention type as an
independent factor and time-point as a dependent factor. For the independent component
of the analysis, Levene’s test was used to test the assumption of variance homogeneity
among groups. For the dependent component of the analysis, sphericity was assessed by
Mauchly’s test. In violation of Mauchly’s test, the Greenhouse—-Geisser correction was used.

With the assumption of sphericity and homogeneity of variances, the main analysis—
testing the effects (main effects of group and time-point, and their interaction)—was
performed. According to Cohen [23], eta squared (n?) was used to classify the effects (i.e.,
small (0.01-0.05), medium (0.06-0.13), and large (>0.14)). In cases where significant main
effects were determined, individual comparisons between variables were performed using
the Fischer’s post-hoc LSD test. The same test was used for the analysis of simple effects, in
case of a significant interaction. The level of statistical significance was set at p < 0.05.

3. Results

The analysis showed that the randomized groups are homogeneous, regarding the
gender and age, body height, body weight, and body mass index.
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The main descriptive results of electromyography for the average normalized onset
times (in milliseconds) of the contralateral (ANONSETEsc) and ipsilateral (ANONSETg;)
erector spinae muscles, in relation to the normalized onset time of the semitendinosus
muscle (NONSETst = 0 ms) during the performance of prone hip extension, are presented
in Tables 1 and 2. Table 3 shows the descriptive parameters of average time span.

Table 1. Descriptive parameters of average normalized onset times of the contralateral erector
spinae muscle.

Time-Point

Baseline POST60min POST48h
Group n Mean SD Mean SD Mean SD
PKT 14 -10.2 (267.8) 52.7 (231.2) 65.9 (243.7)
FC 14 —12.5 (199.1) 103.4 (194.7) 192.7 (264.1)
PDF 14 1.3 (140.7) 141.4 (133.1) 183.7 (114.8)
DPI 14 —16.6 (197.5) 140.8 (193.6) 147.4 (156.8)
Legend: POST60min—60 min post-intervention; POST48h—48 h post-intervention; SD—Standard Deviation;
PKT—Placebo Kinesio Taping; FC—Functional Correction; PDF—proximal to distal = facilitation; DPI—distal to
proximal = inhibition.
Table 2. Descriptive parameters of average normalized onset times of the ipsilateral erector
spinae muscle.
Time-Point
Baseline POST60min POST48h
Group n Mean SD Mean SD Mean SD
PKT 14 —168.5 (262.2) —81.7 (253.5) —87.4 (264.7)
FC 14 —115.5 (215.1) 37.3 (141.5) 108.8 (144.2)
PDF 14 —72 (208.2) 424 (184.2) 107.4 (158.5)
DPI 14 -13.3 (254) 116.9 (226.5) 48.6 (179.1)
Legend: POST60min—60 min post-intervention; POST48h—48 h post-intervention; SD—Standard Deviation;
PKT—Placebo Kinesio Taping; FC—Functional Correction; PDF—proximal to distal = facilitation; DPI—distal to
proximal = inhibition.
Table 3. Descriptive parameters of average time span.
Time-Point
Baseline POST60min POST48h
Group n Mean SD Mean SD Mean SD
PKT 14 439.1 (123.7) 410.7 (116.6) 419.7 (160.7)
FC 14 411.2 (136.6) 359.9 (140.6) 397.1 (219.2)
PDF 14 366.3 (111.3) 365.9 (96.3) 336.9 (82.7)
DPI 14 399.4 (65.8) 395.4 (115.5) 376.1 (117.3)

Legend: POST60min—60 min post-intervention; POST48h—48 h post-intervention; SD—Standard Deviation;
PKT—Placebo Kinesio Taping; FC—Functional Correction; PDF—proximal to distal = facilitation; DPI—distal to

proximal = inhibition.

The main findings of this research regarding the hypotheses are presented in Table 4.

For the ANONSETgsc and ANONSETgg; variables, post-hoc testing revealed signifi-
cant differences (p < 0.001) between the first and second and first and third time-points, in
the direction of higher post-intervention values, while the difference between the second
and third time-points is not statistically significant (pgsc = 0.118; pgsy = 0.77).

