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ABSTRACT

Objective: In this study, it was aimed to examine the effects of knee brace use on landing error after jumping, balance and crossover hop test (CHT) in
healthy athletes.

Methods: After recording the descriptive information of the healthy volunteer athletes and measuring the lower extremity joint range of motion, and the
Q angle at the knee, participants were randomized. During the study, randomization was carried out as follows: those who did not use knee braces
(Groupyen), those who used simple knee braces (Groupp,g) and those who used ligament-supported knee braces (GroupLig). Y-balance test of lo-

wer extremity (YBTL), CHT, and landing error scoring after jumping were applied to the participants.

Results: A total of 56 professional athletes (Groupyen, N=19; Groupg,sic, N=19; Groupy 45, N=18) participated in the study. Characteristics of the parti-
cipants did not reveal any difference (p>0.05). Compared with the other two groups, lower hip extension range of motion was observed in Groupyo,
(p<0.05), and no difference was observed in other lower extremity descriptive data (p>0.05). Furthermore, comparing to the other two groups, a signi-
ficant (p=0.014) increase was observed only in the velocity of CHT applied to the non-dominant extremity of Groupg,s;e. No significant difference was
observed in the other evaluated parameters (p>0.05). As a result of intra-group correlation analyses, different levels of relationship were determined
between the landing results after the jumping and various biomechanical properties according to the choice of knee brace (p<0.05).

Conclusion: It would be appropriate to choose the knee brace to be used in healthy athletes by taking into account the biomechanical defining cha-
racteristics of the athlete.
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Amag: Bu calismada; saglikli sporcularda dizlik kullaniminin sigramadan sonra yere inis hatasina, dengeye ve ¢apraz hoplama testi sonuglarina etkisini
incelemek amagland..

Gereg ve Yontem: Gonulll saglikli sporcularin tanmlayici bilgileri kaydedilip alt ekstremite eklem hareket acikliklar ve diz Q agisi élgtmleri yapildiktan
sonra katlimcilar rastgele gruplandi. Aragtirma sirasinda dizlik kullanmayan (Grupy,p), basit dizlik kullanan (Grupg,s;e) Ve ligament destekli dizlik kulla-
nan (Grupug) olacak sekilde randomizasyon gergeklestirildi. Katilimcilara Y denge testi, capraz hoplama testi ve sigramadan sonra yere inis hatasl pu-
anlamasi uygulandi.

Bulgular: Calismaya 56 profesyonel sporcu (Grupyen, N=19; Gruppagic; N=19; GrupLig, n=18) katildi. Katiimcilarin &zellikleri farkl degildi (p>0.05).
Grupyon in diger iki gruba kiyasla kalga ekstansiyonu eklem hareket agikigi 6lctim degerleri (p<0.05) dsktd; diger alt ekstremite verilerinde fark yoktu
(0>0.05). Gruppg,gic'in diger iki gruba kiyasla non-dominant ekstremiteye uygulanan ¢apraz hoplama testinin sadece hiz de@erinde (p=0.014) anlaml
bir yUkseklik gézlendi. Diger parametrelerde anlamli fark bulunmadi (p>0.05). Grup i¢i korrelasyon analizleri sonucunda sigramadan sonra yere inig so-
nuclar ile gesitli biyomekanik ¢zellikler arasinda dizlik secimine gore farkl diizeylerde iliski belirlendi (p<0.05).

Sonug: Saglikli sporcularda kullanilacak dizliklerin sporcunun biyomekanik yénden tanimlayici 6zellikleri dikkate alinarak segilmesi uygun olacaktir.

Anahtar Sozciikler: Diz, dizlik, fiziksel uygunluk, biyomekanik, sporcu

INTRODUCTION

Practicing sports is recommended for the protection and of participation in sports in young and adult age groups is
promotion of lifelong mental and physical health for every-  higher than in other age groups, and the most common ca-
body. However, sports injuries stand out as a major problem  use of trauma in young age groups is sports (2).

that arises depending on the sports discipline (1). The rate
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Sports injuries are costly due to the athlete's medical care
needs and absence from sports, and it is a difficult process
for the athlete, both physically and psychologically (3). Re-
garding the difficulty of the treatment process after sports
injury, it is much more economical and easy to prevent in-
juries to athletes (4). The high cost, physical and psycholo-
gical difficulties of sports injuries emphasize the prevention
of sports injuries and the necessity of different practices in
this regard, based on evidence (3,4).

