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The effects of knee brace use on land�ng error, balance, and crossover hop test �n healthy
athletes

Sağlıklı sporcularda d�zl�k kullanımının sıçramadan sonra yere �n�ş hatasına, dengeye ve
hoplama test�ne etk�s�
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Sports Med�c�ne Department, Faculty of Med�c�ne, Süleyman Dem�rel Un�vers�ty, Isparta, Türk�ye

ABSTRACT

Object�ve: 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
(GroupNon), those who used simple knee braces (GroupBas�c) and those who used ligament-supported knee braces (GroupL�g). 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 (GroupNon, n=19; GroupBas�c, n=19; GroupL�g, 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 GroupNon
(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 GroupBas�c. 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).
Conclus�on: 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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ÖZ

Amaç: Bu çalışmada; sağlıklı sporcularda dizlik kullanımının sıçramadan sonra yere iniş hatasına, dengeye ve çapraz hoplama testi sonuçlarına etkisini
incelemek amaçlandı.
Gereç ve Yöntem: Gönüllü sağlıklı sporcuların tanımlayıcı bilgileri kaydedilip alt ekstremite eklem hareket açıklıkları ve diz Q açısı ölçümleri yapıldıktan
sonra katılımcılar rastgele gruplandı. Araştırma sırasında dizlik kullanmayan (GrupNon), basit dizlik kullanan (GrupBas�c) ve ligament destekli dizlik kulla‐
nan (GrupL�g) olacak şekilde randomizasyon gerçekleştirildi. Katılımcılara Y denge testi, çapraz hoplama testi ve sıçramadan sonra yere iniş hatası pu‐
anlaması uygulandı.
Bulgular: Çalışmaya 56 profesyonel sporcu (GrupNon, n=19; GrupBas�c, n=19; GrupL�g, n=18) katıldı. Katılımcıların özellikleri farklı değildi (p>0.05).
GrupNon’in diğer iki gruba kıyasla kalça ekstansiyonu eklem hareket açıklığı ölçüm değerleri (p˂0.05) düşüktü; diğer alt ekstremite verilerinde fark yoktu
(p>0.05). GrupBas�c’in diğer iki gruba kıyasla non-dominant ekstremiteye uygulanan çapraz hoplama testinin sadece hız değerinde (p=0.014) anlamlı
bir yükseklik gözlendi. Diğer parametrelerde anlamlı fark bulunmadı (p>0.05). Grup içi korrelasyon analizleri sonucunda sıçramadan sonra yere iniş so‐
nuçları ile çeşitli biyomekanik özellikler arasında dizlik seçimine göre farklı düzeylerde ilişki belirlendi (p˂0.05).
Sonuç: Sağlıklı sporcularda kullanılacak dizliklerin sporcunun biyomekanik yönden tanımlayıcı özellikleri dikkate alınarak seçilmesi uygun olacaktır.

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

INTRODUCTION
Pract�c�ng sports �s recommended for the protect�on and
promot�on of l�felong mental and phys�cal health for every-
body. However, sports �njur�es stand out as a major problem
that ar�ses depend�ng on the sports d�sc�pl�ne (1). The rate

of part�c�pat�on �n sports �n young and adult age groups �s
h�gher than �n other age groups, and the most common ca-
use of trauma �n young age groups �s sports (2).
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Sports �njur�es are costly due to the athlete's med�cal care
needs and absence from sports, and �t �s a d���cult process
for the athlete, both phys�cally and psycholog�cally (3). Re-
gard�ng the d���culty of the treatment process a�er sports
�njury, �t �s much more econom�cal and easy to prevent �n-
jur�es to athletes (4). The h�gh cost, phys�cal and psycholo-
g�cal d���cult�es of sports �njur�es emphas�ze the prevent�on
of sports �njur�es and the necess�ty of d��erent pract�ces �n
th�s regard, based on ev�dence (3,4).

Var�ous �njury prevent�on programs have been developed
by sports profess�onals to protect aga�nst sports �njur�es. It
�s stressed that the most su�table �njury prevent�on program
�s the one that �s eas�est to �mplement and ma�nta�n by the
athlete and the coach. Another method used to prevent
sports �njur�es �s protect�ve equ�pment usage by the athle-
tes dur�ng tra�n�ng or compet�t�on. In th�s respect, the use
of helmets, mouth guards, and tapes or braces for d��erent
body parts �s frequent among athletes �n d��erent sports
d�sc�pl�nes (1).

As a result of the develop�ng orthot�c technology, the ad-
vance �n the qual�ty of orthoses’ mater�al, and the �ncrease
�n the number of stud�es on orthoses’ b�omechan�cs, ortho-
ses usage frequency �n athletes �s �ncreas�ng (1). Ankle bra-
ces used to prevent ankle �nstab�l�ty, lumbar supports used
for low back health, and knee braces used to prevent knee
�njur�es are examples of commonly used orthoses (5).

