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ABSTRACT

The aim of this study was to evaluate the strength of the left and right hamstring and the quadriceps
muscle group in professional handball players. It also aimed to assess the statistical significance of
the relationship between these two muscle groups. The study included eight professional handball
players from the "Borac™ team, Banja Luka. Standard anthropometric measurements were taken. The
following variables were assessed: maximum quadriceps torque (MQT), maximum hamstring torque
(MHT), and hamstring—quadriceps ratio (HQR), to determine the presence of muscle imbalances
bilaterally and unilaterally. Isokinetic testing of knee strength was performed on both knees at the
Institute for Sports, Faculty of Physical Education and Sports, University of Banja Luka, using the
CON-TREX CYK device, which allows comprehensive assessment of muscle and joint function.
Based on the findings, there was no significant muscle imbalance in handball players, i.e., no
significant difference in quadriceps or hamstring strength between the left and right legs, either
bilaterally or unilaterally (p > 0.05). The strength of the left and right quadriceps and hamstrings
showed minimal variation, with no evidence of muscle imbalance. In professional and elite sports,
information from isokinetic diagnostics is essential for designing training programs and preventing

injuries. This study provides normative data for the handball player population.

KEYWORDS

Handball; Isokinetic Testing; Hamstring; Quadriceps; Imbalance

SPORT TK. Year 2025. Volume 14. Article 161. 1


https://revistas.um.es/sportk
mailto:pavlovicratko@yahoo.com

Gerdijan et al.

1. INTRODUCTION

Handball is an Olympic sport and a complex team game in a limited space defined by rules
and regulations. It is a very demanding poly-structural motor activity characterized by high intensity
of movement and high energy consumption, rapid change of direction, maximum muscle strain, high
pressure force on the surface, a large number of falls on the surface, a large number of faster ball
throws, etc. All of the above require an exceptional level of technical and especially physical
preparation from the player. As a result of these activities during matches, as well as the training
process, there is a large number of injuries to the locomotor apparatus of handball players.

Handball has one of the greatest rates of injuries (82.2%) at the Olympic Games (Palmer et
al., 2021). Most authors identify the biggest number of injuries in the lower extremities, highlighting
the knee, thigh, and ankle joints. However, there is no consensus on which has the highest frequency.
According to Vila Barreiro et al. (2022), shoulder injuries are the most common upper extremity
injuries. A study conducted at the Men's Handball World Championship in Qatar (Bere et al., 2015)
found that 58.3% of injuries were located in the lower extremities, mainly in the ankle, thigh, and
knee, while 16.7% affected the upper extremities, mostly the shoulder and fingers/thumb. Another
study conducted the same year found that the knee and shoulder had significant injury rates of 20%
and 22%, respectively (Clarsen et al., 2015). Later studies (Aman et al., 2019; Florit et al., 2019;
Rafnsson et al., 2019; Luig et al., 2020; Mashimo et al., 2021). A study by Tabben et al. (2019) found
that the ankle joint (19.3%), head/face (17.3%), knee (15.1%), and thigh (12.9%) were the most
injured body parts during the 2017 World Handball Championship in France.

Maximum leg strength was measured using a variety of techniques in past professional
handball sports performance studies. The majority of these studies (Chaouachi et al., 2009; Haugen et
al., 2016; Ortega-Becerra et al., 2018; Hermassi et al., 2019) used various forms of maximal squat
tests to determine maximal leg strength. Only a small amount of evidence used isokinetic testing
(Teixeira et al., 2014; Gonzalez-Rave et al., 2014).