Figure 4 suggests that there was a greater increase in ANONSETggc in the experimental
groups than in the control group. We checked this by analyzing simple effects.
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Figure 4. Average normalized onset of the contralateral erector spinae muscle (ANONSETEsc)
interaction plot for 4 groups (PKT—Placebo Kinesio Taping; FC—Functional Correction; PDF—
proximal to distal = facilitation; DPI—distal to proximal = inhibition).

Table 4. Main results of mixed-model ANOVA.

Group Effect Time Effect Interaction

F =0.341 F=22.152 F =2.002

ANONSETEgsc p=0.887 p < 0.001 p =0.048
np? =0.221 ** np? =0.114 *

F=0.194 F=17.712 F =1.689

ANONSETEg; p=0.198 p <0.001 p =0.088

np? = 0.185 **
F=0.58 F=0.638 F=1571
ATS p=0715 p=051 p=0.131

Legend: ANONSETgsc—average normalized onset of the contralateral erector spinae muscle; ANONSETEgi—
average normalized onset of the ipsilateral erector spinae muscle; ATS—average time span; *—medium effect;
**—large effect.

It was shown that, in the control group, there is no significant difference between
individual time-points, while in the FC group, the differences between all time-points
are statistically significant in the direction of better results (higher ANONSETggc), and
in the PDF and DPI groups, there are significant differences between the first and second
and the first and the third point, also towards better results. Functional correction proved
to be the most effective intervention technique, since there was a significant increase in
ANONSETEsc (both acutely and prolonged) in the group where Kinesio tape was applied
in this way.

The link between the NONSETggc and NONSETEg; results is the recruitment order
variable. As we examined, for three muscles, there were six possible recruitment orders.
By comparing the mean values of NONSETEsc and NONSETEg; of all subjects between
different measurement points, we can interpret that at baseline the dominant recruitment
order of all subjects was ESI-ST-ESC, while at the second and third measurement points, it
was ST-ESI-ESC, which is a typical [19] muscle recruitment pattern for prone hip extension.
On average, the intervention had a positive effect on recruitment order, i.e., it led to an
improvement in intermuscular coordination.
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4. Discussion

The main finding of the research is that the application of kinesio taping to the hip
flexors can improve the intermuscular coordination of the lumbo—pelvic-hip complex
in healthy individuals. Our findings show that, in the experimental groups, there are
significant acute and prolonged post-interventional changes in the myoelectric activity of
agonists and synergists of hip extension. Kinesio taping led to a significant increase in
ONSETgsc and ONSETEg), followed by the improvement in recruitment order, in such a
way that semitendinosus muscle assumed an agonistic position in the motor pattern of
prone hip extension.

The electromyographic indicators of the control group did not change significantly
over time, while in the experimental groups, we found significant positive changes. In
addition to the FC group, where we found statistically significant differences between all
measurement points, in the PDF and DPI groups, significant differences were found, also
in the direction of optimizing intermuscular coordination, between the first and second
and first and third points. Our findings correspond to the results of Stupik et al. [24], who
found an increase in the electromyographic activity of the vastus medialis muscle 24 h
after the application of Kinesio tape, with the effect being maintained for another 48 h.
We also see a connection with studies [25-27] that found an increase in the myoelectric
activity of the gastrocnemius muscle after the application of kinesio taping. The research of
Martinez-Gramage et al. [28] was most closely related to our experiment, and it showed
that the DPI technique has a significant prolonged effect (72 h after the intervention), in
terms of increasing the onset of the lateral gastrocnemius muscle during walking. This
supports the theory of kinesio taping as a method that leads to a change in muscle activity.
Our results contradict those of Fu et al. [29] on the absence of an effect of kinesio taping
on the myoelectric activity of the rectus femoris muscle, which was also concluded by
Lins et al. [30,31], who indicated that Kinesio tape applied to the rectus femoris, vastus
lateralis, and vastus medialis muscles does not change the lower limb neuromuscular
function of healthy people, either acutely [30] or prolonged [31]. Briem et al. [32] found
no significant differences for the average and maximum EMG activity of the fibularis
longus muscle during ankle inversion perturbations in healthy athletes, thus disputing the
benefit of kinesio taping for the primary prevention of ankle sprains. The possible reason
for the absence of the effect lies in the fact that the researchers made holes for the EMG
electrodes on the Kinesio tape, which unavoidably impaired the effect of the material, and
apparently recoil, as a key mechanism [5] for changing muscle function was completely
absent. In several studies [29,31,33,34], we found a major drawback in the way kinesio
tapes are placed—starting from the belly of the muscle about 10 cm distal to the proximal
attachment, which means that there was no effect on the entire muscle. Covering the
attachments is an important link in the entire proprioceptive and neuromuscular essence
of kinesio taping [5]. We believe that the imprecise placement can be a sufficient reason
for the absence of the kinesio taping effect. A glaring example is the study [35] on the
direct effects of kinesio taping facilitation and inhibition techniques on the EMG activity
of the gastrocnemius muscle of healthy subjects. The credibility of the finding that these
techniques have no significant effects is quite questionable, considering that the Kinesio
tape was placed far from the muscle attachments, with approximately 50% of the anatomical
length left uncovered. We also find a potential problem in the use of 50% tape tension,
which apparently could have created a positional hold, instead of a recoil effect. Positional
hold should never be applied to the muscles [5] because it does not provide decompression
and mobilization, but has the opposite effect. To avoid such a mistake, Kase et al. [5]
recommended 15-25% tension for inhibition and 15-35% for facilitation.