Cons�der�ng all sports �njur�es, �t has been reported that the
most common �njury concerns lower extrem�t�es, and knee
�njur�es are the f�rst among them (6). For th�s reason, knee
braces are one of the most frequently used orthoses by ath-
letes to protect them from sports �njur�es (1). It �s note-
worthy that the use of knee braces as protect�ve equ�pment
�s espec�ally used by athletes compet�ng �n sports that �nc-
lude jump�ng, cutt�ng and p�vot movements (7). For th�s re-
ason, �t �s of great �mportance to exam�ne the e�ects of
knee brace use on sports performance and cond�t�ons that
pred�spose to lower extrem�ty �njur�es.

When the l�terature �s exam�ned, there �s absolute consen-
sus on the �mportance of balance �n prevent�ng sports �nju-
r�es (8,9). Therefore, Y balance test of lower extrem�ty
(YBTL) was used �n the study to �nvest�gate whether the use
of knee braces a�ects balance. On the other hand, CHT �s
one of the funct�onal tests used to evaluate lower extrem�ty
funct�onal�ty, pred�ct post-�njury return to sports, and re-
�njury (7). Land�ng Error Scor�ng System (LESS) �s a move-
ment analys�s method (10) developed to detect and prevent

r�sk factors of anter�or cruc�ate l�gament �njury. For these
reasons, ex�st�ng tests were preferred as funct�onal tests.

It has been emphas�zed �n the l�terature that descr�pt�ve
measurements such as lower extrem�ty length, knee Q ang-
le and lower extrem�ty jo�nt range of mot�on should be
made �n order to �nterpret funct�onal measurement parame-
ters of the lower extrem�ty properly (10-12). For th�s reason,
these measurements were made at the beg�nn�ng of the
study to obta�n lower extrem�ty status �nformat�on. The a�m
of the present study �s to observe the e�ect of the use of a
s�mple and l�gament-supported knee brace on LESS (13),
YBTL and CHT results (7).

MATERIAL and METHODS
The sample of the study cons�sted of healthy athletes who
appl�ed to our cl�n�c to part�c�pate �n sports or to rece�ve a
general health exam�nat�on.

Inclus�on-Exclus�on Cr�ter�a

Part�c�pants who were profess�onal athletes between the
ages of 18-30, and had a normal lower extrem�ty musculos-
keletal system exam�nat�on, had no musculoskeletal �njur�-
es that would preclude them from perform�ng the funct�-
onal test, were �ncluded �n the study. Those who had a d�se-
ase that prevented them from do�ng sports, lower extrem�ty
�njury �n the last s�x months, a h�story of lower extrem�ty
fracture or surgery were excluded from the study.

Study Des�gn

The study was approved by the Süleyman Dem�rel Un�ver-
s�ty Cl�n�cal Research Eth�cs Board of Med�cal Faculty
(Date: 23/7/2020, No. 192). All of the athletes who d�d not
have any health problems were �nformed about the purpose
of the research. Descr�pt�ve data were recorded by a rese-
archer a�er tak�ng verbal and wr�tten consent of the athle-
tes who conformed to the �nclus�on cr�ter�a, and agreed to
part�c�pate voluntar�ly �n the study. A�er measur�ng the
range of mot�on of the lower extrem�ty and the Q angle of
the knee, the part�c�pants were random�zed and d�v�ded
�nto three groups as: GroupNon: part�c�pants who d�d not
wear any knee braces dur�ng the study; GroupBas�c: part�c�-
pants who wore a closed patella neoprene knee brace (Ge-
nucare Bas�c, Orthocare, Ankara/Türk�ye) on both knees
dur�ng the study (F�gure 1); Group L�g:part�c�pants who
wore a neoprene knee brace, wh�ch was a knee support
w�th patella pad and spr�ng r�bs (Genucare A�r-X L�gament,
Orthocare, Ankara, Türk�ye) on both knees, dur�ng the
study (F�gure 2).
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F�gure 1.  Closed patella neoprene
knee brace

Before funct�onal tests were performed, part�c�pants were
allowed a 5-m�n warm-up exerc�se and a 3-m�n lower extre-
m�ty stretch�ng exerc�se. Ex�st�ng warm-up and stretch�ng
exerc�ses were carr�ed out w�thout adher�ng to any proto-
col, �n order to protect the athlete from any �njur�es. A�er-
wards, YBTL, CHT, and LESS were appl�ed to all part�c�-
pants. A�er the tests were demonstrated to the part�c�-
pants, and were allowed three tr�als, they were started.

