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Abstract

Purpose: The aim of the study was to determine the differences between football players and basketball players
in the mean absolute values of maximum torque flexors and extensors, ratio of maximum hamstring torque to
maximum quadriceps torque dominant (DOM) non-dominant (ND) leg and differences in bilateral imbalance of
flexor muscles and knee extensors.

Material and methods: The research included a sample of 39 professional athletes. The first subsample included
19 professional basketball players while the second subsample included 20 professional soccer players.
Results: Based on the results of the torques of the extensors in the knee joint of the DOM and ND legs, it was
established that there is no statistically significant difference between basketball players and football players.
However, a statistically significant difference was found in the torque flexors of the knee joint DOM (p<0.01)
and ND (p<0.00) of the leg between basketball players and football players. On the other hand, the results of
the research indicate that the difference between basketball players and football players in the ratio of
Hamstrings peak torque to Quadriceps peak torque was recorded only in the ND leg (p<0.02), while the
difference in the DOM leg is not statistically significant. The results of our study indicate that basketball players
have a higher percentage of imbalances compared to football players, especially in m. hamstrings.

Conclusion: This study provides normative data on populations specific to soccer and basketball, but does not
provide evidence of the ability of the isokinetic assessment of lower extremity muscle strength to predict injuries
to football players and basketball players.

Key words: knee joint, isokinetic testing, torque, extensor muscles and flexors
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AHoOTAaLA

Onekcanap Kykpuu, Mapko Mokcumosuu, Bopko Metposuu, ®paHuecka fNatiHo, PaTko MaBnosuy, Pyxuua
KyBanba. CniBBiAHOWEHHA MAaKCMMaJIbHOrO KPYTHOrO MOMEHTY Ha MigKONIHHUX CYXOXUANAX Ta
MaKCMMaNbHOrO KPYTHOTO MOMEHTY Ha YOTUPUrosioBoMy m'asi y npodeciiHux rpasuis y 6acketbon Ta
dyr60n

MeTta: MeTolo AoCAiAKEeHHA Byno BU3HaUYUTK BigMiHHOCTI Mix dyTbonicTamun Ta 6ackeTbonictamm y cepegHix
abCONOTHUX 3HAYEHHAX MAKCMMANbHMX 3rMHA4YiB Ta PO3rMHAYiB KPYTHOrO MOMEHTY, AOMiHytouoi (DOM)
HeaoMiHaHTHOT (ND) Horuv Ta cniBBigHOLWEHHA MAaKCMMa/IbHOTO KPYTHOrO MOMEHTY Ha MiZKOAIHHUX CYXOXKUANAX
[0 MAKCMMaNbHOTO KPYTHOrO MOMEHTY Ha YOTMPUroNIOBOMY M'A3i Ta BiAMIHHOCTEM Yy [ABOCTOPOHHbOMY
ancbanaHci m’a3iB -3rMHaYiB Ta PO3rMHaYiB KosliHa.

Martepian i metogu: [ocnigxeHHs BKAo4ano BMbipKy 3 39 npodeciliHux cnoptcmeHis. MNepwa niasubipka
BK/toYana 19 npododeciiHux backetbonictis, ToAi AK gpyra nigsubipka sBkatodana 20 npodeciitHmx ¢pyTbonicTis.
Pe3synbtatin: Ha nigctasi pe3ynbratis 06epTasbHUX MOMEHTIB PO3rMHaYiB y KoniHHOMY cyrnobi Hir DOM 1a ND
6yNn0 BCTAHOBNEHO, L0 HEMAE CTAaTUCTUYHO 3HAYYLLOI Pi3HMLI MiK 6ackeTbonicTamum Ta pyTHonicTamn. OaHaK
byna BUABNEHA CTAaTUCTMYHO 3HaYYLLA Pi3HULSA Y 3TMHAYax KPYTHOrO MOMEHTY KoniHHoro cyrnoba DOM (p<0,01)
Ta ND (p<0,00) Horun mixk 6ackeTbonictamu Ta pyTbONICTamK. 3 iHWOro 6OKyY, pe3ynbTaTi A0CNiAKEHHA BKA3yOTb
Ha Te, WO pi3HMUA MiX BackeTbonicTamu Ta ¢pyTbonicTamu y cnissigHoweHHi H / Q 6yna 3adikcoBaHa nuiue Ha
etani ND (p<0,02), Toai siK pi3Hnua B Ho3i DOM He € CTaTUCTUYHO 3HAYHMIA. Pe3ynbTaTh Haloro A40CNiAXKEHHA
NOKasytoTb, Wo 6ackeTboicTM MatoTb binbwKi BiACOTOK AncbanaHcy nopiBHAHO 3 ¢pyTHONiICTamuK, ocobimBo B
M. MIQKONIHHI CyXOXnnna.

