%

- ~

Formely REVISTA TERAPIA MANUAL

https://doi.org/10.17784/mtprehabjournal.2021.19.1225

Manual Therapy, Posturology & Rehabilitation Journal

RESEARCH ARTICLE

The effect of Kinesio Tape on scapular kinematics with
different external loads in healthy subjects

William Dhein,! 2 Alisson de Carvalho Chaves,3 Julia Aratjo Momo,? Natalia Miranda Flores,? Matheus Pitrez
da Silva Mocellin,? Joelly Mahnic de Toledo,* Jefferson Fagundes Loss.*

1Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, Rio Grande do Sul, Brasil, 2Centro Universitario da Serra Galcha (FSG),
Caxias do Sul, Rio Grande do Sul, Brasil, 3Centro Universitario Ritter dos Reis (UNIRITTER), Porto Alegre, Rio Grande do Sul, Brasil.

ABSTRACT

Background: Alterations of scapular kinematics have been associated with musculoskeletal disorders of the shoulder complex. Objective:

Investigate the effects of Kinesio Tape (KT) on scapular kinematics with different external loads in healthy subjects Methods: Twenty-three
subjects performed abduction, scaption and flexion of their shoulders in three conditions: (1) no load (2) dumbbell and (3) elastic band resistance.
KT was applied (I-shaped) over the upper trapezius muscle, and scapula kinematic data was captured and analyzed based on Euler angles.
The situations and interactions of the different loads and KT were compared using a repeated measures two-way ANOVA. KT decreased the
upward rotation during the movements of abduction, scaption and flexion of the shoulder. Results: There was an effect of load in all evaluated
movements, but there was no interaction between the load and the KT. Conclusion: KT and load showed effects on scapula kinematics.
Regardless of the load condition (no load, dumbbell or elastic resistance), the effects of the KT on scapula kinematics will be the same in healthy

subjects.
Keywords: Kinesio tape; Shoulder joint; Scapula kinematics.
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BACKGROUND

Alterations of scapular kinematics have been
associated with musculoskeletal disorders of the
shoulder complex.!). Such alterations, including a
decrease in upward rotation,?® less external
rotation,” less posterior tipping,®® an increase in
internal rotation,*"%19 scapula elevation®® and
protraction 4, are mentioned in shoulder impingement
syndrome, rotator cuff tendinopathy and scapular
dyskinesis subjects. Due to these alterations and the
important role of the scapula on shoulder function 10,
the application of Kinesio Tape (KT) over the scapular
muscles has been investigated to prevent and rehab
scapular alterations.2 13

Several studies have investigated the effects
of KT on scapular kinematic of healthy subjects,41®
scapular dyskinesis subjects,®'® athletes®” and
patients with shoulder impingement syndrome
(S1S).(1618-20) These studies reached different results
for increased upward rotation, ®21517) posterior
tilt, 813151819 jncreased retraction and external
rotation®)  and no effect on  scapula
kinematics.416:2022) Most of the studies investigated
the effects of KT during a functional activity or during
movements (abduction, scaption and flexion) as part
of a rehabilitation program. However, regarding
external loads, they were limited to dumbbells.
Evaluations were conducted with 2kg dumbbells
during scaption19, 25% of maximum force 8, 20% in
patients with SIS 20 or 2.3 or 1.4 kg 9. Although it is
relevant to evaluate the effects of dumbbell use, it also
important to remember that during rehabilitation
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programs, one of the most important and often used
tools to provide external resistance is the elastic
band.@324

An elastic exercise band is a rubber band®® of
latex or other elastic polymers®? which allows
individualized adjustments through color (representing
different levels of resistance), stretch, point of fixation
and line of action.*?® They are easy to handle and
permit patients to perform a slow, controlled exercise
targeting the desire muscles.%2% The band results in
gradual resistance throughout the exercise, reaching
maximum resistance at the end of the movement when
the band is at its greatest length. The direction of the
force is modified according to the execution of the
exercise and the point of fixation. Therefore, it does not
depend on gravity but is aligned with the orientation of
the elastic device, while with a dumbbell the line of
action is predominantly vertical.(429)