Y Balance Test of Lower Extrem�ty (YBTL)

The YBTL was used to measure lower extrem�ty balance of
the athletes (14). Dur�ng the test, the part�c�pant was asked
to stand mot�onless w�th h�s/her hands on h�s/her wa�st, on
h�s/her r�ght and le� lower extrem�t�es separately, and to
extend h�s/her other foot 135° posteromed�ally and 135°
posterolaterally, and as far forward as he/she could. In or-
der for the �nd�v�dual to understand the test, he/she was
made to warm up for s�x t�mes �n three d�rect�ons. The test
was performed three t�mes �n each d�rect�on and the h�g-
hest value was recorded �n cm. The follow�ng formula was
used to determ�ne the d��erence between the f�rst and last
measurement total scores: (Anter�or + Posteromed�al + Pos-
terolateral) / (3 x lower l�mb length) x100. Wh�le perform�ng
the tests, care was taken not to take the sole of the foot o�

the ground, not to take support from any object, and ensure
that the part�c�pant could return to the start�ng po�nt. Me-
asurements �n wh�ch 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 l�nes 15 cm apart were used. Part�-
c�pants began the test on one foot on the outs�de of the l�ne
on the same s�de of the leg to be tested. A�er that, the part�-
c�pants z�gzagged on one leg to fall on the outs�de of the l�-
nes, and kept the�r balance forward, mak�ng three consecu-
t�ve jumps. The part�c�pant was �nstructed to balance on
the jump leg for two seconds a�er three consecut�ve jumps.
The part�c�pant's t�me to complete the test and total d�stan-
ce were recorded. All measurements were made separately
for the dom�nant and non-dom�nant s�de (7).

F�gure 2.  Neoprene knee brace w�th
patella pad and spr�ng r�bs

Land�ng Error Scor�ng System (LESS)

Land�ng error a�er jump�ng was evaluated w�th the scor�ng
system whose Turk�sh val�d�ty and rel�ab�l�ty was prov�ded
by Ercan et al. Part�c�pants were subjected to a jump test. A
wooden box w�th a he�ght of 30 cm and a non-sl�ppery �oor
was prepared for the jump. Part�c�pants followed the jum-
p�ng protocol wear�ng rubber sneakers and shorts. A jum-
p�ng mat was placed for each subject at a d�stance half the
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Table 1. Descr�pt�ve data of part�c�pants
Parameter Group Non (n=19) Group Bas�c (n=19) Group L�g (n=18) p
Gender (female/male) 9 (%47)/10 (%53) 9 (%47)/10 (%53) 10 (%56)/8 (%44) 0.891
Age (yr) 20.3±0.5 21.1±0.6 22.1±0.9 0.430
He�ght (cm) 176.8±1.9 178.8±1.3 180.1±1.6 0.155
Body we�ght (kg) 67.3±3.1 69.8±2.2 70.5±2.1 0.539
Body Mass Index (kg/m2) 21.4±0.7 21.8±0.6 21.7±0.4 0.940
Cont�nu�ty �n sports (yr) 8.9±0.9 10.5±0.8 10.7±1.0 0.511
Tra�n�ng t�me (hr/wk) 11.5±0.6 13.8±1.3 12.2±1.5 0.503

subject's he�ght from the box. The jump was shown �nd�v�-
dually by the researchers. Subjects were allowed to exper�-
ment. No commands were g�ven dur�ng the appl�cat�on,
and part�c�pants were allowed to make free land�ngs and
rebound jumps. The land�ng protocol was repeated three
consecut�ve t�mes. Cameras were placed oppos�te the part�-
c�pant and on the dom�nant extrem�ty s�de. The d�stance of
the cameras from the jump�ng mat was set at 345 cm, and
the d�stance of the camera lens from the ground was set at
122 cm. A smartphone (LG G3 D855 model, 16/32 GB �nternal
memory, 13 MP camera resolut�on, V21a-AME-XX) was used
for v�deo record�ng. The recorded v�deos were scored w�th
the help of the K�novea v.0.8.15 (Free so�ware under GPL v2
l�cense, https://www.k�novea.org) programme (13).

Stat�st�cal Analys�s

Sample s�ze was calculated tak�ng �nto account the p�lot
data of the study. Cons�der�ng the Type I error as 0.05 and
the Type II error as 0.20, �t was calculated that there should
be at least 17 athletes �n each group. One-way ANOVA test
was used �n the post hoc power analys�s us�ng the G*Power
3.1.9.7 package program, w�th the CHT veloc�ty data obta-
�ned from the CHT. Accord�ng to the power analys�s, the po-
wer (1-β) value at alpha 0.05 level was calculated as 0.85.
SPSS v23 package program was used �n data analys�s. The
conform�ty of quant�tat�ve data to normal d�str�but�on was
determ�ned by the Shap�ro-W�lk test. A�er analyz�ng the
descr�pt�ve data of the groups, d��erences between groups

were tested. D��erences between categor�cal var�ables were
evaluated w�th the Ch�-Square test w�th Monte Carlo correc-
t�on, and the d��erences between quant�tat�ve var�ables
were evaluated w�th the Kruskal-Wall�s test. Spearman cor-
relat�on analys�s was used accord�ngly. Data are presented
as frequency (n), rate (%), and mean ± standard error. The
p<0.05 level was cons�dered s�gn�f�cant. The rho value was
�nterpreted as: <0.2 very low correlat�on, 0.2-0.4 low corre-
lat�on, 0.4-0.6 moderate correlat�on, 0.6-0.8 h�gh correlat�-
on, and >0.8 very h�gh correlat�on.