BUCHOBOK: Lle aocnigeHHs MiCTUTb HOpMaTUBHI AaHi NPo nonyaaAuii, xapaktepHi ana ¢pytoéony Ta backetbony,
afie He HAfJA€ AOKasiB 34aTHOCTI i30KIHETUYHOT OLHKM CUAM M’A3IB HUMMKHIX KiHLUiBOK nepeabayntn Tpasmu
¢dyTHONicTiB Ta BackeTboONICTIB.

KniouoBi cnoBa: KosliHHUI cyrnob, i30KiHeTUYHE TeCTyBaHHA, KPYTHUIA MOMEHT, M’A31 -pO3r1HaYi Ta 3rmHaui

AHHOTALIUA
Anekcanpap Kykpuu, Mapko Mokcumoeuu, BopKko MeTpoBuy, ®paHuecka JlatuHo, PaTko Maenosuy, Pykuua
KyBana. COOTHOWEHUE MAKCMMANbHOIO KPYTALWLEr0O MOMEHTAa HA MOAKONEHHbIX CYXOMUAUAX K
MaKCMMaNbHOTO KPYTALLEro MOMEHTa Ha YeTbipexriaBoi Mbiwue y npodeccMoHanbHbiX 6ackeT60aUCTOB U
dyr60nucTOB
Uenb: Lenbio nccnenoBaHus bbiio onpeaeneHne pasanumii mexgy ¢yrtbonnctamu n b6acketrbonmctamm B
cpeaHux abCoMIIOTHbIX 3HAYEeHMAX MaKCMMAJIbHOrO KpyTALWero MomeHTa crubateneir u pasrnbatenen,
OTHOLLEHWE MAKCMMANbHOMO KPYTALLEro MOMEHTA HA NOAKONEHHbIX CYXOXUAMAX U MAKCUMANbHOTO KPYTALLErO
MOMEHTa Ha YeTblpexrnasoi mblwue goMmuHupytowel (DOM) u HegomuHaHTHOW (ND) Horv M pasnuuuii B
ABycTOpoHHeM gucbanaHce. mbiwl, crubatenei u pasrubatenen KoneHa.
Matepuan u metoapl. B uccnepgosaHum ydactBoBann 39 npodeccroHanbHbIX CNoOpTCMEHOB. B nepsyto
noasblbopKy Bowan 19 npodeccroHanbHbiXx HackeT6bonuctoB, a Bo BTopytd - 20 nNpodeccMoHasbHbIX
¢dyTH60UCTOB.
Pe3ynbTtaTtbl. Ha 0OCHOBaHMM pe3ynbTaToOB KPYTALWMX MOMEHTOB pa3rubaTenelt B KOAeHHOM cycTtaBe Hor DOM u
ND ycTaHOB/MIEHO, YTO CTAaTUCTUYECKM 3HAUYMMOW pasHULbl mexay backeTbonnctamum u GytboaMcTamm HeT.
OAHaKO CTaTUCTUMYECKM 3HaYMMasn pasHuua bblia 0bHapyKeHa B crubaTtensx KpyTaLero MoOMeHTa KONeHHOro
cyctasa DOM (p<0,01) n ND (p<0,000) Horn mexay backetbonuctamm n edytéonnctamum. C Apyroit CTOPOHbI,
pe3ynbTaTbl MUCCNAEAO0BAHMA MNOKa3blBalOT, 4YTO pasHuMUa Mexay 6acketbonnctamm u  ¢dytbonnctamm B
cooTHoweHun H / Q Bbina 3apunKkcmposaHa TonbKo B Hore ND (p<.02), B To Bpema Kak pasHuua B setsu DOM He
ABNAETCA CTAaTUCTUYECKU LOCTOBEPHON. CYLLECTBEHHbIN. Pe3ynbTaThl HalLero uccies0BaHMUA NOKA3biBaoT, UTO Y
backetbonmnctoB 6osiee BbICOKMI MPOLLEHT AMCOANaHCOB MO cpaBHeHW ¢ ¢yTboancramm, ocobeHHo B m.
NOAKO/IEHHbIE CYXOXKUAUSA.
BbIBOAbI. OTO UCCNEeA0BaHME NPeSOCTABAAET HOPMATUBHbIE Z@HHbIE O NONYAAUMAX, cneunduyHbix gna ¢yTbona
n H6acketbona, HO He NpefoCTaBAAET AO0KA3aTeNbCTB CMNOCOBHOCTU M3OKUHETUYECKOW OLLEHKM CU/Ibl MbILLL
HUXHUX KOHEYHOCTEN NPOrHo3mMpoBaTh TpaBmbl GyT6OANCTOB M BackeTb6oaMCTOB.
KntoueBble CnoOBa: KONEHHbIN CyCTaB, M3OKMHETMYECKOE TeCcTMPOBaHME, KPYTAWMIA MOMEHT, MblLLbI-
pasrnbatenu u crubatenu.
KnioueBble cnoBa: KOJIEHHbIN CyCcTaB, W3OKWHETUYECKOEe TeCTUPOBAHWE, KPYTAWMIA MOMEHT, MbllLbl-
pasrnbatenu n crubatenu.
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Introduction