For evaluating maximal knee quadriceps and hamstring strength and muscle imbalance,
isokinetic is still regarded as the gold standard (Xaverova et al., 2015; Maurelli et al., 2019). While
numerous studies measuring maximal isokinetic knee strength have been performed on women
handball players (Lund-Hanssen et al., 1996; Andrade, 2012; Xaverova et al., 2015; Risberg et al.,
2018), only few studies included male handball players (Teixeira et al., 2014; Gonzales- Rave et al.,
2014; Maurelli et al., 2019).
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When evaluating the physical performance and injury risk of handball players, the isokinetic
muscle strength ratio between the hamstrings and quadriceps is a one of the more important factor.
This ratio, commonly known as the hamstring quadriceps ratio (HQR), indicates a strength imbalance
between antagonistic muscle groups surrounding the knee joint. Given the high incidence of
hamstring injuries in sports requiring rapid acceleration and deceleration, maintaining a balanced
strength ratio between both muscle groups is important for injury prevention and peak athletic
performance, particularly in sports requiring quick direction changes, jumping, and explosive
movements. To ensure dynamic stability of the knee and prevent unilateral and bilateral imbalances,
the hamstring quadriceps ratio (HQR) is employed as a measure of the knee musculature's powers.
Diagnosing muscle imbalances in professional athletes during the pre-season is crucial, since it is
essential to follow an adequate exercise program to restore the hamstring quadriceps ratio to its
expected levels. Also, if an injury occurs, it is vital to assess whether muscular imbalances exist and,
if so, implement adequate rehabilitation. Muscle balance relationships change with joint and
population. In healthy settings, the HQR is 60-69%, with the knee extensors being stronger than the
flexors (Gerdijan et al., 2011). This threshold is important because it shows how well the hamstrings
can balance the force that the quadriceps produce when moving at high speeds. Extensive research on
the isokinetic strength profile of elite female handball players has shown that higher angular
velocities during testing tend to enhance the hamstring quadriceps ratio. According to Xaverova et al.
(2015), this phenomen is explained by the hamstrings' quicker muscle fiber composition than that of
the quadriceps, which enables superior performance at higher speeds. Muscle strength has also been
shown to change periodically; Maurelli et al. (2019) found that peak torque values for the quadriceps
and hamstrings changed significantly during the competition season. According to their research,
athletes may lose strength, especially at lower angular velocities, which could affect their

performance and increase their risk of injury if proper training strategies are not implemented.

This emphasizes how crucial it is to include efficient warm-up exercises that help athletes
maintain muscular balance in addition to preparing them for performance. Stretching is a common
warm-up exercise for athletes to improve performance and prepare the body for practice or
competition (Gerdijan et al., 2021). There is continuous discussion on the selection of stretching
techniques for warm-ups (Shelton & Kumar, 2009). Additionally, Chen et al. studied the effect of
warm-up protocols on the hamstring quadriceps ratio. They have shown that some warm-up
techniques, like dynamic stretching and vibration foam rolling, can improve muscle performance and
the HQR in female handball players (Chen et al., 2023). According to Gerdijan et al. (2017), static
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and dynamic stretching both have beneficial short-term effects when used before activities involving
a low contraction rate and high external resistance, but only dynamic stretching is beneficial when
used before an activity involving a higher muscle contraction speed. Regardless of the elongation
model used, the quadriceps dominate the muscle group during a slow contraction (60°/s), while the
hamstrings play a much larger role at high speeds. Findings from Andrade et al. (2012), who pointed
out that differences in training methods could affect the strength ratios across different sports,
including handball, further support the connection between strength training and the hamstring
quadriceps ratio. According to their research, male and female athletes have different HQR which
may call for training methods tailored to each gender in order to maximize performance and lower
the risk of injury. Furthermore, numerous studies have shown the predictive effectiveness of the
hamstring quadriceps ratio (HQR) to predict injury risk. A low HQR is a major risk factor for
hamstring injuries, according to Dauty et al. (2018), who also recommended that in order to identify

possible inadequacies, regular isokinetic assessments be included in athlete monitoring programs.

The aim of our study is to assess the strength of hamstring and quadriceps muscles in
professional handball players using isokinetic diagnostics, which is regarded as the most reliable

measuring method.

2. METHODS
2.1. Design and Participants

This study used a cross-sectional design and included 8 male professional handball players of
RK "Borac M:tel" from Banja Luka, member Premier League BIH, with the following average
characteristics: Body height 193.26+4.39cm; Body weight 93.50+10.25kg; BMI 24.49+1.34kg/m?;
Age=26.38+5.70.

The criteria for inclusion were: (1) that the age of the handball player is at least 16 years (+6
months), (2) that all handball players included in the sample are registered for their club, with a
license to participate in the competition within the regular period, (3) without injuries in the last six
months, (4) that they actively train handball for at least 3 to 6 years, (5) that all handball players have
five training sessions per week, (6) that the training sessions last 90-120 minutes, (7) that the
respondents are included in the team composition, including substitutes, (8) that they have a

favorable health status.

The group was very homogeneous in terms of anthropometric characteristics and motoric

abilities. The participants have been familiarized with the measuring protocol and they signed
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consent of voluntary accession to the test. The study was performed in accordance with the
Declaration of Helsinki and was approved by the Ethics Board of Faculty of physical education and
sport. The subjects were informed of the benefits and risks of the investigation prior to signing an
institutionally approved informed consent document to participate in the study. The participants
underwent isokinetic testing using a computerized dynamometer. They performed flexion and

extension movements at different velocity, first in the form of slow, then fast contraction.

2.2. Sample Variables

The following variables were taken into account from the anthropological measures: Body
height — BH (cm); Body weight — BW (kg); Body mass index — BMI (kg/m?); Chronological age —
AGE (year); Playing years.