We found significant changes in intermuscular coordination, both acute and prolonged.
Here, we find a difference, compared to Takasaki et al. [3], who detected no significant
changes in the onset neither for ESC nor for ESI, following the intervention by applying
manual pressure on the pelvis of asymptomatic subjects.
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For the time span variable, none of the research hypotheses were confirmed. For the
time factor, apart from finding no statistically significant differences, there is no noticeable
trend. We interpret this as an indicator of the motor pattern variability of normal movement
described by Latash et al. [36], in the context of the theory of motor redundancy of a system
with multiple elements and a constant variable value. Therefore, in the background of the
movement pattern, where the time span provides the framework, there may be different
motor patterns that are reflected through different recruitment order, which, similar to the
onset, is subject to changes due to the intervention. Intermuscular coordination showed
variability of onset, due to different interventions; however, the time span, as a frame, re-
mained constant with average values of 0.397 s in the first measurement point, 0.396 s in the
second, and 0.385 s in the third, being a very stable variable, with no statistically significant
differences for any observed effect. Analyzing muscle interplay at prone hip extension,
Lehman et al. [21] obtained an average time span of 0.37 s, and Bullock-Saxton et al. [37]
obtained 0.306 s. The latter included a group of participants with ankle distortion in the
study, whose average score of 0.527 s was significantly higher. Therefore, the time span is
suggested as an indicator of deviation from the normal motor pattern.

As far as we know, this is the first study that investigated the influence of the ap-
plication of kinesio taping on the myoelectric activity of the lumbo—pelvic-hip complex
when performing prone hip extension in young asymptomatic subjects. We did not find
any study that, by analyzing the activation patterns, evaluated the effects of the kinesio
taping method on lumbo—pelvic-hip complex intermuscular coordination of healthy or
symptomatic subjects. Furthermore, to the best of our knowledge, this is the first attempt
to investigate the kinesio taping functional correction technique. In the available literature,
we found only one study [11] where the mentioned technique was used, although not
separately, but as part of a comprehensive kinesio taping intervention. Therefore, there are
no published results that compare functional correction to other kinesio taping techniques
or some other therapeutic interventions, which is astonishing, considering the widespread
usage of the kinesio taping method in clinical and sports practice, which has been followed
by a considerable number of studies in recent years.