Muscular strength and power are important
in terms of basic physiological capacities in most
sports games (soccer, basketball, handball, et.al.).
Soccer (a planetary phenomenon) is the most played
sport in the world, and according to some estimates,
as of 2006, there are as many as 265 million active
football players [1]. The football game is
characterized by intermittent periods ranging from
high-intensity activities to low-intensity activities. In
terms of physiological requirements, the football
imperative implies that players be competitive in
several aspects of fitness, which requires a high level
of aerobic and anaerobic power, muscle strength,
flexibility, and agility [2]. Precisely defined aspects
of fitness differ depending on the position in the team
as well as the style of play [3]. Unlike soccer,
basketball is also increasingly popular in many
countries, the game is played by more than 450
million people. Numerous tests and training
programs are used at the professional level to monitor
the cardiovascular and athletic performance of
players and the results of these tests are used to adapt
training techniques in an attempt to prevent traumatic
and excessive injuries [4]. It is an intermittent sport
that involves rapid, explosive, and repeated changes
of direction [5] which during a field game (smaller
dimensions) changes the direction of movement on
average every 2 seconds. Energy mobilization during
a basketball game comes mainly from aerobic
sources, although this activity requires specific
performance associated with short accelerations and
jumps, which are more dependent on anaerobic
sources [6].

During soccer and basketball matches,
players perform various and numerous jumps,
punches, turns of various technical exercises, which
characterize the dynamics of the game by constantly
changing the place, ie the position on the field.
Functionally analyzed, such movements are
primarily based on maximum strength muscle
capacity. Therefore, the relationship between torque
and speed (and consequently muscle strength) of the
lower extremities of athletes is especially important
for football and basketball matches [7]. In team
sports, the quadriceps and hamstrings muscles are
integrated into motor skills such as running and
jumping [8] and muscle strength appears to be one of
the most important components of these sports, both
for high performance and for injury prevention [9].
Injuries to these muscle groups are one of the main
problems faced by today's athletes. Inherent in these
sports is a higher risk of anterior cruciate ligament
(ACL) injury compared to other sports which causes
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a significant loss of time due to competition. It is
assumed that one of the possible causes of injuries is
an unbalanced relationship between muscle agonists
and antagonists, which in practice is referred to as
muscle imbalance [10]. Muscle imbalance is a
condition in which one muscle is stronger or weaker
than the other and can also occur as a result of
reduced muscle length (shortened muscle).

