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Abstract

Purpose Since the use of normalized isokinetic strength was recently proposed to analyze sportive performance, it was aimed
to examine relative isokinetic muscle strength as well as absolute strength in jump performance. Secondly, the investigation
of the relationship between extremity-based and inter-extremity strength asymmetry and selected jump tasks was aimed.
Methods Thirty female professional volleyball players (23.70+5.27 years) who has at least four training sessions per week
participated to study during the pre-season period Peak torque (PT) of knee flexors and extensors at the speed of 60°/s and
180°/s were evaluated using isokinetic dynamometer. Jump height (cm) and relative power (W/kg) of vertical countermove-
ment jump (CMJ) and squat jump (SJ) were tested by optojump photoelectric system.

Results A positive moderate correlation between PT and relative PT(rPT) at both speeds with jump height was detected
(r=0.365-0.594). It was found that jump power had a positive moderate to good correlation with PT(r=0.557-0.731) and
low to moderate correlation with rPT (r=0.314-0.601). No significant correlation was found between hamstring/quadriceps
ratio and bilateral muscle asymmetry with jump parameters (p > 0.05).

Conclusions Due to the relatively low level of relationship between normalized strength and performance, we suggest car-
rying out further studies examining the effects of normalized parameters on performance. Considering the findings based
on strength asymmetry, the coordinated action of the relevant muscles may come to the forefront during the performance,
rather than muscle strength.
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Introduction

In the sport of volleyball, muscle strength and jumping per-
formance appear to be the most essential parameters that
provide an advantage during competition besides technical
and tactical skills [1]. The performance of professional vol-
leyball players is related to especially their jumping ability
during the game [2] and it is clearly detected that better jump
performance improves attack efficiency [3]. In the vertical
jump performance, appropriate mechanical energy transfers
between the lower limb joints could be acquired through
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coordinated muscle movements and results in skilled move-
ment and higher displacement [4]. Jump height is one of the
most frequently used parameters in terms of evaluating jump
performance in volleyball players and other athletes [5-9].
Vertical countermovement jump (CMJ) and squat jump (SJ)
are frequently used tests to measure jumping performance
in volleyball [10]. CMI is used for measuring lower body
reactive strength/power, while SJ is used for assessing lower
body concentric strength/power [11].

Muscle strength constitutes an important parameter
for power development of jumping, and in parallel the
strength training characteristics are recently considered
as important factors influencing the match performance in
elite volleyball [12]. Especially, the increase in knee flexor
and extensor muscular strength has been shown associated
with the improvement of jumping performance [13, 14].
In this direction, isokinetic strength testing and training
of muscles around the knee joint in team sports such as
volleyball is of a decisive importance for training purposes
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and rehabilitation [15].The generated torque capacity of
the muscles during specific joint movements is used to
assess dynamic muscle function and performance by using
isokinetic muscle dynamometers. This method especially
allows getting more detailed information to identify the
strength imbalances between oppositional muscles or
strength asymmetries between the lower extremities
which may possibly affect the quality of sports perfor-
mance [16]. Contradictory results on association of the
knee extensor and flexor strength at various levels of speed
and jumping performance in different sports have been
reported [17-21]. Absolute muscle strength was mostly
defined as “directly measured exerted force or torque as
a measure of strength” [22]. Athletic or functional move-
ment performance assessed by testing muscle strength
could frequently not be interpreted correctly due to the
effect of body size [23]. Thus, because of the relation
between absolute muscle strength and indices of body
dimensions, normalized or, relative in other words, muscle
strength has been recently using to assess athlete’s strength
as a physical ability independent of body dimensions [23].
Peak torque (PT) which is also labelled as isokinetic mus-
cle strength has been widely studied, whereas there are a
limited number of studies researching the relative peak
torque (rPT) which is a normalized form of the absolute
muscle strength with the body mass, in various team
sports, such as soccer or handball, except of volleyball [5,
7, 24]. Gonzalez-Rave et al. determined a positive associa-
tion between jump height and relative muscle strength of
muscles controlling knee joint in the handball players [7].
Similar findings were also reported for the soccer players
in two different research [24].

