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Abstract: Background: Some bandages with Kinesiotape have demonstrated some potential as means
of prevention for Anterior Cruciate Ligament (ACL) injury in men. Objective: The main objective
of this pilot study was to observe if a Kinesiotape bandage at the knee could potentially have an
immediate preventive effect against ACL injuries by improving proprioception and balance and
reducing knee valgus and anterior translation of the tibia during certain functional tests in female
athletes. Materials and Methods: A cross-over clinical trial including 10 female athletes (football and
rugby) was conducted, where the two lower limbs of the 10 participants (n = 20) were randomly
assigned to the intervention group (IG) or to the control group (CG). A Kinesiotape bandage was
placed on one knee with a tension of 75% (IG, n = 10) and another bandage on the other knee with a
tension of 10% (CG, n = 10), as a placebo. Ultrasound assessment and functional tests were performed
before (T1) and after (T2) bandaging according to group assignment. A videographic analysis was
carried out with the Image] Software version 2.0. Results: A statistically significant reduction in
knee valgus was observed in the Lateral Step Down test in the IG, compared to the CG (p < 0.05;
n2p = 0.26) (IG-T1: 151.40 £ 11.04°; IG-T2: 157.10 £ 10.18°; versus CG-T1: 156.96 + 5.44°; CG-T2:
158.68 £ 6.12°). In the other tests, no significant differences were found in terms of time x group
interaction. Conclusions: A Kinesiotape bandage was able to reduce knee valgus in a functional test
compared to a placebo bandage but was not more effective at reducing the anterior translation of
the tibia or improving balance or proprioception. Based on these results, it could have a modest
preventive effect against an ACL injury in female athletes.
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1. Introduction

The anterior cruciate ligament (ACL) is the main static stabilizer of anterior translation
of the tibia and represents up to 86% of the total force resisting anterior displacement. This
ligament has a key proprioceptive function because of its numerous mechanoreceptors [1].

The risk of ACL injury is multifactorial, involving biomechanical, anatomical, hor-
monal, and neuromuscular factors. Of all cases, 70-80% occur without contact. One of the
most described mechanisms in women involves landing with the hip and knee extended,
knee valgus, tibial internal rotation, and foot pronation [2,3]. ACL injury is one of the most
common knee injuries in athletes. Each year in the United States, there are an estimated
250,000 ACL tears [4].

Currently, some studies show that women are more susceptible to ACL injury than
men [5,6]. In fact, the number of non-contact injuries is two to nine times higher in women
than in men [7,8]. These injuries are more common in young female athletes who play
team sports [7] which involve jumping, turning, and changing directions. By sport, the
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proportion of non-contact ACL injuries to total ACL injuries was 66% in soccer and 54% in
rugby [8].

The impact of these injuries on athletes’ sports participation and general well-being
can be significant, both in the short and long term. Only 65% of injured soccer players can
compete at the same level 3 years after the injury [9,10]. In the long term, ACL injury is
associated with potential complications, including chronic knee instability, meniscus tears,
cartilage damage, and a seven-fold increased risk of end-stage osteoarthritis (OA) leading
to knee replacement [8]. In addition, after ACL reconstruction, less than 50% of patients
will return to sports within one year, less than 65% within two years, 24% will change
sports, and 11% will drop out [11,12].

Several programs based on the neuromuscular system, such as FIFA11+ [13], achieved
a 50% reduction in the risk of ACL injuries in men and 67% in women [14], but a consensus
has not yet been established. Knowing that these prevention programs are carried out in a
period of 6 to 8 weeks, it would be novel to find a form of ACL injury prevention with an
immediate effect.

Among the most-used bandages, Kinesiotape (KT) is proposed as a beneficial thera-
peutic tool in the prevention and treatment of sports injuries [15,16], helping to reduce pain,
increase ROM, and improve proprioception as well as muscle activity [17]. Through tactile
input, KT stimulates cutaneous mechanoreceptors and motoneurons [18,19], which can
explain why KT has shown positive results in improving function, stability, proprioception,
and force production of the muscle in randomized controlled trials [20].