A typical example of muscle imbalance is the
unbalanced action of extensor and flexor muscles in
the knee joint. In conditions when m. quadriceps
femoris during dynamic activities generates
significantly greater muscle force compared to m.
hamstrings, excessive translational displacement of
the upper leg may occur. In such conditions, the
anterior  cruciate  ligament  (ACL) suffers
significantly higher pressure forces than usual.
Therefore, if m. hamstrings too weak and cannot be
opposed with sufficient force to the action of m.
quadriceps femoris, ACL injury most commonly
occurs in the knee joint [11]. These allegations are
confirmed by Opar et al. [12], which indicate that if
m. quadriceps femoris extremely strong and its
activity in certain phases of movement too large,
excessive elongation of m can occur. hamstrings,
leading to its damage. The main reasons for such an
injury are weakness of the flexor in the knee joint,
bilateral imbalance m. hamstrings, an inadequate
relationship between the flexor and extensor in the
knee joint (H / Q ratio), which causes injuries to m.
hamstrings up to 2.5 times more frequent than injury
m. quadriceps femoris. Lower limb strength, strength
imbalance between Hamstring and Quadriceps
muscles and strength imbalance between dominant
and non-dominant limbs are considered very
important in increasing performance and also
preventing injury [13].

According to Alentorn-Geli et al. [1] lower
extremity plyometrics, dynamic balance and
strength, stretching, body awareness and decision-
making, and targeted core and trunk control appear
to be successful training components to reduce non-
contact ACL injury risk factors (decrease landing
forces, decrease varus/valgus moments, and increase
effective muscle activation) and prevent non-contact
ACL injuries in players. Various laboratory tests are
used to assess the strength parameters of elite soccer
players and basketball players. Most studies have
used isokinetic equipment at different speeds and
joint angles for direct comparison [7, 6]. Isokinetic
dynamometry tests have been widely used and are the
most common tools to assess Quadriceps and
Hamstring muscle strength both in professional
athletic. Isokinetic testing also provides the essential
information about the Hamstring to Quadriceps ratio
(H/Q) and limb asymmetry index (LSI) which can be
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used for evaluating lower limb muscle strength and
imbalance between the muscles of the lower limb
[14, 15, 16, 17].

Soccer and basketball are different sports
games with different technical abilities, different
training and playing positions. Therefore, muscle
groups m. hamstrings and m. The quadriceps femoris
include several important motor skills such as
running and jumping. The aim of the research is to
determine the differences between football players
and basketball players in the mean absolute values of
maximum torque of flexors and extensors, H/ Q ratio
dominant-non-dominant leg and differences in
bilateral imbalance of flexor and extensor muscles of
the knee joint.

Material and methods

Study participants

The research included a sample of 39
professional athletes. The first subsample included
19 professional basketball players with an average
(Mean + Std.Dev) body height 196.68 + 8.00 cm,
body weight 96.05 + 8.64 kg, BMI 24.82 + 1.69 kg /
m2, age 25.95 + 3.73. All basketball players are
members of the Adriatic Basketball Association
(ABA league), the highest competitive rank in the
Balkans. The second subsample included 20
professional soccer players with body height 182.90
+ 6.80 cm, body weight 73.82 £ 5.64 kg, BMI 22.06
+1.00 kg / m2, age 21.05 £4.53. All football players
are participants in the Premier League, the highest
competitive rank in Boshia and Herzegovina. The
study is of a transversal nature and testing was done
in the pre-competition period in the 2020/2021
season.