According to Drouin et al. [38], the evidence that would support the use of kinesio
taping in the function of improving sports performance by optimizing strength, propriocep-
tion, or ROM in healthy individuals is insufficient. On the other hand, they state that there
is no argument that kinesio taping generates any negative effect. They also point out that
there is evidence that kinesio taping can improve bioelectrical activity prolonged (24, and
72 h after application), but not acutely in the period from 0 to 45 min after application. We
believe that, with our research, we have supplemented the results of the aforementioned
review, mainly through the finding of a positive change in myoelectric activity 60 min after
application. Most published research on the effects of kinesio taping in healthy individuals
analyzed only acute effects [11,14,15,27,29-31,34], while we repeated all measurements after
48 h of wearing the Kinesio tape, which was also performed by few authors [16,24,26,31,39].
Only some of the studies included a placebo intervention [11,14,31,33,34,40-42]. However,
in many of them [14,31,34,40—42], due to the simple placement of a piece of kinesio tape
onto the skin without pre-stretching, placebo kinesio taping inadvertently became an active
intervention factor, which, in the kinesio taping method, is used within the epidermis—
dermis—fascia medical taping application in patients highly sensitive to external stimuli [43].
Therefore, such an application of kinesio tape cannot be considered a placebo, but rather
an active intervention that provides a different level of stimulation [39]. In our effort to
conduct a quality placebo-controlled trial, the experience and knowledge of the principal
investigator, a licensed kinesio taping practitioner and instructor, were highly beneficial in
the preparation and application of the placebo kinesio tape.

4.1. Limitations and Future Research Perspectives

Our study has some limitations. The sample was convenience, and the examiner
was not blinded. Prolonged effects after 48 h were examined, but not those after 72
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and/or 96 h. No follow-up testing was performed after the removal of kinesio tape, which
would be interesting to analyze and compare with the results of studies [24,31,44] that
also investigated this. It would be desirable to check the influence of kinesio taping on
muscle interplay during closed kinetic chain movements and in combined activities, such
as walking and some sport-specific movements, as well as in symptomatic individuals.

4.2. Practical Application of the Study

Between the three different kinesio taping techniques, we found similarities in the
effect of functional correction and kinesio taping muscle facilitation technique (PDF). The
trend is the same (see Figures 4 and 5), although, for the FC group, a statistically significant
increase in ONSETgsc occurred between all time-points, and for the PDF group, in the
second and third measurement points, in relation to the initial one. Since we have not found
statistically significant differences in the effects of these two kinesio taping techniques, for
extensive practical application, we recommend the use of the muscle facilitation technique
because it provides a similar effect of changing neuromuscular function, it is less invasive,
and the application procedure is simpler, with less possibility of making mistakes in the
preparation and positioning of the patient and application of the material. Our findings
could be clinically relevant because kinesio taping is a widespread method often used by
many practitioners in the prevention and rehabilitation of various disorders of the neuro-
musculoskeletal system. Practical implications can be found in the context of primary
prevention through the reduction of motor activation deficits. This is supported by the
findings of Schuermans et al. [45] that, in athletes whose contralateral trunk extensors are
activated before the hamstring muscles when performing prone hip extension test, there is
an eight times higher probability of injury.
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Figure 5. Average normalized onset of the ipsilateral erector spinae muscle (ANONSETgg;) interaction
plot for 4 groups (PKT—Placebo Kinesio Taping; FC—Functional Correction; PDF—proximal to
distal = facilitation; DPI—distal to proximal = inhibition).

5. Conclusions

After the application of kinesio taping, there were significant acute and prolonged
positive changes in the coordination of muscle activity of the lumbo-pelvic-hip complex. By
placing the kinesio tape on the hip flexors through the PDF and DPI principle, a significant
increase in ONSETggc and a decrease in ONSETgy after 60 min and 48 h can occur. Kinesio
taping functional correction proved to be the most effective intervention technique, as the
ONSETEsc differences between all time-points were statistically significant. By applying
the method of neutralizing the recoil effect, we believe that we have improved the concept
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of preparing and applying placebo kinesio taping, with the potential to become the standard
in placebo-controlled research on kinesio taping method effectiveness.

Author Contributions: Conceptualization, D.K. and V.M.; methodology, D.K.; software, D.K,; valida-
tion, D.K. and V.M.; formal analysis, D.K,; investigation, D.K.; resources, D.K.; data curation, D.K.;
writing—original draft preparation, D.K.; writing—review and editing, D.K. and V.M; visualization,
D.K,; supervision, V.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Faculty of Kinesiology, University of Zagreb
(decision no: 19/17), on 14 June 2017.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Husson, J.L.; Mallet, ].E,; Parent, H.; Cavagna, R.; Vital, ] M.; Blamoutier, A.; Violas, P. The lumbar-pelvic-femoral complex:
Applications in spinal imbalance. Orthop. Traumatol. Surg. Res. 2010, 96, S1-59. [CrossRef] [PubMed]