Various injury prevention programs have been developed
by sports professionals to protect against sports injuries. It
is stressed that the most suitable injury prevention program
is the one that is easiest to implement and maintain by the
athlete and the coach. Another method used to prevent
sports injuries is protective equipment usage by the athle-
tes during training or competition. In this respect, the use
of helmets, mouth guards, and tapes or braces for different
body parts is frequent among athletes in different sports
disciplines (1).

As a result of the developing orthotic technology, the ad-
vance in the quality of orthoses’ material, and the increase
in the number of studies on orthoses’ biomechanics, ortho-
ses usage frequency in athletes is increasing (1). Ankle bra-
ces used to prevent ankle instability, lumbar supports used
for low back health, and knee braces used to prevent knee
injuries are examples of commonly used orthoses (5).

Considering all sports injuries, it has been reported that the
most common injury concerns lower extremities, and knee
injuries are the first among them (6). For this reason, knee
braces are one of the most frequently used orthoses by ath-
letes to protect them from sports injuries (1). It is note-
worthy that the use of knee braces as protective equipment
is especially used by athletes competing in sports that inc-
lude jumping, cutting and pivot movements (7). For this re-
ason, it is of great importance to examine the effects of
knee brace use on sports performance and conditions that
predispose to lower extremity injuries.

When the literature is examined, there is absolute consen-
sus on the importance of balance in preventing sports inju-
ries (8,9). Therefore, Y balance test of lower extremity
(YBTL) was used in the study to investigate whether the use
of knee braces affects balance. On the other hand, CHT is
one of the functional tests used to evaluate lower extremity
functionality, predict post-injury return to sports, and re-
injury (7). Landing Error Scoring System (LESS) is a move-
ment analysis method (10) developed to detect and prevent

risk factors of anterior cruciate ligament injury. For these
reasons, existing tests were preferred as functional tests.

It has been emphasized in the literature that descriptive
measurements such as lower extremity length, knee Q ang-
le and lower extremity joint range of motion should be
made in order to interpret functional measurement parame-
ters of the lower extremity properly (10-12). For this reason,
these measurements were made at the beginning of the
study to obtain lower extremity status information. The aim
of the present study is to observe the effect of the use of a
simple and ligament-supported knee brace on LESS (13),
YBTL and CHT results (7).

MATERIAL and METHODS

The sample of the study consisted of healthy athletes who
applied to our clinic to participate in sports or to receive a
general health examination.

Inclusion-Exclusion Criteria

Participants who were professional athletes between the
ages of 18-30, and had a normal lower extremity musculos-
keletal system examination, had no musculoskeletal injuri-
es that would preclude them from performing the functi-
onal test, were included in the study. Those who had a dise-
ase that prevented them from doing sports, lower extremity
injury in the last six months, a history of lower extremity
fracture or surgery were excluded from the study.

Study Design

The study was approved by the Siileyman Demirel Univer-
sity Clinical Research Ethics Board of Medical Faculty
(Date: 23/7/2020, No. 192). All of the athletes who did not
have any health problems were informed about the purpose
of the research. Descriptive data were recorded by a rese-
archer after taking verbal and written consent of the athle-
tes who conformed to the inclusion criteria, and agreed to
participate voluntarily in the study. After measuring the
range of motion of the lower extremity and the Q angle of
the knee, the participants were randomized and divided
into three groups as: Groupyon: participants who did not
wear any knee braces during the study; Grouppggjc: partici-
pants who wore a closed patella neoprene knee brace (Ge-
nucare Basic, Orthocare, Ankara/Tiirkiye) on both knees
during the study (Figure 1); Group pje:participants who
wore a neoprene knee brace, which was a knee support
with patella pad and spring ribs (Genucare Air-X Ligament,
Orthocare, Ankara, Tiirkiye) on both knees, during the
study (Figure 2).
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Figure 1. Closed patella neoprene
knee brace

Before functional tests were performed, participants were
allowed a 5-min warm-up exercise and a 3-min lower extre-
mity stretching exercise. Existing warm-up and stretching
exercises were carried out without adhering to any proto-
col, in order to protect the athlete from any injuries. After-
wards, YBTL, CHT, and LESS were applied to all partici-
pants. After the tests were demonstrated to the partici-
pants, and were allowed three trials, they were started.