In addition to isokinetic strength, the relationship
between muscle asymmetry defined as Hamstring/Quadri-
ceps (H/Q) ratio” (by dividing concentric strength of the
oppositional muscles around the knee) [16] and bilateral
asymmetry (the strength ratio of PT on dominant side to
PT on non-dominant side) [4] and jump performance has
been recently investigated [2, 9]. Schons et al. reported that
the higher H/Q ratio between knee extensors in relation to
the flexors was associated with greater mechanical power
in CMIJ for male volleyball players [2]. Strength balance
around the knee rather than isolated strength of a muscle
or muscle groups is a parameter to examine the functional
ability and joint stability during velocity-dependent spor-
tive movements [25]. In addition, side-to-side strength
imbalance has been considered as a possible risk factor
for sports injuries [26]. In this perspective, the strength
imbalance of opposite knee joint muscles and strength
asymmetry between extremities have been analyzed in
limited number of studies including especially soccer
players [2, 9]. To the best of our knowledge, any research
regarding the relationship between extremity-based and
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inter-extremity strength asymmetry and SJ task used fre-
quently by volleyball players has yet to be reported.

As stated above, since the analysis of relative muscle
strength in different jump performances in volleyball players
was recently proposed to analyze for sportive performance,
and has not been adequately investigated in the literature,
the primary aim of the study was to examine the associa-
tion between absolute and relative muscle strength on jump
performance in volleyball players. We secondly hypoth-
esized that extremity-based and inter-extremity kneeflexor
and extensor strength imbalances are related to diminished
vertical jump performance. Therefore, the research questions
of the present study were whether PT and rPT of muscles
controlling the knee movements at lower (60°/s) and higher
(180°s) speed levels and extremity-based and inter-extrem-
ity strength asymmetry which are currently being investi-
gated in terms of sport-related performance, are associated
to vertical jump performance such as tasks of CMJ and SJ.

Materials and methods
Study design

A cross-sectional and correlational design was carried out
to analyze the association between knee muscular strength
(PT and rPT) and muscular symmetry (extremity-based and
inter-extremity) tested by isokinetic dynamometer, and the
jump performance assessed by vertical jumping tests in pro-
fessional female volleyball players.

Participants

Thirty female professional volleyball players compet-
ing in the national volleyball league who were in the pre-
season period participated in the study. The mean and
standard deviation of age, body weight and height of the
participants were 23.70 +5.27 years old, 68.14 +6.92 kg,
and 178.67 +7.16 cm, respectively. Elite female volleyball
players who train four or more days a week and play vol-
leyball for a minimum 4 of years were included in the study.
Athletes who had to cease training due to any type of lower
extremity injury in the last 6 months were excluded from
the study.

Procedure

The tests were conducted over 2 consecutive days. The tests
were performed at an athletic health and performance center.
Demographic features were recorded, and isokinetic muscle
strength test was performed on consecutive days.
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Isokinetic muscle strength test

The participants were instructed to warm up for approxi-
mately 5 min which includes 2 min of jogging and approxi-
mately 3 min of dynamic stretching exercises including
major lower extremity muscles before the isokinetic muscle
strength test. Each exercise was performed for two sets and
maintained for 10 s.

A Cybex isokinetic dynamometer (CSMI Humac Norm,
Massachusetts, USA) was used to assess isokinetic muscle
strength. After the warm-up period, the participants were
positioned in a sitting position with the 90° hip flexion and
the knee angle was permitted from 90 degree flexion and O
degree extension on the Cybex’s chair [27]. The widest part
of the chest and femoral distal 1/ 3 area of the participants
were strapped with belts to achieve stabilization and avoid
any undesirable movements [5]. The alignment between the
lateral femoral condyle of the tested limb and the center of
the dynamometer was ensured. The limb weight was cor-
rected at 0 degree to eliminate the gravity effect [18].

The isokinetic strength test was performed at two differ-
ent angular speeds, 60°/s and 180°/s, and concentric mus-
cle strength was measured on both sides [20]. The muscle
strength of quadriceps femoris and the hamstrings were
defined as the knee extensor strength, and the knee flexor
muscle strength, respectively [16]. Furthermore, the peak
torque (PT) values were defined as the maximum torque
values of both knee flexor and extensor muscle contraction.
The participants were asked to rest for 30 s for achieving
recovery after the warm-up period and performed three
repetitions of submaximal trials for familiarisation before
each test. Considering the test procedures of related similar
studies, maximum values of 8 repetitions at 60°/s and 12
repetitions at 180°s with 45-s intervals between each speed
of execution were recorded [2, 16, 28]. In addition, partici-
pants were encouraged verbally to perform the test with the
maximum possible force and speed during the test (Fig. 1).

Relative peak torque (RPT) was calculated by dividing
concentric PT of knee flexors or extensors to body mass in
order to normalize the muscle strength [9].

After PT of knee extensors and knee flexors muscles
were obtained by an isokinetic dynamometer at two angu-
lar speeds (60°/s and 180°/s), H/Q (Hamstring/ Quadri-
ceps) ratio and bilateral asymmetry were calculated by the
recorded PT values.