2. McGill, S.M.; Grenier, S.; Kavcic, N.; Cholewicki, ]. Coordination of muscle activity to assure stability of the lumbar spine. J.
Electromyogr. Kinesiol. 2003, 13, 353-359. [CrossRef]

3. Takasaki, H.; Iizawa, T.; Hall, T.; Nakamura, T.; Kaneko, S. The influence of increasing sacroiliac joint force closure on the hip and
lumbar spine extensor muscle firing pattern. Man. Ther. 2009, 14, 484-489. [CrossRef] [PubMed]

4. Arab, AM,; Haghighat, A.; Amiri, Z.; Khosravi, F. Lumbar lordosis in prone position and prone hip extension test: Comparison
between subjects with and without low back pain. Chiropr. Man. Therap. 2017, 25, 8. [CrossRef] [PubMed]

5. Kase, K,; Wallis, J.; Kase, T. Clinical Therapeutic Applications of the Kinesio Taping Method, 3rd ed.; Kinesio Taping Association
International: Albuquerque, NM, USA, 2013.

6. De Oliveira, F.C.L.; Pairot de Fontenay, B.; Bouyer, L.J.; Roy, ].S. Immediate effects of kinesiotaping on acromiohumeral distance
and shoulder proprioception in individuals with symptomatic rotator cuff tendinopathy. Clin. Biomech. 2019, 61, 16-21. [CrossRef]

7. Tsai, H.J.; Hung, H.C.; Yang, J.L.; Huang, C.S.; Tsauo, J.Y. Could Kinesio tape replace the bandage in decongestive lymphatic
therapy for breast-cancer-related lymphedema? A pilot study. Support. Care Cancer 2009, 17, 1353-1360. [CrossRef]

8. Lee, YS,; Bae, S.H.; Hwang, J.A.; Kim, K.Y. The effects of kinesio taping on architecture, strength and pain of muscles in delayed
onset muscle soreness of biceps brachii. J. Phys. Ther. Sci. 2015, 27, 457-459. [CrossRef]

9.  Pamuk, U,; Yucesoy, C.A. MRI analyses show that kinesio taping affects much more than just the targeted superficial tissues and
causes heterogeneous deformations within the whole limb. . Biomech. 2015, 48, 4262—4270. [CrossRef]

10. Thelen, M.D.; Dauber, J.A.; Stoneman, P.D. The clinical efficacy of kinesio tape for shoulder pain: A randomized, double-blinded,
clinical trial. J. Orthop. Sports Phys. Ther. 2008, 38, 389-395. [CrossRef] [PubMed]

11.  Donec, V.; Varzaityte, L.; Kris¢itinas, A. The effect of Kinesio Taping on maximal grip force and key pinch force. Pol. Ann. Med.
2012, 19, 98-105. [CrossRef]

12. Castro-Sanchez, A.M.; Lara-Palomo, I1.C.; Mataran-Pefiarrocha, G.A.; Fernandez-Sanchez, M.; Sdnchez-Labraca, N.; Arroyo-
Morales, M. Kinesio Taping reduces disability and pain slightly in chronic non-specific low back pain: A randomised trial. J.
Physiother. 2012, 58, 89-95. [CrossRef]

13. Pires, L.G.; Padula, R.S.; Junior, M.A.D.L.; Santos, I.; Almeida, M.O.; Tomazoni, S.S.; Costa, L.C.M.; Costa, L.O.P. Can Kinesio
Taping® influence the electromyographic signal intensity of trunk extensor muscles in patients with chronic low back pain? A
randomized controlled trial. Braz. J. Phys. Ther. 2020, 24, 539-549. [CrossRef]

14. Voglar, M.; Sarabon, N. Kinesio taping in young healthy subjects does not affect postural reflex reactions and anticipatory postural
adjustments of the trunk: A pilot study. J. Sport. Sci. Med. 2014, 13, 673-679.

