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Abstr ACt

Objectives   This study aimed to examine the effect of knee 
pain perception on muscle strength and endurance among elite 
female handball players.
Methods  This study included 60 handball players who parti-
cipated in training and competition from January to December 

2019. Muscle strength, endurance, and hamstring/quadriceps 
ratio of the knee were estimated using Computer Sports Medi-
cine, INC (Cybex, HUMAC, USA). The independent samples 
t-test was used for inter-group comparison. The Pearson’s cor-
relation and simple linear regression analyses were used to 
assess associations among the variables and identify factors 
affecting pain perception, respectively.
Results  No significant differences in knee muscle strength, 
endurance of both the flexor and extensor muscles, and muscle 
strength (hamstring/quadriceps ratio) were noted between the 
high and low groups. However, the ratio of muscle endurance 
of the flexor and extensor of the knee in the high group was 
significantly lower than that in the low group. Furthermore, 
pain was found to correlate only with muscle endurance (ham-
string/quadriceps ratio). The pain scale reading increased by 1. 
Moreover, muscle endurance ratio of the flexor and extensor 
muscles of the knee decreased by 3.07.
Conclusion Muscle endurance (hamstring/quadriceps ratio) 
of the flexor and extensor muscles, classified based on an ave
rage pain scale, differed between the high and low groups. 
These results can aid in development of rehabilitation and ex-
ercise programs for players involved in handball and similar 
sports in the future.

ZusAmmenfAssung

Ziele Mit dieser Studie sollte die Auswirkung der Wahrneh-
mung von Knieschmerzen auf Muskelkraft und Ausdauer bei 
Elite-Handballerinnen untersucht werden.
Methoden Die Studie wurde von Januar bis Dezember 2019 
mit 60 Handballspielerinnen durchgeführt, die in diesem 
Zeitraum an Training und Wettkämpfen teilnahmen. Muskel-
kraft, Ausdauer und das Hamstrings/Quadriceps-Verhältnis des 
Knies wurden mithilfe von Computer Sports Medicine, INC 
(Cybex, HUMAC, USA) bewertet. Für den Vergleich zwischen 
den Gruppen wurde der t-Test für unabhängige Stichproben 
verwendet. Die Pearson-Korrelation und einfache lineare Re-
gressionsanalysen wurden verwendet, um Assoziationen zwis-
chen den Variablen zu bewerten bzw. Faktoren zu identifizier-
en, die das Schmerzempfinden beeinflussen.
Ergebnisse  Es konnten keine signifikanten Unterschiede in der 
muskulären Kraftfähigkeit des Kniegelenks, der Ausdauer der 
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Beuger- und Streckermuskeln und der Muskelkraft (Verhältnis 
Hamstring/Quadrizeps) zwischen der hohen und der niedrigen 
Gruppen festgestellt werden. Allerdings war das Verhältnis der 
Ausdauer der Beuger- und Streckermuskulatur des Knies in der 
hohen Gruppe signifikant geringer als in der niedrigen Gruppe. 
Zudem korrelierte die Schmerzintensität nur mit der Muskel-
ausdauer (Verhältnis Hamstring/Quadriceps). Der Wert auf der 
Schmerzskala stieg um 1. Außerdem sank das Verhältnis der 

Muskelausdauer der Beuge- und Streckmuskeln des Knies um 
3,07.
Schlussfolgerung Die Ausdauer (Hamstring/Quadrizeps-Ver-
hältnis) der Beuge- und Streckmuskeln, die basierend auf einer 
gängigen Schmerzskala eingeschätzt wurde, unterschied sich 
zwischen der hohen und der niedrigen Gruppe. Diese Ergeb-
nisse können bei der Entwicklung von Rehabilitations- und 
Trainingsprogrammen für Sportler im Handball oder ähnlichen 
Sportarten in Zukunft hilfreich sein.

Introduction
Handball is a team sport and one of the official Olympic events in 
which approximately 1.13 million teams from 180 countries world-
wide participate [1]. The Korean women's handball team currently 
has eight functional teams comprising 110 players [2]. Despite eco-
nomic hardship, the nation, as a powerhouse in handball, impro-
vises high-level training and team play to maintain the top position 
not only in Asia but also throughout the globe [3]. However, hand-
ball is associated with an extremely high injury incidence across all 
sports due to its rules and nature of the game necessitating intense 
physical contact with opponents, frequent running, and fast turn-
ing and cheating [4].