The criteria for inclusion were: that the
players are participants of first team for at last least
six months, that all the players went through the
preparation period with the team, without injuries in
the last six months, that they played one half-season
before testing. Exclusion criteria were: athletes in the
recovery phase from some form of acute or chronic
injury, athletes who did not complete the entire
preparation period. All respondents were first
informed about the study, the purpose and goal of the
research and possible consequences were explained
to them. Also, the procedure and the course of the
testing itself were explained to the respondents. Prior
to the survey, each respondent signed a consent form
to participate. For this research, the consent and

approval of the head coach and the president
of the club were obtained, and after that, testing was
started. The research was approved by the Ethics
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Commission of the Faculty of Sports and Physical
Education, University of Banja Luka in accordance
with the Declaration of Helsinki [18]. The players
were instructed not to consume performance
enhancing substances such as creatine, ribose etc.
(coffee was limited to 1 cup) prior to tests, not to
engage in high intensity physical activity 24 hours
prior to the tests [19].

Study organization

Testing was performed by the same
experienced examiner in the Laboratory for
isokinetic  testing at the Faculty of Physical
Education and Sport in Banja Luka, Bosnia and
Herzegovina. Laboratory was air-conditioned and
room temperature was held between 22T - 24TC.
Testing was performed between 09.00 am and 14.00
pm. Before testing on isokinetic apparatus,
morphological characteristics of examinees had been
tested. The day before the examination of the body
composition, the examinees had to follow a protocol,
which included the requirements not to consume
food or drink after 22 pm. Additionally, in the
morning, before the test, the respondents did not
consume food and drink. The body weight and
percentage of adipose tissue were measured by
bioelectrical impedance, using a specialized scale
Tanita BC418a (USA), with an accuracy of 0.1 kg,
while body height was measured using an altimeter
Seca 216 (Germany), whose accuracy is 0.5 cm.
Testing on an isokinetic dynamometer (Cybex) was
performed according to standard recommendations
[20]. Prior to testing, a ten-minute warm-up was
performed on a stationary bicycle (Monark),
followed by stretching of the lower extremities [21].

Preparation for testing was continued on an
isokinetic dynamometer, where 5 submaximal
repetitions were performed in a concentric mode of
flexor and extensor muscle work in the knee joint.
After a break of 1 min, with maximum effort and
commitment, the subjects performed 4 maximum
concentric contractions of the flexor and extensor
muscles in the knee joint. The test was performed in
a sitting position on an isokinetic dynamometer chair
(upper / lower body angle was approximately 85 °),
where subjects were fixed with straps over the chest,
hips, and distal end of the thigh. In the concentric
mode of muscle work, flexors and extensors in the
knee joint were tested at a speed of 60 °-s™ The lateral
femoral condyle was used as a reference point for the
axis of rotation, and the length of the lever was
determined individually for each individual [22]. The
amplitude of the movement was determined at 90 °
(maximum extension was recorded and set as
anatomical zero). Gravitational force correction was
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performed in order not to help the flexors, that is, to
make the activity of the extensor muscles more
difficult when performing movements in the knee
joint. Measure of the hamstrings to quadriceps ratio
(H / Q ratio), calculated as the peak torque of the
hamstrings divided by the peak torque of the
quadriceps within the same limb (1) [16]:

Dominant leg peak torque—nondominant leg peak torgue

Hamstrings peak torque ( )

H/Q ratio =

Quadriceps peak torque

Another ratio is calculated to compare peak
torque between limbs and is referred to as the limb
symmetry index (LSI). LSI is used to assess peak
torque in the non-dominant relative to the dominant
limb (2) [17]:

LSl =

Dominant leg peak torque

Statistical analysis

Data were processed using the Statistical
Package for Social Sciences SPSS (v20.0, SPSS Inc.,
Chicago, IL, USA). In the first step, the basic
descriptive parameters and distribution of variables
were determined. Central and dispersive parameters
were calculated for all tests: arithmetic mean (Mean),
standard deviation (Std. Dev.). To determine the
differences between the groups we used T-test. The
statistically significant differences were determined
at the level of p <0.05.