H/Q ratio was calculated by dividing concentric PT of
knee flexors to concentric PT of knee extensors of the same
leg and multiply the ratio with 100, as shown it formally:
H/Q ratio” (%)= (PT of Hamstring Muscle/PT of Quadri-
ceps Muscle) x 100 [2].

Bilateral asymmetry was defined the ratio of muscle
PT in dominant extremity to muscle PT in non-dominant
extremity. The bilateral asymmetry for knee flexors and knee

Fig. 1 Isokinetic testing procedure

extensors were calculated separately by using that calcula-
tion method [2].

Vertical jump tests

The relative power and height in the CMJ and SJ were cal-
culated by the ground reaction force curves reported by an
optojump photoelectric system. (Microgate, Bolzano, Italy)
which has almost perfect reliability and has been found good
correlation with force platforms for the flight time evaluation
[29]. The area where the participants perform their usual
training was chosen to set up the jumping platform.

The participants were instructed to warm up for approxi-
mately 5 min before the testing procedure. The warm-up
protocol was exactly the same as we used in isokinetic mus-
cle strength testing. Subsequent to the warm-up period, the
participants were placed in the center of optojump bars and
asked to perform the test in two different jumping types,
CM]J and SJ [6]. After familiarisation trials, each partici-
pant performed three attempts in both tests. Thirty seconds
intervals were given between each repetition. The optojump
bars connected to the computer and data were recorded in a
virtual platform with Microgate Software version 3.01. The
highest jump height was recorded for both tasks [30].

For CMIJ testing, the participant was asked to stand on
the platform with hands on the hips. The auditory cue was
given, and the participant performed a quick hip and knee
flexion (approximately 90 degree) and instantly extended
these joints in order to achieve the highest jump possible
[31]. For SJ testing, participant was asked to squat with 90
degree knee flexion with hands on the hips [6]. The auditory
cue was given and the participant was requested to jump
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as much as possible while extending the knee joints fully
[5]. The flight time started after the participant jumped and
stopped when stepped onto the platform. CMJ and SJ tests
are detected as reliable tests to determine vertical jump per-
formance (Intraclass correlation > 0.95, coefficient of vari-
ation< 1%) [31].

Statistical analysis

The data of this study were analyzed by using the IBM SPSS
Statistics for Windows, Version 21 (IBM Corp., Armonk,
NY, USA). Descriptive statistics were reported as mean,
standard deviation, minimum and maximum values. The
data presented normality according to the Shapiro—Wilk test.
The Pearson correlation coefficient was used to determine
the relationship between the H/Q ratio, bilateral asymmetry,
RPT and CMJ and SJ values. Alpha level was chosen as
0.01 for statistical significance. As the absolute value of the
correlation coefficient, r=0 was considered null, between
0 and 0.3 low, 0.3 and 0.6 moderate, 0.6 and 0.9 good, 0.9
and 1 excellent [32].

Results

PT and relative PT values of knee flexor and extensor mus-
cles at the speeds of at 60°/s and 180°/s obtained by isoki-
netic dynamometry test were shown by separating dominant
and non-dominant sides in Table 1.

Table 1 Peak torque of flexor and extensor muscle’ at 60°s and
180°/s angular speeds

The H/Q ratio and bilateral muscle asymmetry parameters
of extremity-based and between extremities calculated for
angular speeds of 60°/s and 180°s are presented in Table 2.

Table 3 shows the values referring to the correlation
analyses between knee muscles’ PT and rPT at 60°/s and
180°/s angular speeds and jump height and relative power
of CMIJ and SJ tasks. It was determined a positive moderate
correlation between the knee flexor and extensor muscle’s
PT and rPT at both speeds of 60°/s and 180 °/s with CMJ and
SJ height (r=0.365-0.594). When analyzing the correlation
between jump power and muscle strength, it was found that
jump power had a positive moderate to good correlation with
PT (r=0.557-0.731) and low to moderate correlation with
rPT (r=0.314-0.601, Table 3).

No significant correlations were found between H/Q ratio
and bilateral asymmetry values with CMJ and SJ height and
relative power (p >0.05, Table 4).