Sports injuries are sustained due to sports-related activities, 
such as training and different types of games. Consequently, play-
ers have to take breaks from sporting events for diagnosis and 
treatment [5]. In particular, sports injuries are crucial issues that 
cannot be overlooked by players because these injuries could  
adversely affect their performance and may also prematurely  
terminate their careers [6, 7]. Although sports medicine is a 
fast-growing field, most research in sports medicine revolves 
around epidemiological studies and treatment and rehabilitation 
from sports injuries [8–10]. However, to date, studies on preven-
tion of sports injuries are sparse.

According to Kim and Park [8], Korean elite female handball 
players sustain a high incidence of sports injuries to their knees due 
to operational patterns involved in the game, such as: swift attacks, 
quick turns, attacks using wing positions, and unstable landing 
after jumping. Knee injury and pain lead to reduced motor func-
tion and muscle strength [11], thereby necessitating the perfor-
mance of exercises as rehabilitative measures [11]. Bala et al. [12] 
emphasized the necessity for strengthening endurance of players 
because injury leads to reduced muscle endurance. However, to 
the best of our knowledge, no study has evaluated the direct effect 
of muscle strength on pain perception, and more research is need-
ed to fill a gap in this field. Therefore, this study was conducted 
among elite female handball players having knee injuries to evalua-
te the correlation between knee pain perception and knee muscle 
strength and muscle endurance. Similarly, we aimed to identify  
factors affecting perception of knee pain to develop rehabilitation 
and athletic programs among handball players to improve their 
performance in the future.

Methods

Study population
The study was conducted among elite female handball players 
aged  ≥ 18 years who participated in highlevel competitions and 
were trained at a training center from January 2019 to December 
2019. Players who had serious injuries that prevented them from 
participating in competitions and training were excluded from the 
study. The study was conducted in accordance with the Declara-
tion of Helsinki after obtaining an approval from the Institutional 
Review Board. All study participants provided informed consent. 
In total, 60 players with knee pain participated in the study after 
consulting sports medicine specialists (▶table 1).

Data collection
A pain scale (Numerical rating scale; NRS) was used to rate pain per-
ception from 0 (least) to 10 (highest) [13]. In addition, to compare 
muscle strength and endurance of the knees, peak torque and total 
work hamstring/quadriceps (H/Q) ratio of the knee were measured 
by the continental/concentric method using Computer Sports Med-
icine, INC (Cybex, HUMAC, USA). Elite female handball players were 
encouraged by their physical therapists to use their strengths to 
the fullest extent through pre-training at the time of assessment.

Operational definitions
Muscle strength and endurance were assessed, as previously de-
scribed in a study of dynamic muscle strength evaluation in elite 
players [14]. Muscle strength was measured five times at a load 
speed of 60 %. Muscle endurance was measured 20 times at a load 
speed of 180 %. The operating range of the knee was set from 0 ° 
to 90 °. The target activity was prevented by fixing the body and 
the pelvis in an X-shaped manner, with straps attached to the meas-
uring equipment over both shoulders. In addition, muscle strength 
was measured at first, followed by a fiveminute rest in the most 
comfortable position to recover from inorganic phosphoric acid 
(Pi) and force produced by muscle contraction [14]. The H/Q ratio 
of the flexor and extensor muscles of the knee was calculated as 
flexor muscles/extensor  ×  100.

Statistical analyses
The general characteristics of the players were analyzed using de-
scriptive statistics. An independent sample t-test was performed 
to compare the ratio of the flexor and extensor muscles (H/Q) of 
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the knee and muscle strength of the knee between the high and 
low groups. In addition, the Pearson's correlation and simple line-
ar regression analyses were used to assess associations among the 
variables and identify the factors affecting pain. All statistical ana
lyses were performed using SPSS version 26.0 for Windows, and all 
statistical significance levels were set at α = 0.05.

Results
The overall mean knee pain scale of elite female handball players 
was 4.57 (5.47 and 3.67 in the high and low groups, respectively). 
The knee flexor and extensor muscle (H/Q) ratio was 120.58 ± 17.31 
NM in the high group and 120.00 ± 11.06 NM in the low group. The 
knee extensor muscle strength was 222.83 ± 24.63 NM in the high 
group and 215.31 ± 23.17 NM in the low group, and the results of 
both the flexor and extensor muscles were similar between the 2 
groups (▶table 2). Muscle endurance of the knee flexor muscle 
was 86.08 ± 10.92 NM in the high group and 90.44 ± 10.02 NM in 
the low group. The endurance of the knee extensor muscle was 
147.25 ± 12.74 NM in the high group and 140.86 ± 17.98 NM in the 
low group, and the results of both the flexor and extensor muscles 
were similar between the 2 groups (▶table 2). Muscle strength 

ratio of the knee flexor and extensor muscle (H/Q ratio) was simi-
lar between the 2 groups (54.57 ± 8.81 and 56.22 ± 7.14 NM in the 
high and low groups, respectively) (▶table 2). However, the ratio 
of muscle endurance of the flexor and extensor of the knee in the 
high group was significantly lower than that in the low group 
(58.56 ± 6.70 vs. 64.66 ± 6.58 NM; p = 0.001) (▶table 2). The pain 
perception (pain scale) correlated only with the muscle endurance 
ratio of the knee flexor and extensor muscles (▶table 3). The pain 
scale reading increased by 1. The muscle endurance ratio of the flexor 
and extensor muscles of the knee decreased by 3.07 (▶table 4).