Results

Table 1 contains the mean values and
standard deviation of the maximum torques m.
guadriceps femoris and m. hamstrings of the
dominant (DOM) and non-dominant (ND) legs of

X 100% 2

basketball players and soccer players as well as the
differences in mean values between the defined
sample of athletes for each muscle group. In both
groups of subjects, the right leg was dominant, and
based on absolute values, it is evident that basketball
players achieved slightly higher torque values in both
tested muscle groups, for m.quadriceps femoris
(DOM =211.18 £43.28 N-m'}; ND = 200,37 + 51,31
N-m?), for m.hamstrings (DOM = 170,89 + 35,86
N-m?; ND = 169,32+ 33,10 N-m™) in relation to the
sample of football players where torque value for
m.quadriceps femoris (DOM = 196 + 33.79 N-m™;
ND = 192.58 + 42.84 N-m™), and for m. hamstrings
(DOM =147.75+18.92N-m™; ND = 141.69 + 26.45
N-m?). Applying the appropriate statistical
procedures, it was found that there is a statistically
significant difference in only the maximum torques
of m.hamstrings between basketball players and
football players in the dominant (p<0.01) and non-
dominant (p<0.001) leg.

Table 1
Comparison between dominant and non-dominant muscle peak torque at 60°-s*
Muscle S— MeanzStd.Dev. MeanzStd.Dev. p value
R DOM ND DOM ND

Quadriceps Basketball 211.18+43.28 200.37+51.31 0.22 0.60

(N-m™) Soccer 196.00+33.79 192.58+42.84 ’ '
Hamstring Basketball 170.89+35.86 169.32+33.10

1 0.01* 0.00**
(N-m™) Soccer 147.75+18.92 141.69+26.45

Notes: DOM: Dominant leg (right); ND: non-dominant leg (left); *p<0.05; **p<0.01

Table 2 contains the average values of the
limb asymmetry index (LSI) at maximum muscle
torques m. quadriceps femoris-a and m. hamstrings
DOM and ND legs (%) and H / Q ratio of DOM and
ND legs in basketball players and football players.
LSI is presented as a percentage difference in the
strength of the extensor muscle (Quadriceps), that is,
the flexor (Hamstring) in the knee joint DOM relative
to the ND leg. The results confirmed that there is no
statistically significant difference between basketball
players and football players in terms of bilateral
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differences between extensor muscles (p=0.35) and
flexors (p=0.30) in the knee joint. The H / Q ratio is
presented as a coefficient corresponding to the
quotient of the results of the maximum torques of the
flexor and extensor muscles in the knee joint. The
results obtained indicate that there is a statistically
significant difference between basketball players and
soccer players in the H/ Q ratio of ND legs (p=0.02),
while the difference was absent when it comes to
DOM legs.
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Table 2
Limb asymmetry index (LSI) and Hamstring to Quadriceps ratio (H/Q)
H/Q ratio LSI
Velocity Sports MeanzStd.Dev. | MeanzStd.Dev. MeanzStd.Dev.
DOM ND Quadriceps (%) | Hamstring (%)
Basketball 0.81+.11 0.86%.14 13.91+9.56 15.92+12.09
60°-s? Soccer 0.76+.12 0.75%.14 11.27+7.87 12.46+8.31
p 0.22 0.02 0.35 0.30

Notes: DOM: Dominant leg (right); ND: non-dominant leg (left); *p<0.05; H/Q ratio: Hamstring / Quadriceps ratio; LSI:

Lims asymmetry index

Discussion

The aim of the study was to determine the
differences between soccer players and basketball
players in the mean absolute values of maximum
torque of flexors and extensors, H / Q ratio dominant-
non-dominant leg and differences in bilateral
imbalance of flexor and extensor muscles of the knee
joint. Appropriate power m. quadriceps femoris-a
and m. hamstrings is essential for sports performance
because these two muscles are functional
antagonists; contraction m. quadriceps femoris
results in knee extension, while contraction m. the
hamstrings leads to flexion in the knee joint. These
muscle groups together control the acceleration and
deceleration of the lower leg relative to the thigh, and
sufficient strength in both muscle groups is required
for running, jumping, stopping, and other sports
activities [23].