RESULTS
The study �ncluded 56 healthy profess�onal athletes. Athle-
tes were random�zed and d�v�ded �nto three groups (Group
Non, n=19; GroupBas�c, n=19; Group L�g, n=18) accord�ng to
the use of knee braces. Wh�le there were 9 (47%) football
players and 10 (53%) volleyball players �n Group Non, there
were 9 (47%) football players, and 10 (53%) volleyball pla-
yers �n GroupBas�c, and 7 (39%) football players and 11
(61%) volleyball players �n Group L�g. The sports d�sc�pl�ne
d�str�but�ons of the athletes �n our study were s�m�lar accor-
d�ng to groups (p=0.743). The r�ght s�de dom�nant part�c�-
pants were 17 (89%) �n Group Non, 15 (79%) �n GroupBas�c,
and 15 (83%) �n Group L�g (p=0.741). There were no s�gn�f�-
cant d��erences between the groups �n other descr�pt�ve
data of the part�c�pants (p>0.05), (Table 1).

Part�c�pants' lower extrem�ty length, knee Q angle, and
trunk, h�p, knee, ankle range of mot�on measurements
were evaluated separately for the dom�nant and non-dom�-
nant s�de. There were no s�gn�f�cant d��erences between
the descr�pt�ve data of the lower extrem�t�es of the athletes
�ncluded �n the study (p>0.05); however, the range of mo-
t�on values �n the extens�on d�rect�on of the h�p jo�nt d��e-
red between GroupBas�c and the other groups (p˂0.05),
(Table 2).

The YBTL test results of the part�c�pants d�d not reveal a
s�gn�f�cant d��erence (p>0.05), (Table 3). A s�gn�f�cant d��e-
rence was found between Group Bas�c and other groups for

the non-dom�nant s�de �n the CHT veloc�ty of the part�c�-
pants (p=0.014). There was no s�gn�f�cant d��erence betwe-
en the groups �n the LESS score (p>0.05), (Table 4).

Correlat�on analys�s was performed to exam�ne the factors
assoc�ated w�th the part�c�pants' LESS score. LESS score �n
Group Non revealed only moderate negat�ve correlat�on w�th
weekly tra�n�ng t�me (r=-0.49, p=0.032). LESS score was fo-
und to be moderately pos�t�vely correlated w�th dom�nant
and non-dom�nant extrem�ty ankle evers�on (r=0.62,
p=0.005; r=0.53, p=0.019, respect�vely), and moderately po-
s�t�vely correlated w�th non-dom�nant extrem�ty h�p �ex�on
(r=0.48, p=0.037) �n GroupBas�c.
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Table 2. Descr�pt�ve data of part�c�pants' lower extrem�t�es
    Group Non(n=19) GroupBas�c(n=19) Group L�g(n=18) p
Lower l�mb length (cm) D 91.0±1.1 92.3±0.7 93.2±1.0 0.408
  ND 90.9±1.1 92.3±0.6 93.2±1.0 0.354
Knee Q angle (°) D 10.7±0.5 11.6±0.9 11.9±0.8 0.698
  ND 10.6±0.5 11.6±0.9 11.8±0.8 0.622
Ankle PF (°) D 42.6±1.5 45.5±0.9 46.7±1.0 0.116
  ND 43.2±1.2 45.3±0.8 46.1±0.9 0.198
Ankle DF (°) D 20.3±0.9 23.2±0.9 23.3±1.0 0.081
  ND 20.5±0.9 22.6±0.6 22.4±0.9 0.237
Ankle �nvers�on (°) D 29.7±1.1 30.3±1.2 30.0±1.1 0.897
  ND 30.3±1.1 30.3±1.3 30.6±1.1 0.980
Ankle evers�on (°) 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 �ex�on (°) D 143.7±1.5 146.6±0.9 146.1±1.0 0.355
  ND 143.4±1.6 146.3±0.9 146.4±1.1 0.346
Knee extens�on (°) D 0±0 0±0 0±0 1.000
  ND 0±0 0±0 0±0 1.000
H�p �ex�on (°) 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
H�p extens�on (°) D 21.6±1.7a 26.8±0.9b 26.4±1.1b 0.024*
  ND 21.8±1.6a 26.6±0.9b 26.7±1.0b 0.034*
H�p abduct�on (°) D 41.6±1.3 42.4±1.1 41.9±1.6 0.917
  ND 41.1±1.7 41.3±1.4 41.1±1.9 0.972
H�p adduct�on (°) D 29.7±0.7 29.7±1.0 27.5±1.1 0.167
  ND 29.7±0.7 29.0±1.1 27.8±1.1 0.361
Trunk �ex�on (°)   79.2±2.6 83.4±1.7 83.1±2.1 0.519
Trunk extens�on (°)   29.0±1.6 30.0±1.2 30.3±1.2 0.593
Average trunk lateral �ex�on(°)   33.4±1.3 33.4±1.5 34.4±1.3 0.823
D: dom�nant, ND: non-dom�nant; *: p<0.05; a,b: d��erence among groups w�th d��erent exponent�al letters; PF: plantar �ex�on, DF: dors��ex�on.