Although there are differences in the behavior
of the external loads, there is inconsistency in the
change of the kinematics produced by the addition of
external loads [dumbbell or elastic band] according to
shoulder elevation,?” with an increase® and
decrease®”’ of the different scapula kinematics
movements being found. Therefore, knowing how the
use of KT associated with different external loads
(dumbbell or elastic band) may influence scapula
kinematics is important for developing a rehabilitation
program. Additionally, if the effects of KT differ
according to the load used, this study can help
clinicians choose the most appropriate load
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during the different stages of rehabilitation.
Therefore, the aims of the study were: (1)
first, investigate the effect of KT on scapular
kinematics in healthy subjects during the abduction,
scaption and flexion of the shoulder and (2)
secondly, determine whether a change in external
load (weight load, dumbbell and elastic band)
influences the KT effect. Based on the
literature,*>3Y our first hypothesis is that KT will
increase upward rotation in the evaluated
movements, and our second hypothesis is that a
change in external load will influence the KT effect.

METHODS
Participants

A sample of 23 healthy men (age, 22.4 +
2.7 years; mass, 72.2 + 6.1 kg; height, 1.8 £ 0.1
m) participated in the study. The eligibility criteria
of the included subjects were right upper limb
dominance, free range of motion and grade 5
muscle strength. Subjects who experienced pain
or injury in the last six months, had surgery to the
shoulder complex, engaged in physical activity
more than three times a week, used shoulder tape
in the last 30 days and/or presented positive on
the clinical tests were excluded (Jobe, Hawkins
and Apprehension). The study was approved by
the Ethics Committee of the Universidade Federal
do Rio Grande do Sul, under No. 908,977 based
on the Declaration of Helsinki. The sample size
calculation was performed using G*Power version
3.1.9.2 software by adopting the following criteria:
5% probability of error, 0.85% statistical power
and 0.7 effect size.(®

Procedures

Data acquisition was carried out at
Laboratério de Pesquisa do Exercicio from
Universidade Federal do Rio Grande do Sul and
scheduled according to the participants’
availability. Each individual signed the informed
consent form, and sociodemographic and
anthropometric data were obtained during the
anamnesis. A physiotherapist evaluated the
participants through clinical tests, muscle strength
and range of motion.
The kinematics data were captured by the BTS
SMART DX 7000 tracking system (ITA) with 10
infrared cameras at a frequency rate of 100Hz
registering reflective markers. The markers
(Figure 1) were positioned over the spinous
processes from C7 and T8, suprasternal notch,
xiphoid process, acromioclavicular joint, angulus
acromialis, processus coracoideus, inferior angle
of scapula, trigonum spinae scapulae, medial
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epicondyle, lateral epicondyle, radial
processus and ulnar styloid processus.®?

styloid

Figure 1. Reflective Markers

The abduction, scaption and flexion of the
shoulder were performed in three load situations:
(1) active-free movement/no load; (2) dumbbell
resistance and (3) elastic band resistance. For
each movement, three repetitions were
performed with a range of motion of 90° and a
velocity of 45° per second using a digital
metronome. The plane of movement during
scaption was 45° of the scapular plane delimited
by nylon threads that provided tactile feedback to
the participants. The order of the load was
randomized.

The load adjustment for the dumbbell and
elastic band exercises corresponded to 5% of
body weight,®® which was, on average, 3.6kg.
Different dumbbells were used according to the
subjects’ weight: a) between 50 and 54kg (2.5kg
dumbbell), b) between 55 and 64kg (3kg
dumbbell), c) between 65 and 74kg (3.5kg
dumbbell), d) between 75 and 84kg (4kg
dumbbell) and between 85 and 90kg (4.5kg
dumbbell). For the elastic band exercises, a red
color band (Theraband®) previously calibrated®®
was used as elastic resistance. The band was
attached to a load cell (Libracom®) that was
positioned at the base of the elastic band and
fixed to the floor with a hook. The frequency rate
of the load cell was 100hz. During the gesture
resisted by the elastic band, the load was reached
at the end of range of motion. After the
movements, the subjects were led to a stretcher
to apply the KT.