Based on the results of the mean values of
the maximum torques of the extensors and flexors in
the knee joint, obtained in this study, it can be
concluded that the dominant leg in basketball players
and football players is the right leg. Based on the
results of the torques of the extensors in the knee joint
of the DOM and ND legs, it was established that
there is no statistically significant difference between
basketball players and soccer players. On the other
hand, a statistically significant difference was found
in the torques of the knee joint flexor DOM (p=<.01)
and ND (p<.00) of the leg between basketball players
and football players. Given the markedly different
body weights of basketball players and soccer
players, it was to be expected that basketball players
would achieve significantly higher values of extensor
torques in the knee joint compared to soccer players.
Given that the tested groups differed significantly in
body weight, and that body weight was associated
with the manifestation of muscle strength, such
results were expected. Larger body dimensions,
significantly larger physiological cross-section of
muscles, is one of the reasons why basketball players
achieved slightly higher absolute values of torque
[24].
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In a study by Bradi¢ et al. [25] in which elite
basketball players participated, as a result of different
body dimensions between players of different
positions, different torque values were obtained. At
an angular velocity of 60°-s, the lowest values of the
extensor torques in the knee joint were achieved by
playmakers 268.7 + 48.8 N-m™, and the highest
values were achieved by the centers 321.7 + 38.5
N-m™. When it comes to flexors in the knee joint,
playmakers scored 157.1 + 29.4 N-m™, while the
centers scored 183.4 £+ 24 N-m™. The mean value of
the torque of the extensor in the knee joint of all
subjects was 297.5 £+ 43.5 N-m?, and the flexor 172
+ 27.3 N'-m’. Compared to the results of our
research, higher values of the torque of the extensor
in the knee joint were achieved, while the values of
the flexors are almost identical.

Comparing the results of our study with the
results of other studies, subjects in both groups
achieved low values of torque extensors in the hip
joint, as well as approximately similar results of
torque flexors in the hip joint [25]. The results of our
study are not consistent with the results of the
Erdemir [26] study, in which the authors, comparing
top basketball players and soccer players, noted a
statistically significant difference in torque extensors
and flexors in the knee joint at the left and right leg.
In isokinetic testing at 90°-st, Magalhdes et al. [27]
noted a statistically significant difference in the
maximum torques of extensors and flexors in the hip
joint of the DOM and ND legs between volleyball
players and soccer players. In both studies, the
authors cited as one of the causes of statistically
significant differences in the strength of the flexors
and extensors of the knee joint markedly different
body dimensions of the examined groups. Identical
results with elite football players and basketball
players were obtained [8, 28, 29].

The relationship between the strength m.
hamstrings (flexor muscles) and m. the quadriceps
femoris (extensor muscle), also known in the
literature as the H/ Q ratio, is widely used in the areas
of sports training and rehabilitation to describe
muscle strength properties affecting the knee joint
and the detection of muscle imbalance. The
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conventional H / Q ratio is defined as the ratio
between the peak torque m. hamstrings and m.
quadriceps femoris and is usually measured during
concentric contraction, while the functional H / Q
ratio is defined as the ratio between the peak torque
m. hamstrings of the lower leg eccentric contraction
and peak torque m. quadriceps femoris during
concentric contraction (Hecc / Qcon) (representative
of knee extension). Low values of H / Q ratio,
strength (<0.6 for 60°:s™) may increase the risk of
lower extremity injuries, especially anterior cruciate
ligament (ACL) injuries and m deformities
hamstrings [30], so this H / Q ratio is a measure of
normal knee function and stability [31]. The results
of our study in the H / Q ratio are in line with the
results obtained [32, 33], they are also above the set
norms stated by Pelicer-Chenoll et al. [30]. On the
other hand, the results of the research indicate that
the difference between basketball players and soccer
players in H / Q ratio was recorded only in ND leg
(p<.02), while the difference in DOM leg is not
statistically significant, therefore, lower values of H
/ Q ratio were recorded. in football players, which has
been confirmed in studies [34, 35, 36] in which it is
stated that m. hamstrings is not as strong as m.
guadriceps femoris. It is this disproportionate H / Q
ratio that may be inversely related to the occurrence
of lower extremity injuries [37].