Discussion

In the present study, it was investigated whether there is any
association between absolute and relative muscle strength
controlling knee joint and the vertical jump performance.
In addition, it was aimed to analyse the association between
extremity-based and inter-extremity muscle strength asym-
metry and vertical jump performance in elite female volley-
ball players. A positive moderate correlation was detected
between the knee flexor and extensor muscle’s absolute and

Table 2 Extremity-based and inter-extremity strength and jump task
parameters

Dominant Side Non-dominant Side Mean +SD Minimum-Maximum
Mean +SD Min-Max Mean+SD Min-Max H/Q ratio (%)
Peak torque (N.m) D 60%s 51.38 +5.67 41.0-61.6
Extensor 183.90+28.96 120-236 182.13+27.17 123-225 ND 60°/s S2.57+5.72  40.6-67.2
60°/s D 180%s 56.81 +6.62 422-72.2
Flexor 94.40+17.91 63-133 95.47+16.17 64-129 ND 180°%s 60.68+7.54 44.4-73.7
60°/s Bilateral asymmetry
Extensor 133.43+21.50 82-175  130.90+21.40 90-175 Extensor 60°/s 6.45+4.65 0-18.7
180°/s Flexor 60°s 6.50+5.39 0-22.6
Flexor 7586i 15.65 43-117 7843i 14.12 54-103 Extensor 180°/s 6.31 i422 0-17.1
& 11 8,0 /s . Nk Flexor 180%s 9.08+6.53 0-24.7
Zauve - m;q;l 1e \ 0216 . 2.1-3.5 2684037 1.9-35 fump height (cm)
’:gflfor S ED A 08 £0. 7 cMJ 27864297  22.1-342
Flexor 1394020 1.0-18 1394017  1.0-17 5 27.34£2.95 224329
60°s Relative power (W/kg)
Extensor 1954028 1.3-25 1924028 1.5-2.6 CcMJ 40.57£2.46 45.5-36.8
180°%/s SJ 40.14+2.61 44.6-34.3
Flexor 1.10+£0.18 0.7-1.5 1.15£0.13  09-14 ] , ] ]
180%s H Hamstring, Q Quadriceps, D Dominant, ND Nondominant, CMJ
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Table 3 Correlation analyses

’ CM]J height (cm) SJ height (cm) CM]J power SJ power (W/kg)
between peak torque and jump (Wikg)
task parameters
Peak torque (N.m)
Extensor D 60°/s 0.452% 0.594* 0.623%* 0.731%*
Extensor ND 60°s 0.494%* 0.586%* 0.639%* 0.692%*
Flexor D 60°%s 0.402 0.529%* 0.616* 0.702%*
Flexor ND 60°/s 0.434 0.505* 0.667* 0.697*
Extensor D 180°s 0.429* 0.542%* 0.574* 0.653*
Extensor ND 180°/s 0.545%* 0.585* 0.671* 0.680*
Flexor D 180°/s 0.374 0.421 0.557* 0.574*
Flexor ND 180°s 0.365 0.440 0.592%* 0.638*
Relative peak torque (N.m/kg)
Extensor D 60°/s 0.484* 0.552%* 0.389 0.445
Extensor ND 60°%s 0.511%* 0.492%* 0.381 0.347
Flexor D 60°%s 0.427 0.444 0.314 0.321
Flexor ND 60°/s 0.541%* 0.516* 0.403 0.369
Extensor D 180°s 0.497* 0.580%* 0.525%* 0.577*
Extensor ND 180°/s 0.577* 0.559* 0.601* 0.550
Flexor D 180°/s 0.447 0.387 0.457 0.385
Flexor ND 180°s 0.412 0.435 0.453 0.456
CMJ Countermovement Jump, SJ Squat Jump, D Dominant, ND Nondominant
*Correlation is significant at the 0.01 level
Table 4 Correla.tion analyses CM1 height (cm) SJ height (cm) CMJ power (W/kg) SJ power (W/kg)
between extremity-based and
inter-extremity strength and H/Q ratio (%)
jump task parameters D 60%s 0.071 0.068 0.175 0.151
ND 60°s 0.017 —0.005 0.178 0.147
D 180°%s 0.089 0.004 0.209 0.116
ND 180°s —0.204 —0.148 —0.058 <.001
Bilateral asymmetry
Extensor 60°s 0.112 —0.038 0.025 - 0.127
Flexor 60°s 0.173 0.013 0.125 —0.033
Extensor 180°/s —0.246 —0.253 —0.244 —0.209
Flexor 180%s 0.049 —0.029 .054 0.001

H Hamstring, Q Quadriceps, D Dominant, ND Nondominant, CMJ Countermovement Jump, SJ Squat

Jump

relative muscle strength at both speeds of 60°s and 180°/s
with CMJ and SJ height. When examining the association
between isokinetic muscle strength and jump power, it was
found that absolute strength had a positive moderate to good
correlation with jump power at both speeds, while relative
strength generally had a positive low-to-moderate correla-
tion with jump power. In addition, there was no statistically
association between extremity-based and inter-extremity
muscle strength balance at the related speeds and vertical
jump performance parameters.