15.  Yoshida, A.; Kahanov, L. The effect of kinesio taping on lower trunk range of motions. Res. Sport. Med. 2007, 15, 103-112.
[CrossRef]

16. Lumbroso, D.; Ziv, E.; Vered, E.; Kalichman, L. The effect of kinesio tape application on hamstring and gastrocnemius muscles in
healthy young adults. ]. Bodyw. Mov. Ther. 2014, 18, 130-138. [CrossRef]

17.  Bruno, PA.; Bagust, J.; Cook, J.; Osborne, N. An investigation into the activation patterns of back and hip muscles during prone
hip extension in non-low back pain subjects: Normal vs. abnormal lumbar spine motion patterns. Clin. Chiro. 2008, 11, 4-14.
[CrossRef]

18. Lin, WH,; Liu, Y.E; Hsieh, C.C.C.; Lee, A.]. Ankle eversion to inversion strength ratio and static balance control in the dominant

and non-dominant limbs of young adults. J. Sci. Med. Sport 2009, 12, 42—49. [CrossRef]


http://doi.org/10.1016/j.otsr.2010.03.006
http://www.ncbi.nlm.nih.gov/pubmed/20447889
http://doi.org/10.1016/S1050-6411(03)00043-9
http://doi.org/10.1016/j.math.2008.11.003
http://www.ncbi.nlm.nih.gov/pubmed/19119054
http://doi.org/10.1186/s12998-017-0139-x
http://www.ncbi.nlm.nih.gov/pubmed/28331575
http://doi.org/10.1016/j.clinbiomech.2018.11.005
http://doi.org/10.1007/s00520-009-0592-8
http://doi.org/10.1589/jpts.27.457
http://doi.org/10.1016/j.jbiomech.2015.10.036
http://doi.org/10.2519/jospt.2008.2791
http://www.ncbi.nlm.nih.gov/pubmed/18591761
http://doi.org/10.1016/j.poamed.2012.08.004
http://doi.org/10.1016/S1836-9553(12)70088-7
http://doi.org/10.1016/j.bjpt.2019.12.001
http://doi.org/10.1080/15438620701405206
http://doi.org/10.1016/j.jbmt.2013.09.011
http://doi.org/10.1016/j.clch.2008.01.001
http://doi.org/10.1016/j.jsams.2007.10.001

Sports 2023,11, 70 13 of 14

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Guimaraes, C.Q.; Sakamoto, A.C.; Laurentino, G.E.; Teixeira-Salmela, L.F. Electromyographic activity during active prone hip
extension did not discriminate individuals with and without low back pain. Braz. J. Phys. Ther. 2010, 14, 351-357. [CrossRef]
[PubMed]

Vogt, L.; Banzer, W. Dynamic testing of the motor stereotype in prone hip extension from neutral position. Clin. Biomech. 1997, 12,
122-127. [CrossRef] [PubMed]

Lehman, G.J.; Lennon, D.; Tresidder, B.; Rayfield, B.; Poschar, M. Muscle recruitment patterns during the prone leg extension.
BMC Musculoskelet. Disord. 2004, 5, 3. [CrossRef]

Boonkerd, C.; Limroongreungrat, W. Elastic therapeutic tape: Do they have the same material properties? J. Phys. Ther. Sci. 2016,
28,1303-1306. [CrossRef]

Cohen, ]. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Erlbaum: Hillsdale, NJ, USA, 1988.

Stupik, A.; Dwornik, M.; Biatoszewski, D.; Zych, E. Effect of Kinesio Taping on bioelectrical activity of vastus medialis muscle.
Preliminary report. Ortop. Traumatol. Rehabil. 2007, 9, 644-651. [PubMed]

Csapo, R.; Herceg, M.; Alegre, L.M.; Crevenna, R.; Pieber, K. Do kinaesthetic tapes affect plantarflexor muscle performance? J.
Sport. Sci. 2012, 30, 1513-1519. [CrossRef] [PubMed]

Gomez-Soriano, J.; Abian-Vicén, J.; Aparicio-Garcia, C.; Ruiz-Lazaro, P.; Simén-Martinez, C.; Bravo-Esteban, E.; Fernandez-
Rodriguez, ]. M. The effects of Kinesio taping on muscle tone in healthy subjects: A double-blind, placebo-controlled crossover
trial. Man. Ther. 2014, 19, 131-136. [CrossRef] [PubMed]

Huang, C.Y.; Hsieh, T.H.; Lu, S.C.; Su, E.C. Effect of the Kinesio tape to muscle activity and vertical jump performance in healthy
inactive people. Biomed. Eng. Online 2011, 10, 70. [CrossRef] [PubMed]