Discussion
Sports injury is an important issue that needs to be considered for 
improving performance and maintaining regular sports activity [6]. 
Handball players have a high incidence of sports injury to their 
knees [14]. Therefore, it is important to identify factors directly af-
fecting perception of knee pain. We aimed to identify factors af-
fecting this perception of knee pain among handball players and 
generate data necessary to develop rehabilitation programs to im-
prove performance in these players in the future.

In this study, no significant differences in knee muscle strength, 
endurance of both the flexor and extensor muscles, and muscle 
strength (H/Q ratio) were noted between the high and low groups. 
However, the ratio of muscle endurance of the flexor and extensor 
of the knee in the high group was significantly lower than that in 
the low group. The perception of pain did not correlate with mus-
cle strength of the flexor and extensor muscles of the knee. In gen-
eral, knee injury and diminished motor function led to pain and 
muscle weakness [11], which further resulted in reduced muscle 
endurance [12]. However, it is unclear whether assessment of mus-
cle strength and endurance could accurately predict the risk of knee 
injury and pain, as well as degradation of motor functions [15].Of 
note, there are some differences between the results of this study 
and those of previous ones [11, 12]. The possibility that muscle 

▶table 1 General characteristics of the participants.

mean sD

Age (years) 28.54 3.46

Player career (years) 16.71 3.44

Height (cm) 167.7 4.71

Weight (kg)  60.2 5.02 

SD: standard deviation.

▶table 2  Differences in muscle power and muscle endurance between the 2 groups.

mean sD f p-value

Flexor of 60 % High group 120.58 17.32 8.694 0.878

Low group 120 11.06

Extensor of 60 % High group 222.83 24.63 0.422 0.229

Low group 215.32 23.17

Flexor of 180 % High group 86.08 10.92 0.123 0.122

Low group 90.44 10.02

Extensor of 180 % High group 147.25 12.74 14.184 0.118

Low group 140.86 17.98

H/Q Ratio 60 % High group 54.57 8.81 2.073 0.431

Low group 56.22 7.14

H/Q Ratio 180 % High group 58.57 6.7 0.897 0.001

Low group 64.66 6.58 

H/Q Ratio: hamstring/quadriceps ratio; SD: standard deviation.
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strength was similar irrespective of the living environment and po-
sition [14] could not be excluded. Sward et al. [16] demonstrated 
that different factors, such as muscle and motor functions, could 
influence the biomechanical and neuromuscular functions of the 
knee. In addition, Ardern et al. [17] found that players were resum-
ing sports activities after regaining 90 % of the knee flexor and ex-
tensor muscle strength of their uninjured knees because the crite-
ria for determining their resumption of sports activities after sur-
gery and rehabilitation were not standardized. Meanwhile, 
Angelozzi et al. [18] showed that knee injuries initially led to weak-
ened muscle strength and muscle endurance. However, most inju-
ries recover within 12 months. This probably explains why muscle 
strength and endurance of the knee flexor and extensor muscles 
were similar between the 2 groups in our study.

The 2 groups were similar in terms of muscle strength ratio of 
the flexor and extensor muscles of the knee. The perception of pain 
did not correlate with muscle strength of the flexor and extensor 
muscles of the knee. Although it is difficult to generalize, the ave
rage H/Q ratio was 50 − 80 % [19]. The proportion of the flexor and 
extensor muscles in the knee is  < 60 %, which increases the risk of 
pain and sports injury [20]. This is because the flexor and extensor 
muscles of the knee act as the main and antagonistic muscles of 
each other and affect knee stability [19]. Accordingly, sports pro-
grams, such as the Nordic hamstring and FIFA 11 + , have been de-
veloped to strengthen the flexor muscles of the knee [20]. Howev-
er, in this study, the muscle strength ratio of the knee flexor and 

extensor muscle (H/Q ratio) was similar between the 2 groups 
(54.57 ± 8.81 and 56.22 ± 7.14 NM in the high and low groups, re-
spectively). These results contradict those of a few previous stu-
dies. According to a few recent studies [21, 22], the muscle strength 
ratio of the flexor and extensor muscles in the knee does not affect 
the risk of knee pain and sports injury. This difference is attributed 
to the biomechanical differences in structure between men and 
women [23].