The correlation between isokinetic absolute muscle
strength and jump height in athletes has been previously

researched and a positive relationship has been detected [5,
8]. In recent years, the normalized form of absolute strength
has been used in research procedures, because muscle
strength is often positively correlated with various body size
indices, such as body mass [33]. It has been recommended
that muscle strength analyses made in this framework can
provide more reliable and detailed information about the
association between strength-specific properties and perfor-
mance [23, 34]. Unlike previous studies, our study, which
examined rPT beside PT, showed that both muscle strength
parameters in two different speed levels had a similar level
of positive association with performance height of volleyball
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players. Although some studies shown that relative mus-
cle strength related to jump task performance in basketball,
soccer and handball players [7, 24, 35], to our knowledge,
this study is the first study researched in volleyball players.
Similar to our study, a positive association between CMJ
height and relative muscle strength of muscles controlling
knee joint in athletes from other sports [7, 24]. Lehance et al.
showed similar findings for the SJ task in soccer players [5].

Considering the jump power and isokinetic muscle
strength, absolute and relative muscle strength at the speed
of 60°/s and 180°/s were found to be correlated with CMJ
and SJ relative power by different correlation levels in both
sides. Frequently, PT was examined in terms of jump power
and conflicting results were reported [2, 7, 21, 27]. In some
studies, an association was determined between knee exten-
sors absolute muscle strength and CMJ relative power at the
speed of 180%s, particularly [2, 21]. Piisuke et al. reported a
higher level of correlation between knee extension absolute
strength measured at 60%s and 180°s and jumping perfor-
mance [27]. Oppositely, Ganzolez et al. did not find any
correlation between absolute isokinetic strength at the speed
of 60°s and 180°s and CMJ power for handball players [7].
In addition to the literature, when comparing the effects
of absolute and relative strength on jump performance at
fast and slow angular speed, it was remarkable that relative
strength has a lower level of correlation with jump power,
compared to the correlation level between absolute strength
and jump power. This result reminds us that when the effect
of body parts is eliminated, the association between strength
and jump performance may be relatively less, and muscle
coordination may be the priority. While the findings in
the case where the body demission effect is removed are
thought-provoking in terms of jumping power, there is no
such difference in terms of jumping height.

Our second hypothesis was that whether the muscle
strength asymmetry around the knee joint and between
extremities are related with vertical jump performance or
not. In this study, there was no association found between
extremity-based (Hamstring / Quadriceps femoris) and two
different jump tasks (CMJ and SJ). Similar to our findings,
Schons et al. found no significant association between the
knee muscles strength imbalance at 60°/s and 180°/s angular
speeds and CMJ power of 11 elite male volleyball players
[2]. However, it was also reported a moderate correlation
between the extremity-based knee muscle strength asym-
metry at 3007/s angular speed and the vertical jump per-
formance in the same study [2]. Recently, extremity-based
strength asymmetry around knee at 60°/s and 180°/s angular
speed were shown positively related to CMJ height and CMJ
power in the volleyball and soccer players, opposite to our
findings [8, 9]. Although the number of studies is limited,
the fact that the available findings were reported differently
may be due to the fact that athletes from different sports
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branches were evaluated. Considering the research specific
to volleyball players, since the jumping activity is a fast and
frequently used task in volleyball, the strength asymmetry
at high speeds would be further investigated to clarify this
gap in the literature.

Strength imbalances in the lower extremities can nega-
tively affect the jumping ability and performance of the vol-
leyball players because of the importance of muscle strength
for the power generation in the related task [2]. In addition
to isokinetic testing of isolated knee muscle groups of each
limb, inter-extremity strength asymmetry (Dominant/Non-
dominant), a parameter that has been researched in sportive
activities recently, was detected not associated with jump
performance of volleyball players. Similarly, bilateral asym-
metry was evaluated with the same jump tests in physically
active individuals and volleyball players and it was con-
cluded that no association between those parameters previ-
ously [8, 36]. Cengizel et al. investigated the association
between inter-extremity balance asymmetry and isokinetic
strength in volleyball players [28]. Although it was hypoth-
esized that the strength asymmetry may have a negative
effect on jump performance in the present study, interpret-
ing the findings with a limited number of studies have shown
that the coordinated action of the relevant muscles comes to
the forefront during the performance [11], rather than the
strength differences between the extremities. However, the
small number of similar studies makes it difficult to interpret
and draw conclusions. We suggest examining and comparing
the effects of similar parameters on performance in different
sports branches in further studies.