Martinez-Gramage, J.; Merino-Ramirez, M.A.; Amer-Cuenca, J.J.; Lison, J.F. Effect of Kinesio Taping on gastrocnemius activity
and ankle range of movement during gait in healthy adults: A randomized controlled trial. Phys. Ther. Sport. 2016, 18, 56-61.
[CrossRef]

Fu, T.C.; Wong, A.M.; Pei, Y.C.; Wu, K.P; Chou, S.W,; Lin, Y.C. Effect of Kinesio taping on muscle strength in athletes-a pilot study.
J. Sci. Med. Sport. 2008, 11, 198-201. [CrossRef] [PubMed]

Lins, C.A.; Neto, EL.; Amorim, A.B.; Macedo, L.B.; Brasileiro, J.S. Kinesio Taping® does not alter neuromuscular performance of
femoral quadriceps or lower limb function in healthy subjects: Randomized, blind, controlled, clinical trial. Man. Ther. 2013, 18,
41-45. [CrossRef]

Lins, C.A.; Borges, D.T.; Macedo, L.B.; Costa, K.S.; Brasileiro, ].S. Delayed effect of Kinesio Taping on neuromuscular performance,
balance, and lower limb function in healthy individuals: A randomized controlled trial. Braz. J. Phys. Ther. 2016, 20, 231-239.
[CrossRef] [PubMed]

Briem, K.; Eythorsdottir, H.; Magnusdottir, R.G.; Palmarsson, R.; Runarsdoéttir, T.; Sveinsson, T. Effects of kinesio tape compared
with nonelastic sports tape and the untaped ankle during a sudden inversion perturbation in male athletes. J. Orthop. Sport. Phys.
Ther. 2011, 41, 328-335. [CrossRef]

Halski, T.; Dymarek, R.; Ptaszkowski, K.; Stupska, L.; Rajfur, K.; Rajfur, J.; Pasternok, M.; Smykla, A.; Taradaj, J. Kinesiology
Taping does not Modify Electromyographic Activity or Muscle Flexibility of Quadriceps Femoris Muscle: A Randomized,
Placebo-Controlled Pilot Study in Healthy Volleyball Players. Med. Sci. Monit. 2015, 21, 2232-2239. [CrossRef] [PubMed]
Serrao, J.C.; Mezéncio, B.; Claudino, J.G.; Soncin, R.; Miyashiro, PL.; Sousa, E.P,; Borges, E.; Zanetti, V.; Phillip, I.; Mochizuki, L.;
et al. Effect of 3 Different Applications of Kinesio Taping Denko® on Electromyographic Activity: Inhibition or Facilitation of the
Quadriceps of Males During Squat Exercise. J. Sport. Sci. Med. 2016, 15, 403—409.

Yoosefinejad, A.K.; Motealleh, A.; Abbasalipur, S.; Shahroei, M.; Sobhani, S. Can inhibitory and facilitatory kinesiotaping
techniques affect motor neuron excitability? A randomized cross-over trial. . Bodyw. Mov. Ther. 2017, 21, 234-239. [CrossRef]
[PubMed]

Latash, M.L.; Scholz, J.P.; Schoner, G. Motor control strategies revealed in the structure of motor variability. Exerc. Sport Sci. Rev.
2002, 30, 26-31. [CrossRef]

Bullock-Saxton, J.E.; Janda, V.; Bullock, M.I. The influence of ankle sprain injury on muscle activation during hip extension. Int. J.
Sport. Med. 1994, 15, 330-334. [CrossRef]

Drouin, ].L.; McAlpine, C.T.; Primak, K.A.; Kissel, ]. The effects of kinesiotape on athletic-based performance outcomes in healthy,
active individuals: A literature synthesis. J. Can. Chiropr. Assoc. 2013, 57, 356-365. [PubMed]

Lemos, T.V.; Pereira, K.C.; Protassio, C.C.; Lucas, L.B.; Matheus, ].P.C. The effect of Kinesio Taping on handgrip strength. J. Phys.
Ther. Sci. 2015, 27, 567-570. [CrossRef]