Our results of maximum strength of both
legs can be explained by analysis of the physiological
requirements of sports training. Garret et al. [38]
point out that the muscles of m. hamstrings have a
relatively high proportion of type Il fibers compared
to m. quadriceps femoris. Hunter et al. [39] and
Hamada et al. [40] analyzed the structural and
metabolic characteristics of muscles and concluded
that the characteristic that most affects fatigue is the
type of muscle fibers, where type Il muscle fibers are
more susceptible to fatigue than type | muscle fibers,
so the difference in muscle composition may be a
major factor in the divergence of strength loss
between muscle groups. Biopsy studies have shown
that a higher proportion of type Il muscle fibers is
higher in m. hamstings than in m. quadriceps femoris
[41]. According to Croiser, [22] this imbalance and
muscle weakness predispose to injuries m.
hamstring. According to Benjuia et al. [43], this
balance between muscle groups with antagonistic
action is an essential element in understanding the
epidemiology of many muscle injuries. Therefore, it
is important to assess the H / Q ratio as a relevant
factor in preventing muscle injury. Substantial lower
limb neuromuscular asymmetry with regard to
strength and power has been described as an
important risk factor for sport injuries and linked to
decrements in sports  performance [44].
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The relationship between strength and
power asymmetry and injury risk or poor
performance could be related to the inability of a
weaker lower limb to produce and / or absorb the
same amount of force that a stronger limb can.
Previous research suggests that lower limb
imbalances exist in cutting and pivoting sports
such as basketball [31], soccer [45]. Analyzing the
bilateral deficit of extensors and flexors in the knee
joint, several studies have confirmed that an
imbalance in muscle strength of 10% - 15% is
considered as an indicator of a disturbed relationship
of flexors and extensors of both legs [46, 47]. The
results of our study indicate that basketball players
have a higher percentage of imbalances compared to
soccer players, especially in m. hamstrings. These
differences in performance between the legs may be
associated with anatomical asymmetry [48], previous
injuries such as ACL rupture [49], specific sports
requirements [44], training experience, and toys.
positions [48]. The role of inter-limb strength
asymmetry in lower limb injury prevention is not
clear. Ina recent meta-analysis [50] the hamstrings
inter-limb asymmetry was shown to play a reduced
role in predicting hamstrings injury risk.
Nevertheless, it was reported previously that the
inter-limb hamstrings eccentric strength asymmetry
was predictive of the hamstrings strain-type injury
risk [51].

Additionally, a reduced quadriceps inter-
limb strength asymmetry is essential for a safe return
to the sport after injury [52]. Interestingly,
hamstrings and quadriceps inter-limb strength
asymmetry were recently shown to be negatively
correlated with changes of direction (COD) and
sprinting ability [53]. Those authors reported that
increasing the inter-limb asymmetry decreased the
COD and sprint performance, with no impact on
jumping ability. This could be due to the key role of
both hamstrings and quadriceps in stabilizing,
braking and accelerating the body during COD and
a sprint [54], while the stronger limb seems to
compensate for the work of the weaker limb in
jumping ability [55].

Conclusion

This study provides normative data on
populations specific to soccer and basketball, but
does not provide evidence of the ability of the
isokinetic assessment of lower extremity muscle
strength to predict injuries to football players and
basketball players. In addition, the isokinetic
dynamometer allows the assessment of only the joint
movement, limiting the conclusion about the
complex multi-joint activities that are performed in
both soccer and basketball.
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