The KT (Kinesio Tex Gold®) was placed in
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an | shape over the upper trapezius muscleG?
(Figure 2). Initially, the base of the tape was
positioned over the processus coracoideus and
stretched until the trigonum spinae. In our study,
the distal anchor was changed because the
reflective marker was next to the medial border,
and thus the anchor was positioned more toward
the medial so as not to move the reflective marker.
The control of tension applied on the tape was
20%, following an equation adapted from the
literature.?°3% Each application was done by the
same physiotherapist. After KT placement, the
participant performed the movements of

abduction, scaption and flexion of the shoulder in
the same conditions previously described with a
randomization of the load situations.

Figure 2. I—shapedtpe position

Data analysis

Kinematic data were analyzed using the
BTS Smart-Analyzer software. The kinematic
data were digitally filtered using a 4° order
Butterworth lowpass with a frequency of 5Hz. The
articular angles were expressed at Euler
angles,®?3% and the axes were based on the local
coordinate system of the bone. The order of
rotation of the Euler angles (Y-Z-X) was based on
the standardization proposed by the International
Shoulder Group of the International Society of
Biomechanics.®2363)  The  scapulohumeral
(upward/downward rotation, internal/external
rotation and posterior/anterior tilt) range of motion
during the movements and conditions was
selected for statistical analysis.

Statistical analysis

Statistical analyses was performed using
SPSS version 20.0 software.®® The comparisons
of each Euler angle (upward rotation, internal
rotation and posterior tilt) in the movements
(abduction, flexion and scaption) were performed

Dhein W et al.

through a two-way repeated measures ANOVA
considering the main factors load (3 levels: no
load, dumbbell and elastic band) and KT (2 levels:
no KT and KT). The level of significance was
a<0.05.

RESULTS
Abduction of the shoulder

Regarding the main factors (Table 1 and
2), there was a significant KT effect on upward
rotation [F = 4.638; p = 0.042; eta2 = 0.174], where
the use of KT resulted in a decrease of 1.0° in the
range of motion. There was no significant effect of
KT on internal rotation [F = 0.142; p = 0.710; eta?
= 0.006] and posterior tilt [F = 1.614; p = 0.217;
etaz =0.068]. Concerning the main factor load,
there was an effect during upward rotation [F =
4.094; p = 0.023; etaz = 0.157] between the no
load vs. dumbbell load (p = 0,016), where the use
of a dumbbell led to an increase of 2.0° in the
range of motion. There was no significant
interaction between load x KT during upward
rotation [F = 0.117; p = 0.890; etaz = 0.005],
internal rotation [F = 0.599; p = 0.554; etaz =
0.027] or posterior tilt [F = 0.510; p = 0.604; eta2
=0.023].

Scaption — Elevation on scapular plane

Regarding the main factors (Tables 1 and
2), the KT significantly affected upward rotation [F
= 20.563; p <0.001; etaz = 0.507], its use
producing a decrease of 1.4° in the range of
motion. Concerning load, there was an effect
during upward rotation [F = 5.398; p = 0.008; eta?
= 0.213], where the use of a dumbbell resulted in
an increase of 2.3° in the range of motion, and
internal rotation [F = 4.068; p = 0.025; etaz =
0.169], where the use of an elastic band led to an
increase of 1.5° in the range of motion. No
significant interaction was found between load x
KT during upward rotation [F = 0.023; p = 0.997;
eta? = 0.001], internal rotation [F = 0.840; p =
0.439; eta? = 0.040] or posterior tilt [F = 1.654; p
= 0.204; eta2 = 0.076].

Flexion of the shoulder

Regarding the main factors (Tables 1 and
2), the KT showed a significant effect on upward
rotation [F =5.410; p =0.031; eta2 = 0.213], where
the use of KT resulted in a decrease of 1.2° in the
range of motion. Concerning load, there was an
effect during upward rotation [F = 22.981; p <
0.001; eta? = 0.535], internal rotation [F = 17.138;
p < 0.0001; etaz = 0.461] and posterior tilt [F =
5.610; p = 0.007; eta2 = 0.219],
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where the use of a dumbbell led to, respectively

an increase of 4,5°, 2,9° and 1,0°, an increase of
4.5°, 2.9° and 1.0° in the range of motion. When
comparing no load vs. an elastic band, there was
an effect of load during the upward rotation and

internal rotation, where the use of an elastic band
increased the range of motion by 2.7° and 2.3°.

