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ABSTRACT Objective: The aim of this study was to investigate whether
or not eccentric hamstring muscle strength has an effect on reaction time in
elite volleyball players. Material and Methods: The study included 33 male
volleyball players, aged 16-20 years, who met the study inclusion criteria.
The eccentric hamstring strength was measured during Nordic hamstring
exercises with an iVMES H-BORD®. The reaction time of the volleyball
players was measured with the Light Trainer Flash Light Exercise System™.
Results: A strong level, negative, significant correlation was determined
between the maximum eccentric hamstring muscle strength values of the
dominant and non-dominant side of the study participants and the mean re-
action time (r=-0.69, p<0.001; r=-0.78, p<0.001, respectively) and the best
reaction time values (r=-0.70; p<0.001, r=-0.75; p<0.001, respectively). A
strong level, negative, significant correlation was determined between the
mean eccentric hamstring muscle strength values of the dominant and non-
dominant side and the mean reaction time (r=-0.69; p<0.001, r=-0.71;
p<0.001, respectively) and the best reaction time values (r=-0.71; p<0.001,
r=-0.68; p<0.001, respectively). At the same time, it was determined that
there was no significant correlation between maximum and mean eccentric
muscle strength difference and mean reaction time and best reaction time
values (p>0.05). Conclusion: The results of this study showed a significant
correlation between eccentric hamstring muscle strength and reaction time
parameters in young, male volleyball players. Trainers and sports scientists
should take this into consideration in training programs to improve the per-
formance of volleyball players.
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OZET Amag: Bu ¢alismanin amac, elit voleybol oyuncularinda eksantrik
hamstring kuvvetinin reaksiyon zamani iizerine etkili olup olmadigini arag-
tirmaktir. Gere¢ ve Yontemler: Calismaya dahil edilme kriterlerini kargi-
layan 16-20 yas aras1 33 erkek voleybol oyuncusu dahil edilmistir. Eksantrik
hamstring kuvveti Nordic hamstring egzersizi sirasinda iVMES H-BORD®
cihazi ile 6lgiilmiistiir. Sporcularin reaksiyon zamanit Light Trainer Flash
Light Exercise System™ reaksiyon zamani cihazi ile yapilmistir. Bulgu-
lar: Calismaya katilan bireylerin dominant ve nondominant taraf maksi-
mum eksantrik hamstring kas kuvvetleri ile ortalama alt ekstremite
reaksiyon zamant (sirastyla r=-0,69, p<0,001; r=-0,78, p<0,001) ve en iyi
reaksiyon zamani (sirastyla r=-0,70; p<0,001, r=-0,75; p<0,001) degerleri
arasinda kuvvetli, ters yonde, anlamlt iligki oldugu saptanmistir. Benzer
sekilde dominant ve nondominant taraf ortalama eksantrik hamstring kas
kuvvetleri ile ortalama alt ekstremite reaksiyon zamani (sirastyla r=-0,69;
p<0,001, r=-0,71; p<0,001) ve en iyi reaksiyon zamani (sirastyla r=-0,71;
p<0,001, r=-0,68; p<0,001) degerleri arasinda anlamli, kuvvetli, ters yonde
iliski oldugu bulunmustur. Ayni zamanda maksimum ve ortalama eksant-
rik kas kuvvet farkliligi ile ortalama alt ekstremite reaksiyon zamani ve en
iyi reaksiyon zamani degerleri arasinda ise anlamli bir iligki olmadig: tes-
pit edilmistir (p>0,05). Sonug¢: Sonug olarak, voleybolcularda eksantrik
hamstring kuvveti ile reaksiyon zamani parametreleri arasinda anlamli
iliski oldugu bulunmustur. Voleybolcularin performanslarini gelistirmek
icin ¢alisan atletik performans antrendrleri ve spor bilimciler bu durumu
g6z 6niinde bulundurmalidirlar.

Anahtar Kelimeler: Voleybol; eksantrik kas kuvveti;
hamstring; reaksiyon zamani
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Volleyball is a sport that is played in a relatively
small area, with repeated rapid movements requiring
agility and rapid lift-offs, and explosive movements
such as smashing and blocking that require vertical
jumps. Therefore, in the development of lower ex-
tremity muscle strength, it becomes necessary to gen-
erate a high level of force at high speed.'?> Due to the
importance of muscle strength to develop power in
jumping performance, a strength imbalance in the
lower extremities can have a negative effect on the
jumping of volleyball players and can lead to in-
juries.®> The most common muscle injuries affecting
volleyball players are injuries to the hamstring, rectus
femoris, and medial gastrocnemius with the deltoid
anterior, respectively.*

The hamstrings are the muscle group at highest
risk and with the highest injury rate. When the factors
causing hamstring muscle injuries (HMI) are exam-
ined, these include a history of hamstring injury,
weak eccentric knee flexor muscle strength, imbal-
ance in the hamstring: quadriceps ratio, delayed re-
action time, transverse pelvic posture (pelvis anterior
tilt and increased lumbar lordosis), weak lumbopelvic
stability, cognitive function, and deteriorated ham-
string muscle architecture.> When excursion capac-
ity of the hamstrings is taken into consideration
according to the muscle architecture properties, it has
been suggested that weakness in eccentric strength or
imbalance between the extremities lays the ground
for HMI, and both these factors have been associated
with the risk of HMI in many sports branches, and
especially in volleyball.®