In operational terms, the following variables were monitored for the right (R) and left (L) leg:
Maximum quadriceps torque — MQT (Nm/kg); Maximum hamstring torque — MHT (Nm/Kkg);
Hamstring quadriceps ratio - HQR (Nm/kg).

Body weight (BW) and body mass index (BMI) were measured using bioelectrical impedance
on a customized Tanita BC418a scale (USA) with an accuracy of 0.1kg, and body height (BH) was

measured using a Seca 216 (GER) altimeter with an accuracy of 0.5cm.

Isokinetic muscle strength testing was performed up at the Institute of Sports, Faculty of
Physical Education and Sports, University of Banja Luka. Isokinetic testing was conducted using
isokinetic multi joint module dynamometer CON-TREX® MJ (Switzerland) which allows for precise

diagnostics and subject-specific results. Note: During testing, gravity was not taken into account.

2.3. Measurement Protocol

The testing was done between 09.00 and 12.00 hours, in the Institute of the Faculty and in air-
conditioned conditions where the temperature was maintained between 22 C - 24C. The procedure
required the presence of one parameter measurer and an expert trained to handle the device. Testing
was performed for the concentric mode of quadriceps and hamstring contraction, in the range of
motion from 0° to 90° flexion, at a speed of 60°/sec. The research was conducted on both legs. On
the day of the test, the handball player did not train, and the test was conducted in accordance with
the usual methodology for such tests. Prior to the test, the isokinetic equipment was calibrated. The
respondent-handball player has knowledge of the testing process, which states (Gerdijan et al., 2011):

The seat of the device was modified to position the handball player in the proper posture, assuring his
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stability on the isokinetic chair. Seat limitations were used to immobilize the handball player and
isolate the tested musculature to the greatest extent possible.

After identifying the proper position on the chair (hips at a 60° angle), the anatomical axis of
the knee must be aligned with the dynamometer's axis. The axis of rotation on the dynamometer was
aligned with the handball player's knee and set to a range of motion from 0° to 90°. When measuring
the knee, the reference point is the external femoral condyle. Testing began with an adequate warm-
up of the handball player (they performed three submaximal contractions with the flexors and
extensors of the upper leg. After that, they warmed up at speeds of 60° and 120°/s).

After a 30-second break, they performed one trial test at a speed of 60°/s, with three
repetitions, after which the testing procedure began. During the test, 4 maximal contractions were
performed, first with the front and then with the back muscle group, without alternation. The
identical procedure was performed first with one leg, then with the other, with an active rest between
procedures lasting 60 seconds. Testing of the knee muscle strength was performed at a constant speed
of movement of 60°%s (testing of maximal muscle strength). The highest torque recorded was taken

for analysis.

2.4. Statistical Analyses

The arithmetic mean (Mean) and standard deviation (SD) were calculated for each variable.
For further statistical analysis, a comparative approach was applied, specifically testing the
significance of differences between the means of independent samples using the T-test, which falls
within the domain of discriminative procedures. Data processing and reporting were performed using
the statistical software IBM SPSS, Version 20. All conclusions were drawn at a significance level of

0.05 (p < 0.05). The results of the statistical analyses are presented in tabular form.

3. RESULTS

The sample of handball players had a mean body weight (BW) of 93.5£10.25kg, with the
lowest BW being 83kg and the highest being 114 kg, according to the results of the fundamental
anthropological parameters (Table 1). Body height (BH) ranged from a minimum of 187.00 cm to a
maximum of 200.00 cm. The sample's average height was Mean=193.25+4.39cm. The average
computed body mass index (BMI) was 24.49 kg/m?2, with a range of 22.10 to 26.80 kg/m2. The
examined sample's body mass index result was between the recommended body mass range of 20.00

and 24.99. They classified the studied sample of handball players as exceptionally homogeneous as
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the coefficient of variation (CV%.) values for the observed variables of the anthropological space do
not surpass 0.2 (Peri¢, 2001).

Table 1. Basic anthropological parameters of the sample
Variables N Min. Max. Mean SD CcVv

BW (kg) 8 83.00 114.00 93.50 10.253  0.109
BH (cm) 8 187.00 200.00 193.25 4399  0.022
BMI (kg/m?) 8 22.10 26.80 24.49 1.342  0.054
Age (years) 8 19.00 35.00 26.38 5.705 0.216
Playing 8 3.00 15.00 7.50 4.407  0.587
years

Note. Legend: N — number of respondents; BH- body height; BW - body weight; BMI - body mass index; Mean -
arithmetic mean; SD. - standard deviation; St.Error - standard error of the arithmetic mean; CV - coefficient of
variation.