Y Balance Test of Lower Extremity (YBTL)

The YBTL was used to measure lower extremity balance of
the athletes (14). During the test, the participant was asked
to stand motionless with his/her hands on his/her waist, on
his/her right and left lower extremities separately, and to
extend his/her other foot 135° posteromedially and 135°
posterolaterally, and as far forward as he/she could. In or-
der for the individual to understand the test, he/she was
made to warm up for six times in three directions. The test
was performed three times in each direction and the hig-
hest value was recorded in cm. The following formula was
used to determine the difference between the first and last
measurement total scores: (Anterior + Posteromedial + Pos-
terolateral) / (3 x lower limb length) x100. While performing
the tests, care was taken not to take the sole of the foot off

Knee brace use in athletes

the ground, not to take support from any object, and ensure
that the participant could return to the starting point. Me-
asurements in which any of these steps could not be perfor-
med were not evaluated and the test was repeated.

Crossover Hop Test (CHT)

In the CHT, two 6-m-long lines 15 cm apart were used. Parti-
cipants began the test on one foot on the outside of the line
on the same side of the leg to be tested. After that, the parti-
cipants zigzagged on one leg to fall on the outside of the li-
nes, and kept their balance forward, making three consecu-
tive jumps. The participant was instructed to balance on
the jump leg for two seconds after three consecutive jumps.
The participant's time to complete the test and total distan-
ce were recorded. All measurements were made separately
for the dominant and non-dominant side (7).

Figure 2. Neoprene knee brace with
patella pad and spring ribs

Landing Error Scoring System (LESS)

Landing error after jumping was evaluated with the scoring
system whose Turkish validity and reliability was provided
by Ercan et al. Participants were subjected to a jump test. A
wooden box with a height of 30 cm and a non-slippery floor
was prepared for the jump. Participants followed the jum-
ping protocol wearing rubber sneakers and shorts. A jum-
ping mat was placed for each subject at a distance half the
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subject's height from the box. The jump was shown indivi-
dually by the researchers. Subjects were allowed to experi-
ment. No commands were given during the application,
and participants were allowed to make free landings and
rebound jumps. The landing protocol was repeated three
consecutive times. Cameras were placed opposite the parti-
cipant and on the dominant extremity side. The distance of
the cameras from the jumping mat was set at 345 cm, and
the distance of the camera lens from the ground was set at
122 cm. A smartphone (LG G3 D855 model, 16/32 GB internal
memory, 13 MP camera resolution, V21a-AME-XX) was used
for video recording. The recorded videos were scored with
the help of the Kinovea v.0.8.15 (Free software under GPL v2
license, https://www.kinovea.org) programme (13).

Statistical Analysis

Sample size was calculated taking into account the pilot
data of the study. Considering the Type I error as 0.05 and
the Type II error as 0.20, it was calculated that there should
be at least 17 athletes in each group. One-way ANOVA test
was used in the post hoc power analysis using the G*Power
3.1.9.7 package program, with the CHT velocity data obta-
ined from the CHT. According to the power analysis, the po-
wer (1-B) value at alpha o.05 level was calculated as 0.85.
SPSS v23 package program was used in data analysis. The
conformity of quantitative data to normal distribution was
determined by the Shapiro-Wilk test. After analyzing the
descriptive data of the groups, differences between groups

were tested. Differences between categorical variables were
evaluated with the Chi-Square test with Monte Carlo correc-
tion, and the differences between quantitative variables
were evaluated with the Kruskal-Wallis test. Spearman cor-
relation analysis was used accordingly. Data are presented
as frequency (n), rate (%), and mean + standard error. The
p<o0.05 level was considered significant. The rho value was
interpreted as: <0.2 very low correlation, 0.2-0.4 low corre-
lation, 0.4-0.6 moderate correlation, 0.6-0.8 high correlati-
on, and >0.8 very high correlation.