The data reported in several studies have shown
that eccentric muscle strength supports muscle hy-
pertrophy and is the most effective stimulus to in-
crease the neural stimulus going to the muscle.’
Muscle performance has generally been investigated
with muscle contraction and the neural structure
adaptations this creates. However, reaction time is an-
other component that affects muscle performance.
Reaction time is defined as the time from the appli-
cation of a stimulus to the emergence of an appropri-
ate voluntary response from the subject in the shortest
possible time. This is a measurement of the sensori-
motor function and performance of an individual.
Stimulus processing includes decision-making and

reaction programming. The importance of reaction
time in sport is that the fine motor skills are devel-
oped in certain movements for athletes, and this de-
velops as a result of the comprehensive application
of the relevant movements in athletic situations.

A rapid reaction time in athletes requires ad-
vanced concentration, better muscle co-ordination,
and advanced performance in rapid and sensitive
tasks. Rapid reaction time is useful in sports such as
volleyball, football, basketball, and tennis.® In sports
such as volleyball, basketball, and boxing, which re-
quire rapid changes in stance, reaction time seems to
be important when the player moves according to the
status of the ball or the opponent, or in swimming and
athletics for starting a movement at the moment the
signal is given.”!® Therefore, evaluation of reaction
time and emphasis on its importance is necessary for
the guidance of athletes and sports scientists working
in this field. Although there are many factors which
have a positive or negative effect on reaction time,
whether or not there is a relationship with eccentric
hamstring muscle strength has not been addressed in
the literature. The aim of this study was to investi-
gate whether or not eccentric hamstring muscle
strength has an effect on reaction time in professional
volleyball players. The hypothesis of the study was
that athletes with higher eccentric hamstring muscle
strength would have better reaction time scores.

I MATERIAL AND METHODS
STUDY PARTICIPANTS

This prospective, descriptive research study was
planned to examine the effect of eccentric hamstring
strength on reaction time in healthy, male volleyball
players, playing in the U16-U20 leagues. Approval
for the study was granted by the Ethics Committee of
KTO Karatay University (date: March 31, 2023; no:
2023/003,). All procedures were applied in compli-
ance with the principles of the Helsinki Declaration.

The study inclusion criteria for the inclusion of
healthy male volleyball players aged 16-20 years
were defined as (a) age between 16 and 20 years, (b)
no soft tissue or orthopaedic injury in the trunk, hips,
or lower extremities, (¢) no history of hamstring
strain or ligamentous injury related to the knee, (d)



Emre ALTUNDAG et al.

Turkiye Klinikleri J Sports Sci. 2024;16(1):7-13

being an active volleyball player, (e) no known neu-
rological or systemic problem, and (f) voluntary par-
ticipation in the study.

Subjects were excluded from the study if they
had a history of lower extremity injury and/or ham-
string strain within the last year, if they had any
musculoskeletal, neurological, respiratory, or car-
diovascular risk factor which would limit the tests to
be applied, or if they had contracted coronavirus dis-
ease-2019 infection within the last 6 months.

Sample size was determined using G*Power
version 3.0.10 software (Universitat Kiel, Germany).
The primary outcome measurement of the study was
the relationship between eccentric hamstring strength
and reaction time, and to be able to obtain 5% Type
1 error, 80% power, and effect size of £=0.40 (f>10:
small, £>0.25: moderate, £>0.40: large), it was calcu-
lated to be necessary to include at least 30 subjects in
the study.'"!? Taking into consideration, the potential
loss of 20% of the subjects, a total of 33 volleyball
players were enrolled. All the study participants pro-
vided informed consent for voluntary participation in
the study before it was started.

DATA COLLECTION TOOLS

A record was made of demographic characteristics of
the study participants, including age, height, weight,
body mass index (BMI), and dominant extremity.
The dominant lower extremity was defined as the ex-
tremity from which the player took off when jump-
ing."® The eccentric hamstring strength was measured
during Nordic hamstring exercises with an iVMES
H-BORD® (iVMES, Ankara, Tirkiye) device
(Figure 1). The reaction time of the volleyball play-
ers was measured with the Light Trainer Flash Light
Exercise System™ (FitLight Corp, Ontario, Canada).