MTP&Rehabjournal 2021, 19:1225

No significant interaction was found between load
x KT during upward rotation [F = 0.735; p = 0.486;
etaz = 0.035], internal rotation [F = 0.013; p =
0.987; eta? = 0.001] or posterior tilt [F = 0.091; p
= 0.913; eta? = 0.005].

Table 1. The main effects of Kinesio Tape on scapula kinematics during abduction, scaption and flexion
of the shoulder. The range of motion is described in degrees (standard error).

-
c

(&) ey

£ Rotation of scapula No KT KT Within factor
3 difference
=

c Upward Rotation 29.9°(0.8) 28.9°(0.9) 1.00*

o .

5 Internal Rotation 10.1°(0.7) 9.9°(0.6) 0.2°

>

©

-2: Posterior Tilt 6.9°(0.4) 6.1°(0.6) 0.7°

c Upward Rotation 27.0°(0.8) 25.6°(0.9) 1.3

o .

= Internal Rotation 10.1°(0.6) 10.2°(0.8) 0.1°

IS

3 Posterior Tilt 5.64°(0.2) 5.67°(0.3) 0.0°

- Upward Rotation 23.9°(0.8) 22.7°(0.7) 1.20%

-g Internal Rotation 14.1°(0.7) 14.4°(0.7) 0.3°

,_#‘,j Posterior Tilt 6.5°(0.4) 6.8°(0.3) 0.3

“Note: *Significant difference between no KT and KT (p<0.05).

Table 2. The main effects of load on scapula kinematics during abduction, scaption and flexion of the
shoulder. The range of motion is described in degrees (standard error).

S Rotation . Within factor  Within factor ~ /thin
e Dumbbell Elastic Band . ; factor
) of No Load (1) difference difference .
3 scapula 2) (3) (1vs.2) (1vs.3) difference
= ' ' (2 vs. 3)
Upward 28.5°(0.7 30.5°(0.9 29.3°(0.9 2.00% 0.7° 1.20
g Rotation 5%(0.7) 5%(0.9) -3°(0.9) ) : :
‘3 Internal o o o
S Rotation 10.4°(0.7) 9.6°(0.5) 9.9°(0.7) 0.7° 0.4° 0.3°
< Posteri
osterior o o
i 6.8°(0.4) 6.9°(0.4) 5.9°(0.7) 0.1° 0.9° 1.0°
Upward 24.9°(1.0) 27.3°(1.1) 26.7°(0.7) 2.30% 1.7 0.6°
g Rotation ) ) ) : : ) ) : '
= Internal R o o o
§ Rotation 9.4°(0.8) 10.3°(0.5) 10.9°(0.8) 0.8° 1.5% 0.6°
n POSTtﬁtr or 5.5°(0.2) 5.9°(0.4) 5.59(0.3) 0.3° 0.0° 0.4°
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Upward . .

c Rotation 20.9°(0.8) 25.4°(0.8)
= Internal . .

3  Rotation 12.5°(0.6) 15.4°(0.8)
“  posterior . .

Tilt 6.3 (0.4) 7.3 (0.3)

Dhein W et al.

23.6°(0.8) 4,50 2.7% 1.8°
14.8°(0.8) 2.90 2.3% 0.6°
6.4°(0.4) 1.0% 0.4 0.9

"Note: *Significant difference between no load and dumbbell (p<0.05); # significant difference between no load and elastic

band (p<0.05).

DISCUSSION

The aims of the study were to investigate
the effect of KT on scapular kinematics in
healthy subjects during abduction, scaption and
flexion of the shoulder and whether a change in
external load (no load, dumbbell and elastic
band) influenced the KT effect. Our results reject
our first hypothesis and found the opposite,
suggesting that KT over the upper trapezius
decreased the upward rotation of the evaluated
movements. Concerning the interaction
between load x KT, our results reject the second
hypothesis, indicating that there was no
interaction between the factors and suggesting
that the KT effect on the range of motion during
upward rotation, internal rotation and posterior
tilt rotation is the same, regardless of the load
condition.