Table 3. Part�c�pants' lower extrem�ty Y-balance test results
Parameter Group Non(n=19) GroupBas�c(n=19) Group L�g(n=18) p
Dom�nant s�de        
               YBT-Anter�or 72.3±2.6 70.0±3.4 79.9±4.3 0.116
               YBT-Posteromed�al 115.3±3.7 118.7±3.9 113.6±4.6 0.846
               YBT-Posterolateral 109.1±3.3 110.8±2.7 107.7±2.9 0.985
               YBT-Total 108.8±2.8 108.3±3.3 108.1±3.8 0.851
Non-dom�nant s�de        
               YBT-Anter�or 72.2±2.8 71.2±3.8 79.8±4.0 0.150
               YBT-Posteromed�al 114.7±3.5 118.4±4.1 114.9±4.2 0.907
               YBT-Posterolateral 110.6±3.0 109.2±2.6 109.7±3.5 0.924
               YBT-Total 109.2±2.8 108.1±3.7 109.2±3.8 0.964
YBT: Y-balance test

Table 4. Crossover hop test and LESS results of part�c�pants
Parameter Group Non(n=19) GroupBas�c(n=19) Group L�g(n=18) p
Dom�nant        
Crossover hop-d�stance (cm) 565.5±42.2 657.0±31.1 582.8±46.1 0.207
Crossover hop-t�me (s) 2.42±0.10 2.44±0.08 2.51±0.14 0.722
Crossover hop-veloc�ty (m/s) 2.41±0.21 2.71±0.12 2.36±0.17 0.260
Non-dom�nant        
Crossover hop-d�stance (cm) 552.3±41.4 646.1±37.4 571.8±43.7 0.246
Crossover hop-t�me (s) 2.57±0.08 2.25±0.08 2.49±0.14 0.050
Crossover hop-veloc�ty (m/s) 2.22±0.21 b 2.86±0.13 a 2.30±0.14 b 0.014*
LESS score 4.21±0.46 4.26±0.58 3.94±0.42 0.833
*: p<0.05 level; a,b: d��erence among groups w�th d��erent exponent�al letters.

It was observed that the LESS score value �n Group L�g was
h�ghly negat�vely correlated w�th the posteromed�al value
of the dom�nant YBTL (r=-0.68, p=0.002). In the same gro-
up, �t was d�splayed that the LESS score was h�ghly negat�-
vely correlated w�th the posteromed�al value of the non-do-
m�nant YBTL (r=-0.65, p=0.004), and moderately negat�vely
correlated w�th 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 negat�vely correlated w�th the d�stan-

ce reached �n both CHTs (r=-0.52, p=0.027; r=-0.51, p=0.032,
respect�vely). In the same group, LESS scores were h�ghly
pos�t�vely correlated w�th the Q angle of both knees (r=0.64,
p=0.004; r=0.64, p=0.004, respect�vely). In the same group,
�t was determ�ned that LESS score was moderately pos�t�-
velycorrelated w�th dom�nant ankle evers�on (r=0.51,
p=0.033), dom�nant and non-dom�nant h�p abduct�on
(r=0.59, p=0.010; r=0.49, p=0.039, respect�vely) and trunk
extens�on (r=0.48, p=0.045). Dom�nant ankle dors��ex�on
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was negat�vely correlated w�th the LESS score (r=-0.65,
p=0.003) at a h�gh level.

DISCUSSION
The ma�n a�m �n the current study was to �nvest�gate the ef-
fect of knee braces on d��erent parameters that have been
shown to a�ect the r�sk of lower extrem�ty �njury �n profes-
s�onal athletes (7-10). In th�s context, no d��erence was de-
tected between the groups whose descr�pt�ve �nformat�on
was homogeneous, except for the veloc�ty value �n the CHT
of the non-dom�nant extrem�ty �n GroupBas�c. On the other
hand, accord�ng to the pred�ct�ve values �n Padua et al.'s
or�g�nal art�cle (10), �t was observed that the parameters as-
soc�ated w�th the LESS score were class�f�ed as ‘excellent’ �n
land�ng when us�ng a knee brace (Group L�g) that prov�des
knee stab�l�zat�on.