In individuals with a recent ACL rupture, KT application at the knee has been shown
to improve proprioception, strength, and static balance [21-23]. However, in healthy young
athletes, there are inconclusive results about the effectiveness of KT at the knee. In some
randomized controlled trials, KT is not more effective than sham KT in improving static
and dynamic stability [24]. However, during landing tasks, some studies found that KT at
the knee reduces the dynamic knee valgus, which could reduce the risk of an ACL injury,
considering that a pronounced knee valgus is a relevant factor [20,25]. In this line, a recent
study applied a KT bandage to the knee with a tension of 75%, achieving a significant
reduction in the knee valgus during the Jump Landing Test in men [26]. To date, there is
inconclusive evidence that KT improves neuromuscular control at the knee in symptomatic
populations [27], and it would be interesting to analyze the effectiveness of KT in reducing
knee valgus in several closed kinetic chain functional tests focusing on women, since they
have a greater risk of suffering from ACL injuries.

Therefore, the main objective of this study was to determine whether a KT bandage
at the knee improves balance and proprioception and decreases anterior translation of
the tibia and knee valgus in functional tests in female athletes. Our hypothesis suggests
that significant differences will be observed in tibiofemoral displacement, as well as in
evaluating knee valgus.

2. Materials and Methods
2.1. Study Design, Settings, and Ethical Aspects

A pilot study was conducted using a longitudinal, prospective, randomized, cross-
over clinical trial design, following the TREND (Transparent Reporting of Evaluations
with Nonrandomized Designs) guidelines [28]. The study was carried out in the physical
performance laboratory of the Faculty of Physical Activity, Sports Sciences, and Physio-
therapy of the European University of Madrid. The Clinical Research Ethics Committee
of the European University of Madrid (SPAIN) authorized the study on 13 February 2023
(CIP1/23.052). Prior to commencing the study, all participants provided informed consent.
Moreover, throughout the entire study, strict adherence to the principles outlined in the
Declaration of Helsinki was maintained.
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2.2. Sample Size Calculation

The sample size was calculated with the G*Power 3.1.9.7 software using an alpha error
of 0.05 and a beta of 0.80, considering the total antero-posterior displacement of the tibia as
the primary variable. The total needed sample calculated was n = 50 (25 players).

2.3. Participants and Recruitment

To participate in this study, the participants needed to be female amateur rugby or
football athletes aged 18-35 years. The exclusion criteria were (a) chronic pathology that
prevents physical exercise; (b) pathologies in the lower limbs in the last six months or a
history of ACL injury, (c) and skin pathologies that contraindicate the use of bandages (e.g.,
eczema or psoriasis) (Table 1).

Table 1. Demographic characteristics of the sample (1 = 10).

Variables Min-Max Mean (SD)
Age (years) 18-31 21.90 £ 3.48
Height (cm) 159-171 165.00 £ 0.04
Weight (kg) 50-68 57.55 + 5.63
BMI (kg/m?) 18.56-25.91 21.10 +2.55
Physical activity level (MET/min/week) 16534692 2861.10 £ 949.62

SD, standard deviation; BMI, body mass index; MET, metabolic equivalent.

Height (cm) and weight (kg) were measured, and then the body mass index (BMI, kg/ m?)
was calculated. In addition, the International Physical Activity Questionnaire (IPAQ) was used
to evaluate the physical activity levels of the participants (MET’S/min/week) [29]. Finally,
the researchers recorded the dominant leg and measured the height of each leg with a
tape measure.

Of the 15 women initially recruited, 5 (33%) did not meet the inclusion criteria, so a
total of 10 female football or rugby athletes (n = 5 football players; n = 5 rugby players)
aged 21.90 = 3.48 years, with a mean BMI of 21.09 = 2.55 kg/m? and 90% right lower limb
dominance, were recruited in this pilot study.

According to the IPAQ questionnaire, 50% of the participants had a high level of
physical activity and the other half had a moderate level, with a mean of 2861.10 £
949.62 MET /min/week (Table 1).