The literature reports results showing
that KT increases upward rotation,®31517
posterior tilt,®13151819 retraction and external
rotation 21, but has no effect on scapula
kinematics.1416.20.22) Therefore, our results differ
with those found the literature. The change of
scapular kinematics with KT may be connected
to a new recruitment of the periscapular
muscles’ motor units,™ the characteristics of
the sample or a 900 range of motion. According
to the literature, studies found that when the I-

shaped KT was applied over the upper
trapezius, there was a decrease in
electromyography activity.®®*#)  The same

results were found with subjects with suspected
SIS,“Y rotator cuff tendinopathy®” and scapular
dyskinesis.® If we consider our sample of
healthy subjects, who a priori don’t have an
alteration of scapula kinematics and EMG, we
may expect a decrease in EMG activity of the
upper trapezius, and therefore less contribution
of the muscle in the upward rotation.

Another explanation may be related with
our range of motion extending until 90°, where
the upper trapezius has less contribution
compared to the lower trapezius,*? and with
this decrease in EMG activity less upward
rotation occurred during this range of motion.

However, as we did not evaluate EMG
activity in this study, we cannot validate this
hypothesis. Moreover, it is important to
emphasize that we do not know if this change,
just 1.0°-1.3° of upward rotation in abduction,
scaption and flexion, would be clinically relevant.
Therefore, future studies should evaluate EMG
activity with a kinematics evaluation in
randomized clinical trials.

Regarding the load conditions, a greater
upward rotation was found with the use of a
dumbbell compared to no load during the
evaluated movements. These results agree with
those previously reported in the literature, which
also revealed an increase in the upward rotation
during abduction®4® and anteflexion.“® For
internal/external rotation during flexion without
load, a lesser range of motion was determined,
but no difference was seen on the upward
rotation of the scapular dyskinesis subjects.®
When comparing an elastic band with no load
movements, a greater upward rotation on flexion
and internal rotation during scaption and flexion
were found, which disagrees with another
study.®” This was probably due to the load
adjustments being different and the manner in
which the elastic band was attached to the floor.
Nonetheless, there was no interaction between
load x KT; hence, the effects of the KT are the
same regardless of the load condition.

Therefore, in clinical practice, whether
the subjects use a dumbbell or an elastic band
during the evaluated movements associated
with the KT, the effects on their scapula
kinematics will be the same, making the choice
of which load to use dependent on the patient’s
evaluations. We need to remember that our
results cannot be extrapolated to subjects with
shoulder injuries since the sample comprised
healthy subjects. Moreover, we cannot ensure
that this change will be clinically relevant. Future
studies should explore different magnitudes of
load (in our study, load was defined as 5% of
body weight) and subjects with shoulder
pathologies to verify if the interaction between
KT x load remains the same.
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There are limitations and perspectives
when considering the results. First, we found a
decrease in upward rotation with the use of KT,
but the evaluated movements extended until 90°
degrees. Therefore, futures studies should
evaluate different ranges of motion and verify if
this behavior continues past 90°. The choice to
delimit the movement to this range of motion is
justified by the markers attached to the scapula,
which may not follow the behavior of the bone
because of the skin they are attached to. Despite
that, there was a control in the plane of motion in
the form of nylon threads. Another limitation is that
the EMG activity of the scapular muscles was not
evaluated. Future studies should evaluate these
muscles to sustain the scapula kinematic results
and the hypothesis of the decrease in the EMG
activity of the upper trapezius and consequently
the downward rotation found in the study. We
need to highlight in our study the control of the
tension applied to the tape (control by equation),
the different loads and the analysis of the
interaction between the factors load and KT,
which may help to improve the current knowledge
concerning KT effects.

CONCLUSION

Kinesio Tape decreased the upward rotation
during the movements of abduction, scaption and
flexion of the shoulder. There was no interaction
between load x KT, suggesting that the KT effects
on scapular kinematics are the same, regardless of
the load condition (no load, dumbbell or elastic
resistance) in healthy subjects.
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