This study has a number of limitations that should be
acknowledged. One of the limitations was that the isokinetic
muscle strength at higher angular speeds was not investi-
gated in more detail in order to examine the factors affecting
the jumping activity that occurs rapidly in volleyball. The
second limitation is that due to the limited number of sub-
jects, the evaluated volleyball players could not be analyzed
by separating them according to the position they play which
may have affected the finding of research. In addition, the
period in which players are evaluated may also constitute
another limitation since the possibility of impacting perfor-
mance of the player.

Conclusions

The results of the present study have shown that relative
muscle strength besides absolute strength had a similar level
of positive association with jumping height of volleyball
players. Secondly, relative power of jump performance was
associated to absolute (moderate to good) and relative (low
to moderate) PT of muscles controlling the knee (for the
angular speeds of 60°s and 180°s) for female volleyball
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players. Due to the relatively low level of association
between relative strength and performance, we suggest car-
rying out further studies examining the effects of normalized
parameters on performance in volleyball players. Addition-
ally, it was detected that extremity-based and inter-extremity
strength asymmetry for both higher and lower angular speed
were not associated with vertical jump height and power of
athletes playing volleyball. Although it was hypothesized
that extremity-based and inter-extremity strength asymmetry
would affect the jump performance, the findings showed that
strength differences has not reflected to jump tasks, possibly
due to the coordinated action of the relevant muscles during
the performance, which may be considered in sports medi-
cine and rehabilitation.

Acknowledgements The authors would like to thank all the volleyball
players who took the time to complete the testing procedure.

Author contributions B.A. collected the data prepared for the statistical
analysis.B.O. analyzed the data.B.A. and B.O. prepared tables.B.A.,
B.A. and B.O. wrote the main manuscript textM.G.P. supervised the
research team during all steps.All authors edited and reviewed the
manuscript.

Data availability Data sharing not applicable to this article as no data-
sets were generated or analysed during the current study.

Declarations

Conflict of interest The authors declared no potential conflicts of inter-
est with respect to the research, authorship, and/or publication of this
article.

Human and animal rights Ethical approval was obtained from the Ethi-
cal Committee of Marmara University Health Science Faculty (protocol
number: 24.09.2020/56).

Informed consent Informed consent was obtained from all individual
participants included in the study.

References

1. Marques MA, Gonzalez-Badillo JJ, Kluka DA (2006) In-sea-
son resistance training for professional male volleyball players.
Strength Cond J 28(6):16-27

2. Schons P, Da Rosa RG, Fischer G et al (2019) The relationship
between strength asymmetries and jumping performance in pro-
fessional volleyball players. Sports Biomech. 18(5):515-526.
https://doi.org/10.1080/14763141.2018.1435712

3. Challoumas D, Artemiou A (2018) Predictors of attack perfor-
mance in high-level male volleyball players. Int J Sports Phys-
iol Perform 13(9):1230-1236. https://doi.org/10.1123/ijspp.
2018-0125

4. Impellizzeri FM, Rampinini E, Maffiuletti N et al (2007) A verti-
cal jump force test for assessing bilateral strength asymmetry in
athletes. MSSE. 39(11):2044-2050. https://doi.org/10.1249/mss.
0b013e31814fb55¢

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

Lehance C, Binet J, Bury T et al (2009) Muscular strength, func-
tional performances and injury risk in professional and junior elite
soccer players. Scand J Med Sci Sports 19(2):243-251. https://doi.
org/10.1111/j.1600-0838.2008.00780.x

Bosco C, Mognoni P, Luhtanen P (1983) Relationship between
isokinetic performance and ballistic movement. Eur J Appl Phys-
iol 51(3):357-364. https://doi.org/10.1007/BF00429072
Gonzalez-Rave JM, Juarez D, Rubio-Arias JA et al (2014) Isoki-
netic leg strength and power in elite handball players. ] Hum
Kinet 41:227-233. https://doi.org/10.2478/hukin-2014-0050
Soylu C, Altundag E, Akar¢esme C et al (2020) The relationship
between isokinetic knee flexion and extension muscle strength,
jump performance, dynamic balance and injury risk in female
volleyball players. JHSE. 15(3):502-514. https://doi.org/10.
14198/jhse.2020.153.03

Struzik A, Pietraszewski B (2019) Relationships between Ham-
strings-to-quadriceps ratio and variables describing counter-
movement and drop jumps. Appl Bionics Biomech. https://doi.
org/10.1155/2019/4505481