RESULTS

The study included 56 healthy professional athletes. Athle-
tes were randomized and divided into three groups (Group
Non» =195 GTOUPRasic, N=19; Group g, N=18) according to
the use of knee braces. While there were 9 (47%) football
players and 10 (53%) volleyball players in Group yop, there
were 9 (47%) football players, and 10 (53%) volleyball pla-
yers in Groupgasic, and 7 (39%) football players and 11
(61%) volleyball players in Group 1;g. The sports discipline
distributions of the athletes in our study were similar accor-
ding to groups (p=0.743). The right side dominant partici-
pants were 17 (89%) in Group Nop, 15 (79%) in Groupgasic,
and 15 (83%) in Group 1 ¢ (p=0.741). There were no signifi-
cant differences between the groups in other descriptive
data of the participants (p>0.05), (Table 1).

Table 1. Descriptive data of participants

Parameter Group yop, (N=19)
Gender (female/male) 9 (%47)/10 (%53)
Age (yr) 20.3t0.5
Height (cm) 176.8+1.9
Body weight (kg) 67.3t3.1
Body Mass Index (kg/m?) 21.4%0.7
Continuity in sports (yr) 8.9:0.9
Training time (hr/wk) 11.5+0.6

Participants' lower extremity length, knee Q angle, and
trunk, hip, knee, ankle range of motion measurements
were evaluated separately for the dominant and non-domi-
nant side. There were no significant differences between
the descriptive data of the lower extremities of the athletes
included in the study (p>0.05); however, the range of mo-
tion values in the extension direction of the hip joint diffe-
red between Groupp,sc and the other groups (p<o.05),

(Table 2).

The YBTL test results of the participants did not reveal a
significant difference (p>0.05), (Table 3). A significant diffe-
rence was found between Group pusic and other groups for

Group gugic (N=19) Group 1 ¢ (n-18) P

9 (%47)/10 (%53) 10 (%56)/8 (%44) 0.891
21.1+0.6 221:0.9 0.430
178.8+1.3 180.1+1.6 0.155
69.8+2.2 70521 0.539
21.8+0.6 21.7+0.4 0.940
10.5t0.8 10.7+1.0 0.511
13.8%1.3 12.2t1.5 0.503

the non-dominant side in the CHT velocity of the partici-
pants (p=0.014). There was no significant difference betwe-
en the groups in the LESS score (p>0.05), (Table 4).

Correlation analysis was performed to examine the factors
associated with the participants' LESS score. LESS score in
Group yop, revealed only moderate negative correlation with
weekly training time (r=-0.49, p=0.032). LESS score was fo-
und to be moderately positively correlated with dominant
and non-dominant extremity ankle eversion (r=0.62,
P=0.005; r=0.53, p=0.019, respectively), and moderately po-
sitively correlated with non-dominant extremity hip flexion
(r=0.48, p=0.037) in Grouppgsic.
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Table 2. Descriptive data of participants' lower extremities

Group yon(N=19) Grouppg,gic(n=19) Group Lig(n=18) P
Lower limb length (cm) D 01.0+1.1 02.3+0.7 03.2#1.0 0.408
ND 00.91.1 02.3t0.6 03.2+1.0 0.354
Knee Q angle () D 10.7+0.5 11.6:0.9 11.9t0.8 0.698
ND 10.6+0.5 11.6+0.9 11.8+0.8 0.622
Ankle PF (") D 42.6*1.5 45.5t0.9 46.7+1.0 0.116
ND 43.2+1.2 45.30.8 46.1+0.9 0.198
Ankle DF () D 20.3t0.9 23.2+0.9 23.3t1.0 0.081
ND 20.5:0.9 22.6:0.6 22.4%0.9 0.237
Ankle inversion (") D 20.7+1.1 30.3t1.2 30.0£11 0.897
ND 30.3%1.1 30.3t1.3 30.6+11 0.980
Ankle eversion () D 16.8+1.0 16.1+1.0 16.4:0.9 0.676
ND 16.3+1.0 16.6+0.9 17.8:0.8 0.613
Knee flexion () D 143715 146.6:0.9 146.1+1.0 0.355
ND 143.4+1.6 146.3:0.9 146.4*11 0.346
Knee extension (") D 0:0 0*0 0+0 1.000
ND 00 0£0 00 1.000
Hip flexion () D 121.6+1.9 122.1+1.8 125.8+1.8 0.242
ND 121.3+1.9 123.4+1.6 125.8#1.9 0.221
Hip extension () D 21.6£1.72 26.8:0.9° 26.4:1.1P 0.024"
ND 21.8+1.62 26.6:0.9° 26.7+1.0° 0.034"
Hip abduction () D 41.6+1.3 42.4+11 41.9t1.6 0.017
ND 41.1£17 41.3¥1.4 41119 0.972
Hip adduction () D 29.7t0.7 29.7+1.0 27.5%1.1 0.167
ND 20.7t0.7 29.01.1 27.8+11 0.361
Trunk flexion (°) 79.2+2.6 83.4%17 83.1+2.1 0.519
Trunk extension (°) 20.0+1.6 30.0%1.2 30.3%1.2 0.593
Average trunk lateral flexion(") 33.4%13 33.4%15 34.4%13 0.823