It has been emphas�zed �n the l�terature that descr�pt�ve
measurements such as lower extrem�ty length, knee Q ang-
le and lower extrem�ty jo�nt range of mot�on should be
made �n order to �nterpret the funct�onal measurement pa-
rameters of the lower extrem�ty properly (10-12). As a result
of the gon�ometr�c measurements made �n the current
study, there was no s�gn�f�cant d��erence between the gro-
ups �n lower extrem�ty length, knee Q angle and lower ext-
rem�ty range of mot�on, except that the dom�nant and non-
dom�nant h�p extens�on was lower �n Group Non compared
w�th the other two groups. It has been reported that stat�st�-
cally s�gn�f�cant or �ns�gn�f�cant d��erences were observed
�n d��erent h�p jo�nt range of mot�on measurements �n el�te
hockey players (15). For these reasons, �t �s cons�dered that
th�s d��erence �n Group Non d�d not have a s�gn�f�cant e�ect
on the parameters measured.

In Brunner et al.’s rev�ew (8), 33 �njury prevent�on prog-
rams appl�ed �n the prevent�on of lower extrem�ty �njur�es
were evaluated. Some of these programs focus on all lower
extrem�ty �njur�es, some on gro�n �njur�es only, some on
knee �njur�es only, some on ACL �njur�es only, and some on
ankle �njur�es only. Desp�te th�s d�vers�ty, balance tra�n�ng
was a component of the program �n 29 of the 33 programs
exam�ned. When th�s study and other stud�es �n the l�tera-
ture are exam�ned, there �s absolute consensus on the �m-
portance of balance �n the prevent�on of sports �njur�es
(8,9,16). In the current study, the YBTL was used to �nvest�-
gate whether the use of knee braces a�ects balance. As a
result of our evaluat�on, �t was observed that the use of
knee braces d�d not make a d��erence �n the results of the
YBTL.

However, �n GrupL�g, wh�ch uses a knee brace that prov�des
better knee stab�l�ty, dom�nant and non-dom�nant Y Balan-
ce-Anter�or scores �ncreased, although �t was not stat�st�-

cally s�gn�f�cant. In a study by Baltacı et al., the e�ects of
us�ng f�ve d��erent prophylact�c knee braces on performan-
ce were exam�ned, and �t was reported that the h�nged ‘H’
buttress knee brace was more e�ect�ve �n the YBTL compa-
red w�th other knee braces (17). We th�nk that the d��erence
between the study evaluat�ng the e�ects of d��erent knee
braces on balance and our current study �s due to study
methodology, the structure and model d��erences of the
knee braces used. In another study by Och� et al., the ba-
lance of part�c�pants was evaluated w�th a dev�ce (B�odex
Balance System), and �t was shown that four d��erent knee
braces d�d not have an e�ect on balance �n parallel w�th
our study (18). In the l�ght of current study and other stud�-
es �n the l�terature, no e�ect of knee brace use on balance
parameter �s observed.

CHT �s one of the funct�onal tests used to evaluate lower
extrem�ty funct�onal�ty, return to sports a�er �njury, and
pred�ct re-�njury (7). As a result of our study, �t was determ�-
ned that GroupBas�c was faster than the other groups �n the
veloc�ty parameter of the non-dom�nant extrem�ty CHT
(p=0.014). In a study by Mortaza et al. exam�n�ng the e�ect
of three d��erent knee braces on performance parameters,
�t was shown that there was no stat�st�cally s�gn�f�cant d�f-
ferences �n the use of knee braces on CHT and other evalu-
ated parameters, �n parallel w�th our study (19). In another
study by Mortaza et al., the e�ects of knee brace use on �n-
d�v�duals w�th ACL �nsu��c�ency were �nvest�gated, and the
results were �n l�ne w�th the�r prev�ous stud�es (20). Sole et
al., exam�n�ng the chron�c e�ect of knee brace use, could
not descr�be an e�ect of 6-wk knee brace use on CHT (21).
Contrary to these stud�es, Peebles et al. revealed that the
use of knee braces �n �nd�v�duals who had ACL surgery �nc-
reased the CHT jump d�stance symmetry over t�me (22). In
th�s study, s�m�lar results were obta�ned �n d��erent groups
and w�th d��erent knee braces, support�ng the results �n
the l�terature, and �t was concluded that the use of knee
braces �n healthy �nd�v�duals does not make a d��erence �n
terms of CHT results.

LESS �s a mot�on analys�s method developed by Padua et
al. �n order to detect and prevent r�sk factors for ACL �njury,
espec�ally (10). Therefore, �n the present study, th�s scor�ng
system was used to exam�ne the e�ect of knee brace use on
the b�omechan�cs of land�ng a�er jump�ng. Padua et al. de-
f�ned the e�ect l�m�t of error score on r�sk as ≤4 excellent, 4-
5 good, 5-6 moderate, and >6 poor land�ng (10). As a result
of our analys�s, although there were no stat�st�cally s�gn�f�-
cant d��erences �n the error scores between the groups, the
fact that the average score of the Group L�g was 3.94 d�sp-
lays that the LESS score average of those us�ng l�gament-
supported knee braces �s �n the excellent category, accor-
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d�ng to the r�sk e�ect l�m�t developed by Padua et al. As far
as we can rev�ew the l�terature, there are no stud�es on the
e�ect of LESS on knee brace use.