2.4. Randomization

The two lower limbs of the 10 participants (n = 20) were randomly assigned to the
intervention group (IG) or to the control group (CG). The randomization of the lower
limbs to the IG or the CG was performed using the randomization function of Microsoft
Excel version 18.0 to prevent the lower limb dominance of each participant from affecting
the results.

A Kinesiotape bandage was placed on one knee with a tension of 75% (IG, n = 10)
and another bandage on the other knee with a tension of 10% (CG, n = 10), as a placebo.
To avoid the risk of assignment, the investigators applied the bandage with 10% or 75%
tension randomly to the left or right lower limb.

2.5. Variables
2.5.1. Anteroposterior Displacement of the Tibia Measured with Ultrasound

To perform the ultrasonographic assessment at the knee, an ultrasound machine
(Logiq S7 Expert, GE Healthcare, Chicago, IL, USA) was used, equipped with a linear
probe (50 mm field of vision) with a frequency range of 4 to 15 MHz. A preset frequency
of 8 MHz, 61 gain points, 69 points of dynamic range, and 1 focus located at a depth of
5 cm were established to evaluate the knee morphology. The participants were positioned
in the prone position, with a twist under the legs to maintain the knee in 20° of flexion
and the femur supported by a McKenzie tape to assess movements of the tibia only. This
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evaluation technique to was used by Stoianov et al. to observe the accuracy and reliability
of dynamic ultrasound assessment of anterior tibial translation (Figure 1) [30].

Figure 1. Position of the participant during the measurement with ultrasonography.

Measurements were performed on both knees, on the posteromedial side. For the
interpretation of the ultrasound data, the ultrasound machine was used directly as a
reference. The distance between the tangent line to the medial femoral condyle and the
tangent line to the posterior aspect of the tibia was measured in the static position (D1)
and after applying manual pressure at the level of the proximal posterior aspect of the
tibia (D2) (Figure 2). For each knee, the difference between the two distances (D2 — D1)
was calculated. Participants were instructed to keep the leg as relaxed as possible during
the ultrasound evaluation. Likewise, the position of the probe was stabilized by firmly
maintaining the soundproofing angle as well as maintaining the least possible pressure on
the posterior aspect of the knee.

Immediately after, a similar pressure was applied on the proximal anterior aspect of
the tibia (D3) to calculate the total displacement of the tibia. Due to this pressure, the full
range of anteroposterior movement of the tibia could be calculated, avoiding the possible
bias that the tibia was anteriorized due to gravity in the prone position.

2.5.2. Y Balance Test (YBT)

The YBT evaluates the stability and joint mobility of the ankle, knee, and hip. This
test was performed with the participant standing on one leg, placing the support foot in
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the center of a Y-shaped area formed by three bands on the floor, forming an angle of 135°
and 90° between each one. While balancing on one leg, the participant strove to reach
as far as possible with the other limb without falling along each of the three branches of
the Y: anterior, posterior-right, and posterior-left. Measurements (in cm) were taken from
the tip of the foot in each direction, with three trials conducted to obtain an average. The
attempt was invalid if the participant supported the free leg during the exercise, lifted, or
lost balance. In this study, a kit was used that the athlete had to move, with contact always
with the element. (Figure 3) [31].

e — —_— e

e | e e e i

Figure 2. Measurements of the anteroposterior displacement of the tibia. (A) The initial position of
the previous displacement. (B) Anterior displacement of the tibia with respect to the femur. (C) The
initial position of posterior displacement. (D) Posterior displacement of the tibia with respect to
the femur.

2.5.3. Lateral Step Down (LSD)

In the LSD test, the participants performed the test unilaterally on a 20 cm step,
crossing their arms crossed on the shoulders and standing with the test leg on the edge of
the box. The contralateral leg hung off the side of the step with the knee fully extended.
Then, they were instructed to lower themselves and bend the test leg until the contralateral
leg touched the floor, without losing balance. In this test, knee valgus was evaluated
(Figure 4) [32].
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Figure 3. Y Balance Test.

Figure 4. Lateral Step Down Test.