The bilateral relationship between the strength of the right and left legs in handball players at
the Maximum quadriceps torque (MQT) is displayed in Table 2 together with the basic statistical
data. Mean=2.45+0.411 is the average quadriceps strength for the right leg, while Mean=2.72+0.522
is the average quadriceps strength for the left leg.

Table 2. Descriptive statistics for the variable maximum quadriceps torque (MQT) — bilateral

relationship
Group Statistics
Leg Mean SD Std. Error
N'V'Q/kT Right 2.452 0.411 0.145
(Nm/kg) Left 2.721 0.522 0.185

In handball players, the arithmetic means of the quadriceps strength of the right and left legs
differ numerically. To determine whether the obtained values were statistically significant, the
significance of the differences of the arithmetic means for the variable Maximum quadriceps torque
(MQT) was examined in Table 3.

The table shows the following: Levene's test result for the variable Maximum quadriceps
torque (MQT) indicates a significance value of Sig.=0.365, which is greater than 0.05, for examining
the homogeneity (equality) of variances in the t-test. This indicates acceptance of the equality of
variance assumption. For df=14, the computed t-value from the domain of testing the equivalence of
arithmetic means is t = -1.143. It can be inferred that the differences are not statistically significant

because the obtained t value is less than the cutoff (t<2.145). At the same time, the two-way t-test's
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Sig. (2-tailed) level of significance was 0.272. The conclusion is that there is no statistically
significant difference in the way the quadriceps of the right and left legs show strength when
assessing the Maximum quadriceps torque (MQT) on a bilateral basis.

Table 3. Independent samples t-test for the variable maximum quadriceps torque (MQT)

Levene's Test for

Equality of ariances T-test for Equality of Means

Mean ESrtrdo.r

F Sig. T df p Diff. Diff.

Equal var. 1143 14 0272 0269 0235
assumed

MOT Equal var. 0.877 0.365

Q not -1.143 13274  0.272 -0.269 0.235

assumed

Note. Legend: df — number of degrees of freedom; F value — null hypothesis testing; Sig. — realized level of significance;
p — probability value; t — the value of the arithmetic means difference test; Mean - arithmetic means for both samples; St.
Dev. - standard deviations for both samples; St. Error - ratings of standard errors of the arithmetic mean. df=14;
p=0.05; limit value t =2.145;

The bilateral relationship between a handball player's right and left legs at Maximum
hamstring torque (MHT) is displayed in Table 4. Arithmetic mean values (Means) for the right and
left legs are, respectively, Mean =1.559+0.183 and Mean =1.557+0.338.

Table 4. Descriptive statistics for the variable maximum hamstring torque (MHT) — bilateral
relationship

Group Statistics

Leg Mean SD Std. Error
|\IJVIT/E Right 1559 0.183 0.065
(Nm/kg) Left 1557 0.338 0.120

For the variable Maximum hamstring torque (MHT), the importance of the variations in
arithmetic means is examined in Table 5. The following is displayed in the table: The Levene test
result for the variable MHT shows a significance value Sig.=0.077, which is greater than 0.05, for
examining the homogeneity (equality) of variances inside the t-test. This indicates acceptance of the
equality of variance assumption. For df=14, the computed t-value from the domain of testing the
equivalence of arithmetic means is t=0.018. It is determined that the differences are not statistically

significant because the obtained t value is below the threshold (t<2.145).
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Table 5. Independent samples t-test for the variable maximum hamstring torque (MHT)

Levene's Test for

Equality of Variances T-test for Equality of Means
Mean Std. Error
F Sig. T df p Diff. Diff.
i‘ggﬁ:ﬂ"eﬂ 0.018 14 0.986 0.002 0.136
MHT Equal var 3.636 0.077
q X 0.018 10.784 0.986 0.002 0.136

not assumed

The unilateral ratio of the right and left leg in handball players at the maximum torque of the
hamstring and quadriceps muscle groups (Hamstring quadriceps ratio) is displayed in Table 6. The
arithmetic mean (Mean) for the right leg is 64,300+8,065; the arithmetic mean for the left leg is
58,937+15,036.

Table 6. Descriptive statistics for variable hamstring quadriceps ratio (HQR) - unilateral relationship

Group Statistics

Leg Mean SD Std. Error
HQR Right 64.300 8.065 2.851
(%) Left 58.937 15.036 5.316

For the variable Hamstring quadriceps ratio (HQR), the significance of the variations in
arithmetic means was examined in Table 7. The following is displayed in the table: The Levene test
result for the variable HQR indicates the significance value Sig.=0.431, which is greater than 0.05,
for assessing the homogeneity (equality) of variances inside the t-test. This indicates acceptance of

the equality of variance assumption.