Riggs MP, Sheppard JM (2009) The relative importance of
strength and power qualities to vertical jump height of elite
beach volleyball players during the counter-movement and squat
jump. JHSE. 4(3):221-236. https://doi.org/10.4100/jhse.2009.
43.04

Newton RU, Rogers RA, Volek JS et al (2006) Four weeks of
optimal load ballistic resistance training at the end of season
attenuates declining jump performance of women volleyball
players. J Strength Cond Res 20(4):955-961. https://doi.org/
10.1519/r-5050502x.1

de Leeuw A-W, van Baar R, Knobbe A et al (2022) Mode-
ling match performance in elite volleyball players: impor-
tance of jump load and strength training characteristics. Sens
22(20):7996. https://doi.org/10.3390/5s22207996

. De Ruiter CJ, Vermeulen G, Toussaint HM et al (2007) Iso-

metric knee-extensor torque development and jump height in
volleyball players. MSSE. 39(8):1336—1346. https://doi.org/10.
1097/mss.0b013e318063c719

Aagaard P, Simonsen EB, Magnusson SP et al (1998) A new
concept for isokinetic hamstring: quadriceps muscle strength
ratio. Am J Sports Med 26(2):231-237. https://doi.org/10.1177/
03635465980260021201

Dervisevi¢ E, Hadzi¢ V (2012) Quadriceps and hamstrings
strength in team sports: basketball, football and volleyball. IES
20(4):293-300. https://doi.org/10.3233/IES-2012-00483
Bamac B, Colak T, Ozbek A et al (2008) Isokinetic perfor-
mance in Elite volleyball and basketball players. Kinesiology
40(2):182-188

Yapici A, Findikoglu G, Dundar U (2016) Do isokinetic angular
velocity and contraction types affect the predictors of different
anaerobic power tests? J Sports Med Phys Fitness 56(4):383—
391 (PMID: 25410575)

lTossifidou A, Baltzopoulos V, Giakas G (2005) Isokinetic knee
extension and vertical jumping: are they related? J Sports Sci
23(10):1121-1127. https://doi.org/10.1080/026404105001281
89

Malliou P, Ispirlidis I, Beneka A et al (2003) Vertical jump and
knee extensors isokinetic performance in professional soccer play-
ers related to the phase of the training period. IES 11(3):165-169.
https://doi.org/10.3233/IES-2003-0144

Ostenberg A, Roos E, Ekdahl C et al (1998) Isokinetic knee exten-
sor strength and functional performance in healthy female soccer
players. Scand J Med Sci Sports 8(5):257-264. https://doi.org/10.
1111/5.1600-0838.1998.tb00480.x

Genuario SE, Dolgener FA (1980) The relationship of isokinetic
torque at two speeds to the vertical jump. Res Q Exerc Sport
51(4):593-598. https://doi.org/10.1080/02701367.1980.10609319

@ Springer


https://doi.org/10.1080/14763141.2018.1435712
https://doi.org/10.1123/ijspp.2018-0125
https://doi.org/10.1123/ijspp.2018-0125
https://doi.org/10.1249/mss.0b013e31814fb55c
https://doi.org/10.1249/mss.0b013e31814fb55c
https://doi.org/10.1111/j.1600-0838.2008.00780.x
https://doi.org/10.1111/j.1600-0838.2008.00780.x
https://doi.org/10.1007/BF00429072
https://doi.org/10.2478/hukin-2014-0050
https://doi.org/10.14198/jhse.2020.153.03
https://doi.org/10.14198/jhse.2020.153.03
https://doi.org/10.1155/2019/4505481
https://doi.org/10.1155/2019/4505481
https://doi.org/10.4100/jhse.2009.43.04
https://doi.org/10.4100/jhse.2009.43.04
https://doi.org/10.1519/r-5050502x.1
https://doi.org/10.1519/r-5050502x.1
https://doi.org/10.3390/s22207996
https://doi.org/10.1097/mss.0b013e318063c719
https://doi.org/10.1097/mss.0b013e318063c719
https://doi.org/10.1177/03635465980260021201
https://doi.org/10.1177/03635465980260021201
https://doi.org/10.3233/IES-2012-00483
https://doi.org/10.1080/02640410500128189
https://doi.org/10.1080/02640410500128189
https://doi.org/10.3233/IES-2003-0144
https://doi.org/10.1111/j.1600-0838.1998.tb00480.x
https://doi.org/10.1111/j.1600-0838.1998.tb00480.x
https://doi.org/10.1080/02701367.1980.10609319

Sport Sciences for Health

22.

23.

24.

25.

26.

27.

28.

29.

30.