On the other hand, accord�ng to the correlat�on analys�s,
there are d��erent parameters such as range of mot�on,
knee Q angle, funct�onal test results, wh�ch correlate w�th
the LESS score dur�ng the use of the knee brace. S�nce the
knee jo�nt w�ll rema�n relat�vely stable dur�ng knee brace
use, �t �s a natural result that the k�net�c cha�n mechan�sm
and h�p, ankle and even trunk range of mot�on values are
correlated w�th the LESS score, when the LESS scor�ng cr�-
ter�a are exam�ned. In th�s context, wh�le preferr�ng knee
brace types that prov�de knee stab�l�ty more e�ect�vely, we
th�nk that �t �s �mportant to know the descr�pt�ve characte-
r�st�cs of the lower extrem�t�es of healthy athletes, and to
choose knee brace types by cons�der�ng the anthropometr�c
character�st�cs of the �nd�v�duals.

The l�m�tat�ons of our study �nclude the fact that �t was con-
ducted on profess�onal athletes �n only two sports, that ath-
letes �n a s�m�lar age group were �ncluded �n the study, that
recreat�onal athletes were not evaluated, and that the study
was not des�gned as crossover random�zat�on.

CONCLUSION
In the l�ght of current study, �t �s observed that the use of
prophylact�c knee brace does not have a negat�ve e�ect on
performance. On the other hand, var�ous personal charac-
ter�st�cs of �nd�v�duals should be cons�dered �n the select�-
on of knee brace type. For example, accord�ng to the corre-
lat�on results, �n order to reduce the LESS score, someone
w�th low h�p �ex�on should use a bas�c knee brace, wh�le
someone w�th low h�p abduct�on should use a l�gament-
supported knee brace. Espec�ally dur�ng the use of knee
brace types w�th e�ect�ve knee stab�l�zat�on, the b�omecha-
n�cs of land�ng a�er jump�ng can be related to many
factors.

Acknowledgments

We thank Dr. Ayhan Canbulut, Dr. Furkan Hasan Küçük, Arden Med�cal,
and all the part�c�pants who contr�buted to the study.

Eth�cs Comm�ttee Approval / Et�k Kom�te Onayı
The study was approved by the Süleyman Dem�rel Un�vers�ty Cl�n�cal Re-
search Eth�cs Board of Med�cal Faculty's dec�s�on no. 192, dated
23/07/2020.

Con��ct of Interest / Çıkar Çatışması
The authors declared no con��cts of �nterest w�th respect to authorsh�p
and/or publ�cat�on of the art�cle.

F�nanc�al D�sclosure / F�nansal Destek

The authors rece�ved no f�nanc�al support for the research and/or publ�-
cat�on of th�s art�cle.

 

 

Author Contr�but�ons / Yazar Katkıları

Concept: SE, CÇ; des�gn: SE, CÇ; mater�als: SE, CÇ; data collect�on and
process�ng: EA, HTA, GK, ASU; analys�s and �nterpretat�on: ASU, SE; l�te-
rature rev�ew: SE, EA, HTA, GK, ASU; wr�t�ng manuscr�pt: EA, HTA, GK;
cr�t�cal rev�ews: SE, CÇ.