D: dominant, ND: non-dominant; *: p<0.05; ab. gifference among groups with different exponential letters; PF: plantar flexion, DF: dorsiflexion.

Table 3. Participants' lower extremity Y-balance test results

Parameter Group yop(N=19) Grouppg,gic(n=19) Group Lig(n=18) P
Dominant side
YBT-Anterior 72.3t2.6 70.0£3.4 79.9%4.3 0.116
YBT-Posteromedial 115.3+3.7 118.7+3.9 113.64.6 0.846
YBT-Posterolateral 109.1+3.3 110.8+2.7 107.7¢2.9 0.985
YBT-Total 108.8+2.8 108.3t3.3 108.1+3.8 0.851
Non-dominant side
YBT-Anterior 72.2+2.8 71.2+3.8 79.824.0 0.150
YBT-Posteromedial 114.7+3.5 118.4t4.1 114.94.2 0.907
YBT-Posterolateral 110.6+3.0 109.2+2.6 109.7+3.5 0.924
YBT-Total 109.2+2.8 108137 100.2+3.8 0.964

YBT: Y-balance test

Table 4. Crossover hop test and LESS results of participants

Parameter Group yon(N=19) Grouppg,gic(n=19) Group Lig(n=18) P
Dominant

Crossover hop-distance (cm) 565.5t42.2 657.0+31.1 582.8+46.1 0.207
Crossover hop-time (s) 2.42+0.10 2.44+0.08 2.51:0.14 0.722
Crossover hop-velocity (m/s) 2.41+0.21 2.71+0.12 2.36+0.17 0.260
Non-dominant

Crossover hop-distance (cm) 552.3t41.4 646.1+37.4 571.8%43.7 0.246
Crossover hop-time (s) 2.57+0.08 2.25t0.08 2.49%0.14 0.050
Crossover hop-velocity (m/s) 222+0.210 2.86:0.132 2.30:0.14 " 0.014"
LESS score 4.21+0.46 4.26+0.58 3.04+0.42 0.833

" p<0.05 level ab. gifference among groups with different exponential letters.

ce reached in both CHTSs (r=-0.52, p=0.027; 1=-0.51, p=0.032,
respectively). In the same group, LESS scores were highly

It was observed that the LESS score value in Group pjg was
highly negatively correlated with the posteromedial value

of the dominant YBTL (r=-0.68, p=0.002). In the same gro-
up, it was displayed that the LESS score was highly negati-
vely correlated with the posteromedial value of the non-do-
minant YBTL (r=-0.65, p=0.004), and moderately negatively
correlated with the posterolateral (r=-0.51, p=0.030) and to-
tal scores (r=-0.52, p=0.029). It was observed that the LESS
score was moderately negatively correlated with the distan-

positively correlated with the Q angle of both knees (r=0.64,
P=0.004; 1=0.64, p=0.004, respectively). In the same group,
it was determined that LESS score was moderately positi-
velycorrelated with dominant ankle eversion (r=0.51,
p=0.033), dominant and non-dominant hip abduction
(r=0.59, p=0.010; =0.49, p=0.039, respectively) and trunk
extension (r=0.48, p=0.045). Dominant ankle dorsiflexion
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was negatively correlated with the LESS score (r=-0.65,
p=0.003) at a high level.