Chang, H.Y.; Chou, K.Y,; Lin, ].].; Lin, C.F,; Wang, C.H. Immediate effect of forearm Kinesio taping on maximal grip strength and
force sense in healthy collegiate athletes. Phys. Ther. Sport. 2010, 11, 122-127. [CrossRef]

Fratocchi, G.; Di Mattia, F; Rossi, R.; Mangone, M.; Santilli, V.; Paoloni, M. Influence of Kinesio Taping applied over biceps brachii
on isokinetic elbow peak torque. A placebo controlled study in a population of young healthy subjects. J. Sci. Med. Sport 2013, 16,
245-249. [CrossRef]

Korman, P; Straburzyriska-Lupa, A.; Rutkowski, R.; Gruszczyniski, J.; Lewandowski, J.; Straburzynski-Lupa, M.; Lochynski, D.
Kinesio Taping Does Not Alter Quadriceps Isokinetic Strength and Power in Healthy Nonathletic Men: A Prospective Crossover
Study. Biomed. Res. Int. 2015, 2015, 626257. [CrossRef]


http://doi.org/10.1590/S1413-35552010005000017
http://www.ncbi.nlm.nih.gov/pubmed/20949236
http://doi.org/10.1016/S0268-0033(96)00055-1
http://www.ncbi.nlm.nih.gov/pubmed/11415681
http://doi.org/10.1186/1471-2474-5-3
http://doi.org/10.1589/jpts.28.1303
http://www.ncbi.nlm.nih.gov/pubmed/18227756
http://doi.org/10.1080/02640414.2012.712713
http://www.ncbi.nlm.nih.gov/pubmed/22867015
http://doi.org/10.1016/j.math.2013.09.002
http://www.ncbi.nlm.nih.gov/pubmed/24829961
http://doi.org/10.1186/1475-925X-10-70
http://www.ncbi.nlm.nih.gov/pubmed/21831321
http://doi.org/10.1016/j.ptsp.2014.12.002
http://doi.org/10.1016/j.jsams.2007.02.011
http://www.ncbi.nlm.nih.gov/pubmed/17588814
http://doi.org/10.1016/j.math.2012.06.009
http://doi.org/10.1590/bjpt-rbf.2014.0161
http://www.ncbi.nlm.nih.gov/pubmed/27437714
http://doi.org/10.2519/jospt.2011.3501
http://doi.org/10.12659/MSM.894150
http://www.ncbi.nlm.nih.gov/pubmed/26232122
http://doi.org/10.1016/j.jbmt.2016.06.011
http://www.ncbi.nlm.nih.gov/pubmed/28532863
http://doi.org/10.1097/00003677-200201000-00006
http://doi.org/10.1055/s-2007-1021069
http://www.ncbi.nlm.nih.gov/pubmed/24302784
http://doi.org/10.1589/jpts.27.567
http://doi.org/10.1016/j.ptsp.2010.06.007
http://doi.org/10.1016/j.jsams.2012.06.003
http://doi.org/10.1155/2015/626257

Sports 2023,11, 70 14 of 14

43. Kase, K. Kinesio Foundations Course e-Book: Featuring Kinesio Taping® Method and Kinesio® Medical Taping; Kinesio Group: Albu-
querque, NM, USA, 2022.

44. Lemos, T.V;; Albino, A.C.; Matheus, ].P.; de Melo Barbosa, A. The effect of kinesio taping in forward bending of the lumbar spine.
J. Phys. Ther. Sci. 2014, 26, 1371-1375. [CrossRef] [PubMed]

45. Schuermans, J.; Van Tiggelen, D.; Witvrouw, E. Prone Hip Extension Muscle Recruitment is Associated with Hamstring Injury
Risk in Amateur Soccer. Int. ]. Sport. Med. 2017, 38, 696-706. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1589/jpts.26.1371
http://www.ncbi.nlm.nih.gov/pubmed/25276018
http://doi.org/10.1055/s-0043-103016
http://www.ncbi.nlm.nih.gov/pubmed/28704884

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Procedures 
	Data Reduction 
	Tape Applications 
	Functional Correction Technique Application 
	PDF Application 
	DPI Application 
	Placebo Kinesio Taping Application 

	Statistical Analyses 

	Results 
	Discussion 
	Limitations and Future Research Perspectives 
	Practical Application of the Study 

	Conclusions 
	References