REFERENCES
Emery CA, Pasanen K. Current trends �n sport �njury prevent�on. Best Pract Res Cl�n
Rheumatol. 2019;33(1):3-15.
Emery CA, Tyreman H. Sport part�c�pat�on, sport �njury, r�sk factors and sport safety pract�ces �n
Calgary and area jun�or h�gh schools. Paed�atr Ch�ld Health. 2009;14(7):439-44.
Eggerd�ng V, Re�jman M, Meu�els DE, van Es E, van Arkel E, van den Brand I, et al. ACL reconst-
ruct�on for all �s not cost-e�ect�ve a�er acute ACL rupture. Br J Sports Med. 2022;56(1):
24-8.
F�nch CF, Kemp JL, Clapperton AJ. The �nc�dence and burden of hosp�tal-treated sports-related
�njury �n people aged 15+ years �n V�ctor�a, Austral�a, 2004–2010: a �ture ep�dem�c of osteo-
arthr�t�s? Osteoarthr�t�s Cart�lage. 2015;23(7):1138-43.
Halabch� F, Hassab� M. Acute ankle spra�n �n athletes: cl�n�cal aspects and algor�thm�c approach.
World J Orthop. 2020;11(12):534-58.
Van Gent RN, S�em D, van M�ddelkoop M, van Os AG, B�erma-Ze�nstra SMA, Koes BW. Inc�den-
ce and determ�nants of lower extrem�ty runn�ng �njur�es �n long d�stance runners: a systemat�c
rev�ew. Br J Sports Med. 2007;41(8):469-80.
Dav�es WT, Myer GD, Read PJ. Is �t t�me we better understood the tests we are us�ng for return
to sport dec�s�on mak�ng follow�ng ACL reconstruct�on? A cr�t�cal rev�ew of the hop tests.
Sports Med. 2020;50(3):485-95.
Brunner R, Fr�esenb�chler B, Casartell� NC, B�zz�n� M, Ma��ulett� NA, N�edermann K. E�ect�ve-
ness of mult�component lower extrem�ty �njury prevent�on programmes �n team-sport athletes:
an umbrella rev�ew. Br J Sports Med. 2019;53(5):282-8.
Verschueren J, Tass�gnon B, Pluym B, Van Cutsem J, Verhagen E, Meeusen R. Br�ng�ng context
to balance: development of a react�ve balance test w�th�n the �njury prevent�on and return to
sport doma�n. Arch Phys�other. 2019;9(1):1-8.
Padua DA, Marshall SW, Bol�ng MC, Th�gpen CA, Garrett Jr WE, Beutler AI. The Land�ng Error
Scor�ng System (LESS) �s a val�d and rel�able cl�n�cal assessment tool of jump-land�ng b�omec-
han�cs: the JUMP-ACL study. Am J Sports Med. 2009;37(10):1996-2002.
K�vlan BR, Carc�a CR, Chr�stoforett� JJ, Mart�n RRL. Compar�son of range of mot�on, strength, and
hop test performance of dancers w�th and w�thout a cl�n�cal d�agnos�s of femoroacetabular �m-
p�ngement. Int J Sports Phys Ther. 2016;11(4):527-35.

Overmoyer GV, Re�ser 2nd RF. Relat�onsh�ps between lower-extrem�ty flex�b�l�ty, asymmetr�es,
and the Y balance test. J Strength Cond Res. 2015;29(5):1240-7.
Ercan S, Arslan E, Çet�n C, Başkurt F, Başkurt Z, Baser Kolcu Mİ, et al. Turk�sh adaptat�on study
of the Land�ng Error Scor�ng System. Kocael� Med J. 2021;10(2):174-8.
Oğul A, Ercan S, Çet�n C, Canbulut A, Ergan M, Acar HT, et al. The e�ect of b�ofeedback exerc�-
ses for the quadr�ceps muscle on the muscle strength, balance, and propr�ocept�on. Med del-
lo Sport. 2022;75(1):29-44.
Cejudo A, Moreno-Alcaraz VJ, Izzo R, Santonja-Med�na F, Sa�nz de Baranda P. External and total
h�p rotat�on ranges of mot�on pred�spose to low back pa�n �n el�te Span�sh �nl�ne hockey players.
Int J Env�ron Res Publ�c Health. 2020;17(13):4858.
Hrysomall�s C. Relat�onsh�p between balance ab�l�ty, tra�n�ng and sports �njury r�sk. Sports
Med. 2007;37(6):547-56.
Baltac� G, Aktas G, Camc� E, Oksuz S, Y�ld�z S, Kalayc�oglu T. The e�ect of prophylact�c knee bra-
c�ng on performance: balance, propr�ocept�on, coord�nat�on, and muscular power. Knee Surg
Sports Traumatol Arthrosc. 2011;19(10):1722-8.
Och� A, Ohko H, Ota S, Sh�mo�ch� N, Takemoto T, M�tsuke K. Custom-made h�nged knee braces
w�th extens�on support can �mprove dynam�c balance. J Exerc Sc� F�t. 2018;16(3):94-8.
Mortaza N, Ebrah�m� I, Jamsh�d� AA, Abdollah V, Kamal� M, Wan Abas WAB, et al. The e�ects of
a prophylact�c knee brace and two neoprene knee sleeves on the performance of healthy athle-
tes: a crossover random�zed controlled tr�al. PLoS One. 2012;7(11):e50110.
Mortaza N, Abu Osman NA, Jamsh�d� AA, Razjouyan J. Influence of �nct�onal knee brac�ng on
the �sok�net�c and �nct�onal tests of anter�or cruc�ate l�gament def�c�ent pat�ents. PLoS One.
2013;8(5):e64308.
Sole G, Lamb P, Pataky T, Kl�ma S, Navarre P, Hammer N. Immed�ate and 6-week e�ects of we-
ar�ng a knee sleeve follow�ng anter�or cruc�ate l�gament reconstruct�on: a cross-over laboratory
and random�sed cl�n�cal tr�al. BMC Musculoskeletal D�sord. 2021;22(1):655.
Peebles AT, M�ller TK, Moskal JT, Queen RM. Hop test�ng symmetry �mproves w�th t�me and
wh�le wear�ng a �nct�onal knee brace �n anter�or cruc�ate l�gament reconstructed athletes.
Cl�n B�omech (Br�stol, Avon). 2019;70:66-71.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.