Murphy AJ, Wilson GJ (1996) Poor correlations between isomet-
ric tests and dynamic performance: relationship to muscle activa-
tion. Eur J Appl Physiol Occup Physiol 73:353-357. https://doi.
org/10.1007/BF02425498

Jaric S (2002) Muscle strength testing: use of normalisation for
body size. Sports Med 32:615-631. https://doi.org/10.2165/00007
256-200232100-00002

Misjuk M, Rannama I (2022) The effect of muscular strength
and strength asymmetry on jumping height in soccer players. IES
30(1):53-60. https://doi.org/10.3233/Ies-200240

Aagaard P, Simonsen E, Trolle M et al (1995) Isokinetic ham-
string/quadriceps strength ratio: influence from joint angular
velocity, gravity correction and contraction mode. Acta Physiol
Scand 154(4):421-427. https://doi.org/10.1111/j.1748-1716.1995.
tb09927.x

Cowley HR, Ford KR, Myer GD et al (2006) Differences in neu-
romuscular strategies between landing and cutting tasks in female
basketball and soccer athletes. J Athl Train 41(1):67-73 (PMCID:
PMC1421490)

Paasuke M, Ereline J, Gapeyeva H (2001) Knee extension strength
and vertical jumping performance in nordic combined athletes. J
Sports Med Phys Fit 41(3):354-361 (PMID: 11533567)
Cengizel E, Cengizel CO (2019) Examination of balance and
isokinetic strength in female volleyball players. J. Educ. Learn.
8(6):31-38 (ISSN 1927-5250 E-ISSN 1927-5269)

Glatthorn JF, Gouge S, Nussbaumer S et al (2011) Validity and
reliability of Optojump photoelectric cells for estimating vertical
jump height. J Strength Cond Res 25(2):556-560. https://doi.org/
10.1519/JSC.0b013e3181ccb18d

Wilhelm EN, Radaelli R, Da Silva BG et al (2013) Single-
joint isometric rate of torque development is not related to

@ Springer

31.

32.

33.

34.

35.

36.

counter-movement jump performance in soccer players. IES
21(3):181-186. https://doi.org/10.3233/IES-130513

Markovic G, Dizdar D, Jukic I et al (2004) Reliability and fac-
torial validity of squat and countermovement jump tests. J
Strength Cond Res 18(3):551-555. https://doi.org/10.1519/1533-
4287(2004)18%3c551:RAFVOS %3e2.0.CO;2

Cohen J, Statistical power analysis for the behavioral sciences.
2nd ed. 1988, Hillsdale, N.J.: L. Erlbaum Associates. xxi, 567 p.
Astrand P-O, Rodahl K, Dahl H, et al., Textbook of work physiol-
ogy: physiological bases of exercise. 2003: Human kinetics.
Jaric S, Mirkov D, Markovic G (2005) Normalizing physi-
cal performance tests for body size: aproposal for standardiza-
tion. J Strength Cond Res 19(2):467-474. https://doi.org/10.
1519/R-15064.1

Rouis M, Coudrat L, Jaafar H et al (2015) Assessment of isoki-
netic knee strength in elite young female basketball players: cor-
relation with vertical jump. J Sports Med Phys Fit 55(12):1502—
1508 (PMID: 25373468)

Kagoglu C (2019) Relationship between lower extremity strength
asymmetry and jump and sprint performance. TISE. 21(2):204—
210. https://doi.org/10.15314/tsed.528162

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1007/BF02425498
https://doi.org/10.1007/BF02425498
https://doi.org/10.2165/00007256-200232100-00002
https://doi.org/10.2165/00007256-200232100-00002
https://doi.org/10.3233/Ies-200240
https://doi.org/10.1111/j.1748-1716.1995.tb09927.x
https://doi.org/10.1111/j.1748-1716.1995.tb09927.x
https://doi.org/10.1519/JSC.0b013e3181ccb18d
https://doi.org/10.1519/JSC.0b013e3181ccb18d
https://doi.org/10.3233/IES-130513
https://doi.org/10.1519/1533-4287(2004)18%3c551:RAFVOS%3e2.0.CO;2
https://doi.org/10.1519/1533-4287(2004)18%3c551:RAFVOS%3e2.0.CO;2
https://doi.org/10.1519/R-15064.1
https://doi.org/10.1519/R-15064.1
https://doi.org/10.15314/tsed.528162

	The Association Between Isokinetic Strength and Strength Asymmetry and Jump Performance in Female Volleyball Players
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study design
	Participants
	Procedure
	Isokinetic muscle strength test
	Vertical jump tests
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements 
	References