DISCUSSION

The main aim in the current study was to investigate the ef-
fect of knee braces on different parameters that have been
shown to affect the risk of lower extremity injury in profes-
sional athletes (7-10). In this context, no difference was de-
tected between the groups whose descriptive information
was homogeneous, except for the velocity value in the CHT
of the non-dominant extremity in Groupggsic- On the other
hand, according to the predictive values in Padua et al.'s
original article (10), it was observed that the parameters as-
sociated with the LESS score were classified as ‘excellent’ in
landing when using a knee brace (Group 1) that provides
knee stabilization.

It has been emphasized in the literature that descriptive
measurements such as lower extremity length, knee Q ang-
le and lower extremity joint range of motion should be
made in order to interpret the functional measurement pa-
rameters of the lower extremity properly (10-12). As a result
of the goniometric measurements made in the current
study, there was no significant difference between the gro-
ups in lower extremity length, knee Q angle and lower ext-
remity range of motion, except that the dominant and non-
dominant hip extension was lower in Group yq, compared
with the other two groups. It has been reported that statisti-
cally significant or insignificant differences were observed
in different hip joint range of motion measurements in elite
hockey players (15). For these reasons, it is considered that
this difference in Group yop, did not have a significant effect
on the parameters measured.

In Brunner et al.’s review (8), 33 injury prevention prog-
rams applied in the prevention of lower extremity injuries
were evaluated. Some of these programs focus on all lower
extremity injuries, some on groin injuries only, some on
knee injuries only, some on ACL injuries only, and some on
ankle injuries only. Despite this diversity, balance training
was a component of the program in 29 of the 33 programs
examined. When this study and other studies in the litera-
ture are examined, there is absolute consensus on the im-
portance of balance in the prevention of sports injuries
(8,9,16). In the current study, the YBTL was used to investi-
gate whether the use of knee braces affects balance. As a
result of our evaluation, it was observed that the use of
knee braces did not make a difference in the results of the
YBTL.

However, in Grupy;g, which uses a knee brace that provides

better knee stability, dominant and non-dominant Y Balan-
ce-Anterior scores increased, although it was not statisti-

cally significant. In a study by Baltaci et al., the effects of
using five different prophylactic knee braces on performan-
ce were examined, and it was reported that the hinged ‘H’
buttress knee brace was more effective in the YBTL compa-
red with other knee braces (17). We think that the difference
between the study evaluating the effects of different knee
braces on balance and our current study is due to study
methodology, the structure and model differences of the
knee braces used. In another study by Ochi et al., the ba-
lance of participants was evaluated with a device (Biodex
Balance System), and it was shown that four different knee
braces did not have an effect on balance in parallel with
our study (18). In the light of current study and other studi-
es in the literature, no effect of knee brace use on balance
parameter is observed.

CHT is one of the functional tests used to evaluate lower
extremity functionality, return to sports after injury, and
predict re-injury (7). As a result of our study, it was determi-
ned that Grouppggsjc was faster than the other groups in the
velocity parameter of the non-dominant extremity CHT
(p=0.014). In a study by Mortaza et al. examining the effect
of three different knee braces on performance parameters,
it was shown that there was no statistically significant dif-
ferences in the use of knee braces on CHT and other evalu-
ated parameters, in parallel with our study (19). In another
study by Mortaza et al., the effects of knee brace use on in-
dividuals with ACL insufficiency were investigated, and the
results were in line with their previous studies (20). Sole et
al., examining the chronic effect of knee brace use, could
not describe an effect of 6-wk knee brace use on CHT (21).
Contrary to these studies, Peebles et al. revealed that the
use of knee braces in individuals who had ACL surgery inc-
reased the CHT jump distance symmetry over time (22). In
this study, similar results were obtained in different groups
and with different knee braces, supporting the results in
the literature, and it was concluded that the use of knee
braces in healthy individuals does not make a difference in
terms of CHT results.