2.5.4. Single Leg Squat (SLS)

In the SLS, the participants stood on one leg and were instructed to cross their arms
over their chest, flex their nonstanding knee to 90°, and squat down as low as possible
without losing balance, with good weight transfer. Then, they had to ascend back to the
standing position without contacting the floor with the nontesting leg. The objective of this
test was to evaluate knee valgus [33].
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2.5.5. Jump Landing Test (JLT)

The JLT was divided into two phases. First, the participant had to perform a horizontal
jump forward, and then immediately perform a vertical jump. The starting position was
standing on a step, with a mark on the ground at the average height of the participant.
Each participant then had to jump longer than the mark for the attempt to be valid. The
knee valgus was analyzed in the first standing position (P0), in the first landing position
(P1), and in the last landing position (P1) (Figure 5) [34].

Baseline position

Second landing

Vertical jump

Figure 5. Jump Landing Test.

2.6. Development of the Assessment Protocol and Intervention

An ultrasound study of the knee was performed to measure the movement of the
tibia relative to the femur before and after KT application. Following this measure, the
participants performed a previous warm-up of 10 min, including mobility exercises of
the joints of the lower limbs, squats, and jump squats. Then, the investigators supervised
the functional tests in the following order: YBT, LSD, SLS, and JLT. Before starting the
functional tests, the investigators placed markers in the following anatomical areas of the
lower limb of each participant: anterior superior iliac spines, knee (central, internal, and
external part), malleoli, and astragalus.

Functional tests were performed three times on each leg, first without a bandage and
then with the bandage on. Each participant tried each exercise before performing the test
to check their adequate execution. The researchers recorded the tests in frontal view to
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analyze the knee valgus with the Image] Software version 2.0 [35]. To systematize data
extraction, a 7-step image measurement protocol was designed: (i) calibration of the image
from pixels to cm from the patella; (ii) activation of the tool that allows measurement of
angles; (iii) delimitation of the longitudinal references lines from the anterior superior iliac
spine to the patella, (iv) and from the patella to the astragalus; (v) fitting of the longitudinal
reference lines on the anatomical lines; (vi) analysis; (vii) measure. The angle measured
was the dynamic knee valgus, which is the angle between the line formed between the
anterior superior iliac spine and the middle of the tibiofemoral joint and the line formed
from the middle of the tibiofemoral joint to the middle of the ankle mortise [36].

From this moment on, the KT bandage was applied always by the same researcher.
In the initial position for the bandage application with the knee flexed at 45°, the KT was
applied progressively with the corresponding tension (75% IG; 10% CG) as the participant
fully extended the leg. The KT bandage was placed on the anterior tibial tuberosity and
moved up cranially. The % tension refers to the % additional length that the KT acquires
when stretched (Figure 6) [37-39].

Figure 6. KT bandage application.

2.7. Statistical Analysis

The statistical analysis was performed using the Statistical Package of Social Sciences
program (SPSS 25.0v from IBM, Armonk, NY, USA). First, the Shapiro-Wilk test was
carried out to check the normal distribution of quantitative variables of the study. Then,
a descriptive analysis of the participants was performed using the mean and standard
deviation for the parametric variables as well as the median and interquartile range for
the non-parametric variables. Thereafter, a two-way analysis of variance (ANOVA) with
repeated measures was performed to determine the time x group effects (p-txg) of the
intervention. The statistical significance level was set at p < 0.05. Partial eta squared (n2p)
was used to measure the effect size, considering 0.01 as small effect size, 0.06 as moderate
effect size, and 0.13 as large effect size [40].
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3. Results
3.1. Ultrasonographic Variables

Comparing the CG with the IG in the time x group analysis, no statistically significant
differences were found in any of the three movements of the tibia: anterior displacement
(p-txg = 0.43; n2p = 0.14), posterior displacement (p-txg = 0.43; n2p = 0.04), and total
displacement (p-txg = 0.67; n2p = 0.01). In the time analysis, there was a significant
difference in the total displacement of the tibia (p = 0.02) (Table 2).

Table 2. Ultrasonographic variables for comparisons of tibiofemoral displacement between groups.