Fujita et al. [21] and Kellis et al. [22] included only female par-
ticipants in their studies. However, a few other studies [19, 20] re-
cruited both genders. In general, women have genu recurvatum 
more frequently common than do men, and the quadriceps angles 
are also different between men and women [24]. In addition, inju-
ry to one knee can affect the other due to various factors [16]. Mus-
cle strength and endurance can be recovered after most of the knee 
injuries [18].

In this study, a significant difference was observed between the 
2 groups in terms of the muscle endurance ratio of the flexor and 
extensor muscles of the knees. In addition, the correlation analysis 
also showed that the pain scale correlated with the ratio of muscle 
endurance of the flexor and extensor muscles of the knee. The pain 
scale reading increased by 1, and the muscle endurance ratio of the 
flexor and extensor muscles of the knee decreased by 3.07. Fouse-
kis et al. [25] emphasized the strength of the knee flexor muscle 
because an imbalance of the knee flexor muscle could have a harm-
ful effect. This implies that muscle endurance of the knee flexor 

▶table 3 Correlation between pain perception (pain scale) and knee muscle strength and muscle endurance.

Pain scale flexor of 
60 %

extensor of 
60 %

flexor of 
180 %

extensor of 
180 %

H/Q ratio 
60 %

H/Q ratio 
180 %

Pain scale 1 – – – – – –

Flexor of 60 %  − 0.135 1 – – – – –

Extensor of 
60 %

 − 0.112 0.298 1 – – – –

Flexor of 180 %  − 0.34 0.817 ** 0.21 1 – – –

Extensor of 
180 %

0.099 0.510 ** 0.647 ** 0.501 ** 1 – –

H/Q ratio 60 % 0.012 0.611 **  − 0.561 ** 0.539 **  − 0.087 1 –

H/Q ratio 180 %  − 0.436 * 0.358  − 0.402 * 0.551 **  − 0.441 * 0.648 ** 1

H/Q ratio: hamstring/quadriceps ratio,  * p < 0.05,  ** p < 0.01.

▶table 4 Simple linear regression analysis between pain scale scores and hamstring/quadriceps (H/Q) ratio of 180 %.

b standard error beta t p-value

Constant 75.644 5.607 – 13.491 0.001

Pain scale  − 3.072 1.198  − 0.436  − 2.564 0.016

Dependent variable: hamstring/quadriceps ratio of 180 %.
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muscle facilitates an increased functional ability to stabilize the 
knee. In addition, Bala et al. [12] reported that increased muscle 
endurance not only improves the metabolic capacity but also aug-
ments functions, movement, and oxidation capacity of the mus-
cles. Therefore, apart from muscle endurance of the knee and mus-
cle strength of the degenerating muscles, the H/Q ratio also signi-
fies muscle strength and is related to pain perception. Aginsky et 
al. [26] reported that higher muscle strength of the extensor and 
muscle endurance of the flexor is proportional to the knee stabili-
ty. Meanwhile, Haghighi et al. [27] reported that in addition to func-
tional training, the Kinesio Taping could also help improve balance 
and functional performance. However, their study did not expli citly 
refer to competitive athletes. Therefore, further studies are needed to 
assess this issue.

It is pertinent to discuss some strengths and limitations to this 
study. In our study, many players were closely monitored for a year. 
The knee injuries that were sustained at the training facility were 
reported and processed within the site facility for consistent data 
collection. Concerning the limitation, our research considered the 
impact of the pain scale, disregarding severity of injuries and their 
mechanisms. Therefore, muscle changes due to severity of injury 
and mechanism were not elucidated. Long periods of rest without 
training could lead to atrophy. However, players who were serious-
ly injured could not participate in competitions and training were 
excluded from the study to ensure data consistency. Therefore, fur-
ther studies should be conducted to evaluate muscle strength re-
garding severity and mechanism of injury.

Conclusions
No significant differences in knee muscle strength, muscle endu
rance of both the flexor and extensor muscles, and muscle strength 
of the H/Q ratio were noted between the high and low groups. 
However, the ratio of muscle endurance of the flexor and extensor 
of the knee in the high group was significantly lower than that in 
the low group. Furthermore, the perception of pain correlated only 
with muscle endurance (H/Q ratio). The study results would be of 
significant benefit to handball players and basketball and soccer 
players. Furthermore, these results could help generate data nec-
essary to develop rehabilitation programs for improving perfor-
mance in these players in the future.
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