LESS is a motion analysis method developed by Padua et
al. in order to detect and prevent risk factors for ACL injury,
especially (10). Therefore, in the present study, this scoring
system was used to examine the effect of knee brace use on
the biomechanics of landing after jumping. Padua et al. de-
fined the effect limit of error score on risk as <4 excellent, 4-
5 good, 5-6 moderate, and >6 poor landing (10). As a result
of our analysis, although there were no statistically signifi-
cant differences in the error scores between the groups, the
fact that the average score of the Group ;g was 3.94 disp-
lays that the LESS score average of those using ligament-
supported knee braces is in the excellent category, accor—-
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ding to the risk effect limit developed by Padua et al. As far
as we can review the literature, there are no studies on the
effect of LESS on knee brace use.

On the other hand, according to the correlation analysis,
there are different parameters such as range of motion,
knee Q angle, functional test results, which correlate with
the LESS score during the use of the knee brace. Since the
knee joint will remain relatively stable during knee brace
use, it is a natural result that the kinetic chain mechanism
and hip, ankle and even trunk range of motion values are
correlated with the LESS score, when the LESS scoring cri-
teria are examined. In this context, while preferring knee
brace types that provide knee stability more effectively, we
think that it is important to know the descriptive characte-
ristics of the lower extremities of healthy athletes, and to
choose knee brace types by considering the anthropometric
characteristics of the individuals.

The limitations of our study include the fact that it was con-
ducted on professional athletes in only two sports, that ath-
letes in a similar age group were included in the study, that
recreational athletes were not evaluated, and that the study
was not designed as crossover randomization.

CONCLUSION

In the light of current study, it is observed that the use of
prophylactic knee brace does not have a negative effect on
performance. On the other hand, various personal charac-
teristics of individuals should be considered in the selecti-
on of knee brace type. For example, according to the corre-
lation results, in order to reduce the LESS score, someone
with low hip flexion should use a basic knee brace, while
someone with low hip abduction should use a ligament-
supported knee brace. Especially during the use of knee
brace types with effective knee stabilization, the biomecha-
nics of landing after jumping can be related to many
factors.

Acknowledgments

We thank Dr. Ayhan Canbulut, Dr. Furkan Hasan Kiiciik, Arden Medical,
and all the participants who contributed to the study.

Ethics Committee Approval / Etik Komite Onayi

The study was approved by the Siileyman Demirel University Clinical Re-
search Ethics Board of Medical Faculty's decision no. 192, dated
23/07/2020.

Conflict of Interest / Cikar Catismasi

The authors declared no conflicts of interest with respect to authorship
and/or publication of the article.

Financial Disclosure / Finansal Destek

The authors received no financial support for the research and/or publi-
cation of this article.

Knee brace use in athletes

Author Contributions / Yazar Katkilari

Concept: SE, CC; design: SE, CC; materials: SE, CC; data collection and
processing: EA, HTA, GK, ASU; analysis and interpretation: ASU, SE; lite-
rature review: SE, EA, HTA, GK, ASU; writing manuscript: EA, HTA, GK;
critical reviews: SE, CC.

REFERENCES

1. Emery CA, Pasanen K. Current trends in sport injury prevention. Best Pract Res Clin
Rheumatol. 2019;33(1):3-15.

2. Emery CA, Tyreman H. Sport participation, sport injury, risk factors and sport safety practices in
Calgary and area junior high schools. Paediatr Child Health. 2009;14(7):439-44.

3. Eggerding V, Reijman M, Meuffels DE, van Es E, van Arkel E, van den Brand |, et al. ACL reconst-
ruction for all is not cost-effective after acute ACL rupture. Br J Sports Med. 2022;56(1):
24-8.

4. Finch CF, Kemp JL, Clapperton A). The incidence and burden of hospital-treated sports-related
injury in people aged 15+ years in Victoria, Australia, 2004-2010: a future epidemic of osteo-
arthritis? Osteoarthritis Cartilage. 2015,23(7):1138-43.

5. Halabchi F, Hassabi M. Acute ankle sprain in athletes: clinical aspects and algorithmic approach.
World ] Orthop.2020;11(12):534-58.

6. Van Gent RN, Siem D, van Middelkoop M, van Os AG, Bierma-Zeinstra SMA, Koes BW. Inciden-
ce and determinants of lower extremity running injuries in long distance runners: a systematic
review. Br J Sports Med. 2007:41(8):469-80.