Variables GROUP T1 T2 p-Time p-txg 1n2p txg
Anterior displacement (cm) é% 8}8 i 8(1); 882 i 88; 0.10 0.43 0.14
Posterior displacement (cm) (I:CC;; 8(1)3 i: ggg 882 i 88; 0.10 0.43 0.04

Total displacement (cm) (IjGG 85(1) i gg 81; i 88; 0.02 * 0.67 0.01

T1, initial assessment; T2, final assessment; IG, intervention group (75% tension KT); CG, control group 10%
tension KT); p-time: p-value time; p-txg: p-value time X group assessment. n2p txg: effect size for the time x group
interaction. All the analyses were performed with a two-way ANOVA. Significance was set at p < 0.05 (bold) *.

3.2. Functional Tests

During the LSD test, there was a significant difference in the time x group interac-
tion between the IG and CG with a large effect size (p-txg < 0.05, n2p = 0.26) (IG-T1:
151.40 £ 11.04°; IG-T2: 157.10 £ 10.18° versus GC-T1: 156.96 + 5.44; GC-T2: 158.68 + 6.12),
so the 75% tension KT bandage reduced the valgus of the knee. No statistically signifi-
cant differences were observed in terms of time x group interaction in the YBT anterior
(p-txg = 0.76; 2p = 0.01), YBT medial (p-txg = 0.93; n2p = 0.00), YBT lateral (p-txg = 0.53;
1n2p = 0.06), SLS (p-txg = 0.17, n2p = 0.10), JLT position 0 (p-txg = 0.51; n2p = 0.03), position
1 (p-txg = 0.20; n2p = 0.09), or position 2 (p-txg = 0.63; n2p = 0.01) (Table 3). In the time
analysis, there was a significant difference in the YBT anterior (p = 0.01), the SLS (p < 0.01),
and the LSD (p < 0.01).

Table 3. Comparisons between groups in the knee valgus angle and performance during functional tests.

Variables GROUP T1 T2 p-Time p-txg n2p txg
G 61.95 + 4.73 60.03 + 4.90 .
ANT (cm) CG 62.47 + 4.55 63.01 + 3.74 0.01 0.76 0.01
Y balance G 71.93 + 6.31 73.96 + 691
Test MED (cm) CcG 73.38 + 5.71 75.21 + 7.49 0.13 0.93 0.00
G 76.15 + 8.58 76.82 + 6.09
LAT (em) CcG 76.22 + 8.19 78.76 + 6.73 0.29 0.53 0.06
G 151.40 + 11.04 157.10 4 10.18 . .
LSD (degrees) CG 156.96 + 5.44 158.68 + 6.12 <0.01 0.02 0.26
G 167.55 + 12.03 173.32 + 10.50 .
SLS (degrees) CcG 169.27 + 6.50 172.75 + 5.86 <0.01 0.17 0.10
G 178.87 + 7.40 178.83 + 6.29
PO (degrees) CcG 180.10 + 9.01 181.90 + 6.90 0.53 0.51 0.03
G 186.66 + 10.96 184.42 + 12.59
JLT P1 (degrees) CG 185.95 + 13.85 188.50 +9.16 0.93 0.20 0.09
G 185.68 + 6.26 185.77 + 8.76
P2 (degrees) CG 183.734 4.57 184.95 + 7.70 0.57 0.63 0.01

T1, initial assessment; T2, final assessment; IG, intervention group (75% tension KT); CG, control group (10%
tension KT); ANT, anterior; MED, medial; LAT, lateral; LSD, lateral step down; SLS, single leg squat; JLT, jump
landing test; PO, starting position; P1, landing 1; P2, landing 2; p-time: p-value time; p-txg: p-value time X group
assessment. 12p txg: effect size for the time x group interaction. All the analysis were performed with a two-way
ANOVA. Significance was set at p < 0.05 (* bold).
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4. Discussion

This novel pilot study aimed to analyze the immediate effects of a KT bandage on knee
valgus, balance, proprioception, and anterior displacement of the tibia in female athletes.
The KT application was observed to reduce knee valgus in some functional tests, which
could have a preventive effect against ACL injury.