For df=14, the computed t-value from the domain of testing the equivalence of arithmetic
means is t =0.889. It can be inferred that the differences are not statistically significant because the
obtained t value is less than the cutoff (T<2.145).

The two-way t-test's Sig. (2-tailed) level of significance is 0.389. Given that the realized level
of significance (Sig.>0.05) is higher than 0.05. We may conclude that there is no statistically
significant difference when comparing the unilateral level of the Hamstring quadriceps ratio.
According to the results of the Hamstring quadriceps ratio, the right leg's ratio is 64.3%, while the
left leg's is 58.9%.
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Table 7. Independent samples t- test for the variable hamstring quadriceps ratio (HQR)

Levene's Test for

Equality of Variances T-test for Equality of Means
Mean Std. Error
F Sig. T Df p Diff. Diff.
Equal var. assumed 0.889 14 0.389  5.362 6.032
Equal var. 0.656  0.431

HOR not assumed 0.889  10.720 0.394  5.362 6.032

4. DISCUSSION

Muscular strength and power are important in terms of basic physiological capacities in
handball game. During handball matches, players perform a large number of different jumps, hand
strikes, falls to the ground, quick turns and various technical exercises that characterize the dynamics
of the game by constantly changing places, or positions on the court. Therefore, the relationship
between torque and speed and the strength of the lower limb muscles of athletes is particularly
important during a handball game. In general, in all sports games, the quadriceps and knee muscles
are integrated into motor skills (running, jumping), and muscle strength is one of the most important
components of these sports, both for high performance and for injury prevention (Askling et al.,
2003). Injuries to these muscle groups are one of the main problems faced by today's athletes,

including handball players.

The purpose of this study is to evaluate the strength of the left and right hamstring and the
quadriceps muscle group in professional handball players. It also aims to assess the statistical

significance of the relationship between these two muscle groups.

According to the findings, there is little variation in the strength of the left and right
quadriceps and hamstrings among handball players, and no bilateral or unilateral muscle imbalance
was observed. At the group level, the left leg had higher maximum quadriceps torque than the right
leg (left -2.72, right leg- 2.45 Nm/kg). Hamstring values were equal bilaterally. The Hamstring
quadriceps ratio findings show that the right leg is 64.3% and the left leg is 58.9%. Even though there
was no statistically significant difference, this indicates that the left leg's hamstrings are weak by over
10% when compared to the expected values. Gerdijan et al. (2021) suggest that high imbalance

values in specific muscle groups increase the risk of muscle injury.

Gonzales-Riva et al. (2014) reported similar findings, recording seated data from 12 senior

Spanish league handball players: the isokinetic quadriceps strength of the dominant leg was 2.91
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Nm/kg, whereas that of the non-dominant leg was 2.70 Nm/kg. The dominant leg's hamstring
strength was 1.76, while the non-dominant leg's measures 1.72 Nm/kg.

A large amount of research seems to agree that sports-specific demands have an impact on the
hamstring quadriceps ratio (Andrade, 2012; Ruas et al., 2015) and that increasing the hamstring
quadriceps ratio (HQR) is a good way to reduce the risk of injury in rotating sports (Orchard et al.,
1997; Kukri¢ et al., 2021). There is ongoing controversy regarding the true meaning of these HQR
nevertheless, as other studies have found no impact of increasing the ratio on injury risk (Steffen et
al., 2017). According to Dauty et al. (2017), a low HQR is a significant risk factor for hamstring
injuries. They also suggested that regular isokinetic tests be incorporated in athlete monitoring
programs to identify potential deficiencies.

In conclusion, this study's findings could help clarify a number of crucial anthropometric and
physical elements of handball play. In addition to demonstrating that professional handball players
are symmetrical and have no notable maximal strength deficiencies between and within the knee
extensors and flexors, new data about the maximum torque of the quadriceps (extensors) and

hamstrings (flexors) were presented.

There are several limitations to this study. The small number of participants causes sensitivity
when interpreting results, emphasizing the necessity for more subjects in future research. This study
presents preliminary isokinetic strength data for the quadriceps and hamstring muscles used by

professional handball players.

5. CONCLUSIONS

According to the findings, there is little variation in the strength of the left and right
quadriceps and hamstrings among handball players, and no bilateral or unilateral muscle imbalance
was observed. For professional and elite sports, the information from isokinetic diagnostics is very
important for planning the training program and preventing injuries. This study provides normative

data for the handball player population.
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