7. Davies WT, Myer GD, Read P). Is it time we better understood the tests we are using for return
to sport decision making following ACL reconstruction? A critical review of the hop tests.
Sports Med. 2020,50(3):485-95.

8. Brunner R, Friesenbichler B, Casartelli NC, Bizzini M, Maffiuletti NA, Niedermann K. Effective-
ness of multicomponent lower extremity injury prevention programmes in team-sport athletes:
an umbrella review. Br J Sports Med. 2019;53(5):282-8.

9. Verschueren ), Tassignon B, Pluym B, Van Cutsem J, Verhagen E, Meeusen R. Bringing context
to balance: development of a reactive balance test within the injury prevention and return to
sport domain. Arch Physiother. 2019,9(1):1-8.

10.  Padua DA, Marshall SW, Boling MC, Thigpen CA, Garrett Jr WE, Beutler Al. The Landing Error
Scoring System (LESS) is a valid and reliable clinical assessment tool of jump-landing biomec-
hanics: the JUMP-ACL study. Am J Sports Med. 2009;37(10):1996-2002.

11, Kivlan BR, Carcia CR, Christoforetti JJ, Martin RRL. Comparison of range of motion, strength, and
hop test performance of dancers with and without a clinical diagnosis of femoroacetabular im-
pingement. Int ] Sports Phys Ther. 2016;11(4):527-35.

12, Overmoyer GV, Reiser ond gr. Relationships between lower-extremity flexibility, asymmetries,
and the Y balance test. J Strength Cond Res. 2015:29(5):1240-7.

13. ErcanS, Arslan E, Cetin C, Baskurt F, Baskurt Z, Baser Kolcu M, et al. Turkish adaptation study
of the Landing Error Scoring System. Kocaeli Med J. 2021,10(2):174-8.

14, OBul A Ercan S, Cetin C, Canbulut A, Ergan M, Acar HT, et al. The effect of biofeedback exerci-
ses for the quadriceps muscle on the muscle strength, balance, and proprioception. Med del-
o Sport. 2022;75(1):29-44.

15. Cejudo A, Moreno-Alcaraz V), 1zzo R, Santonja-Medina F, Sainz de Baranda P. External and total
hip rotation ranges of motion predispose to low back pain in elite Spanish inline hockey players.
Int ] Environ Res Public Health. 2020;17(13):4858.

16. Hrysomallis C. Relationship between balance ability, training and sports injury risk. Sports
Med. 2007;37(6):547-56.

17.  Baltaci G, Aktas G, Camci E, Oksuz S, Yildiz S, Kalaycioglu T. The effect of prophylactic knee bra-
cing on performance: balance, proprioception, coordination, and muscular power. Knee Surg
Sports Traumatol Arthrosc. 2011;19(10):1722-8.

18. Ochi A, Ohko H, Ota S, Shimoichi N, Takemoto T, Mitsuke K. Custom-made hinged knee braces
with extension support can improve dynamic balance. J Exerc Sci Fit 2018;16(3):94-8.

19. Mortaza N, Ebrahimi |, Jamshidi AA, Abdollah V, Kamali M, Wan Abas WAB, et al. The effects of
a prophylactic knee brace and two neoprene knee sleeves on the performance of healthy athle-
tes: a crossover randomized controlled trial. PLoS One. 2012;7(11):¢50110.

20. Mortaza N, Abu Osman NA, Jamshidi AA, Razjouyan . Influence of functional knee bracing on
the isokinetic and functional tests of anterior cruciate ligament deficient patients. PLoS One.
2013;8(5):264308.

21, Sole G, Lamb P, Pataky T, Klima S, Navarre P, Hammer N. Immediate and 6-week effects of we-
aring a knee sleeve following anterior cruciate ligament reconstruction: a cross-over laboratory
and randomised clinical trial. BMC Musculoskeletal Disord. 2021;22(1):655.

22. Peebles AT, Miller TK, Moskal JT, Queen RM. Hop testing symmetry improves with time and
while wearing a functional knee brace in anterior cruciate ligament reconstructed athletes.
Clin Biomech (Bristol, Avon). 2019;70:66-71.

111