The KT placed with a tension of 75% significantly decreased knee valgus during the
LSD test, compared to the KT with 10% tension (p-txg < 0.01), with a large effect size, as
opposed to what other studies have reported about the effects of KT on static stability
in healthy young athletes [24]. However, in the YBT, significant differences were only
found over time in the anterior displacement, but not between groups, which is in line
with the results reported by Espi-Lopez et al. in healthy amateur soccer players [24]. Only
in studies performed in individuals with a recent ACL rupture did KT improve the static
stability [22,23]. This finding is clinically relevant because it may be associated with a
potential reduction in the risk of ACL injury, since an enhanced knee valgus is a risk factor
for this type of injury [26]. Concerning the SLS, no statistically significant differences were
found between bandages, perhaps due to the small sample size (n = 20), as the sample size
calculation indicates that it should reach at least n = 50 to obtain significant improvements
between groups. Indeed, as there were statistically significant differences (p < 0.01) in
the analysis over time, we could assume that, for example, in the SLS test (p-txg = 0.17),
statistically significant differences between groups would be found if the sample was larger.
However, the trend in the LSD and the SLS is similar, which could be because the muscle
pattern of both tests is a closed kinetic chain of lower limbs, with activation of hip extensors,
hip abductors, knee extensors, and ankle extensors.

Regarding the JLT, no statistically significant differences between groups were found
in the present study. Other authors have reported that KT at the knee reduces the dynamic
knee valgus during some landing tasks such as the single leg drop landing test in male par-
ticipants [25], the Drop Jump test in both female and male participants [20], and Drop Jump
test in male participants applying a similar KT bandage to that in the present study [26].
Perhaps the JLT has different biomechanics as it has a horizontal jump component, which
could explain why the same results were not found as in other studies.

Concerning the displacement of the tibia, the use of the KT is based on the tactile
stimulation of the cutaneous mechanoreceptors, which may improve proprioception and
knee position during dynamic tasks by allowing a better perception of the position of
the joints. This specific application can help control the anterior translation of the tibia
and valgus. In the temporal analysis of the ultrasound assessment, the KT bandage
reduced the total displacement of the tibia (p = 0.02). However, there were no statistically
significant differences between the IG and the CG, which could be explained by the highly
elastic properties of the KT, which allows a normal full range of motion while providing
support [19]. In this regard, both KTs with 75% and 10% could be effective.

Some interesting clinical implications can be drawn from this study, which was con-
ducted to find immediate means of prevention for ACL injuries in female athletes following
the research recommendations of Limroongreungrat et al. [26]. A 75% tension KT bandage
reduced knee valgus during a dynamic stability test in a closed kinetic chain, so it could
be an effective strategy to prevent ACL injuries in female rugby and football athletes,
combined with other approaches such as proprioception or jumping tasks training [41].
However, it is important to point out the limitations found in the study. First, the sample
size is small, which makes it difficult to project the results to the specific population. Sec-
ond, the observations related only to the direct effects of KT, but the long-term effects are
unknown. Considering that this study was performed only with female athletes, it would
be essential to consider the hormonal aspect in future research. Current knowledge shows
that each person has differences in terms of ligament laxity, but there are intrapersonal
differences based on the menstrual cycle [42]. In addition, the knee, as an intermediate joint,
depends on the other joints, such as the hip and the foot [43-45]. It must be considered that
the body is an entity, and in future studies, neighboring joints such as the ankle, hip, or
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pelvis could be analyzed to carry out a more complete biomechanical study. Finally, in the
evaluation of biases, it should be considered that the participants may have noticed the
difference in tension between one bandage and another, and these thoughts could interfere
with the results.

5. Conclusions

A KT bandage was able to reduce knee valgus compared to a placebo bandage in the
LSD test but not in more intense movements and was not more effective at reducing the
anterior translation of the tibia. Based on these results, it could have a modest preventive
effect against an ACL injury in female athletes. Future experimental designs with larger
samples should be carried out with the aim of contracting the effect of the use of the KT
bandage in the prevention of valgus collapse of the knee as well as clarifying the effect on
restriction of tibiofemoral displacement.
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