Eccentric Hamstring Muscle Strength

The Nordic Hamstring Curl (NHC) has been shown
to be an effective and reliable method in the training
of eccentric hamstring strength. The validity and re-
liability of this exercise to evaluate eccentric ham-
string strength has been reported in literature, and
with the use of an H-Bord, it has become a rapid, sim-
ple, accurate, and reliable method for the monitoring
of hamstring strength and imbalance.'* In this study,

the NHC was applied using the iVMES H-BORD
(IVMES, Ankara, Tiirkiye, Software version: 1.0).
The participant to whom the test was applied was in-
structed to kneel on the board and a stabilising hook
attached to sensors was passed over both ankles. Fol-
lowing a warm-up set, the participants performed 1
set of bilateral Nordic hamstring exercises with 3 rep-
etitions. During the tests, each subject was instructed
to lean forward slowly lowering themselves to the
floor on their palms until they were unable to main-
tain the eccentric hamstring contraction. Throughout
each repetition, the subjects were encouraged ver-
bally to make maximum effort. If the subject lost con-
trol while lowering to the floor or showed excessive
hip movement during the repetition, these repetitions
were not included.'*!?

Reaction Time

In the evaluation of the extremity reaction time of the
volleyball players, the Light Trainer Flash Light Ex-
ercise System"™ reaction time device was used (intra-
class correlation: 0.89).'° Packages are available from
4 to 32 spots. As part of our research, we had 2 pack-
ages of 8 spotlights, each with default software (Soft-
ware version: 4.0.32). The results of the software can
also be downloaded and viewed through applications
on mobile phones or laptops. The measurements were
performed on the same day in a quiet, well-lit envi-
ronment. Three light reaction modules at intervals of
300 cm were placed on a net 20 cm in front of the
subject. Each subject performed a trial before the test,
then was instructed to stand at the starting point for
the test. The commands of ready and start were
given, then the subject waiting on the starting point
started the test from number 3. The test was started
on the signal of the middle light flashing 3 times.
The lights came on in random order from 3 areas.
Each time the participant came to number 3, he
waited for the next light. The system was set so that
after each light went out, there was a 3-second delay
for it to come on again. The test was terminated
when the subject put out 6 randomly lit lights. For
the subject to put out the lights, a vertical jump was
made at number 3, and transverse step block step at
numbers 2 and 4 (Figure 1). The reactions shown to
the light stimuli were measured throughout 30 sec-
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FIGURE 1: Measurement of reaction time with the Light Trainer Flash Light Exercise System™.

onds. The test was applied 3 times, after which the years and 20.7+1.07 kg/m?, respectively. The right
mean reaction time was calculated, and this was side was dominant in 78.8% (n=26) of the athletes.

i ion time. 16 . - .
recorded together with the fastest reaction time. A strong level, negative, significant correlation

was determined between the maximum eccentric

STATISTICAL ANALYSIS

Data obtained in the study were analyzed statistically ;. 4 non-dominant side of the study participants and
using SPSS Version 26 (IBM SPSS® software, US). {0 mean reaction time (r=-0.69, p<0.001; r=-0.78,

Conformity of the variables to normal distribution

hamstring muscle strength values of the dominant

p<0.001, respectively) and the best reaction time
was assessed with visual (histogram, probability values (=-0.70; p<0.001, r=-0.75; p<0.001, respec-
graphs) and statistical methods (Kolmogorov-  tively). A strong level, negative, significant corre-
Smirnov test, Shapiro-Wilk test). The relationship be-
tween eccentric hamstring muscle strength and

reaction time parameters was analyzed with the

lation was determined between the mean eccentric
hamstring muscle strength values of the dominant

and non-dominant side and the mean reaction time
Spearman Rho correlation test. In all of the statistics, (r=-0.69; p<0.001, r=-0.71; p<0.001, respectively)
p significance level was accepted as p<0.05 and weak 44 the best reaction time values (r=-0.71; p<0.001,
correlation at r=0.1-0.3, moderate correlation at 1=-0.68; p<0.001, respectively) (Table 1).

r=0.31-0.5 and strong correlation at r>0.5. ] ) )
At the same time, it was determined that there

I RESULTS was no significant correlation between maximum and

mean eccentric muscle strength difference and mean
A total of 33 participants were included in this study. reaction time and best reaction time values (p>0.05)
The average age and BMI of athletes were 16.9+1.08 (Table 2).

TABLE 1: Correlations between eccentric hamstring muscle strength parameters and reaction time.

D-Maximum Hecc (N) ND-Maximum Hecc (N) D-Mean Hecc (N) ND-Mean Hecc (N)
rho p value rho p value rho p value rho p value
Mean reaction time (s) -0.69* <0.001 -0.78* <0.001 -0.69** <0.001 0.71% <0.001
Best reaction time (s) -0.70% <0.001 -0.75% <0.001 0.71% <0.001 -0.68** <0.001

**p<0.01; rho: Spearman correlation coefficient; Hecc: Eccentric hamstring muscle strength; N: Newton.

10
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TABLE 2: Correlations between eccentric hamstring muscle strength difference percentage and reaction time.

Maximum muscle difference (%)

rho p value
Mean reaction time (s) 0.21 0.244
Best reaction time (s) 0.17 0.339

Mean muscle difference (%)

rho p value
0.11 0.528
0.06 0.746

rho: Spearman correlation coefficient.

I DISCUSSION

The most significant finding of this study was the de-
termination of a significant negative correlation be-
tween reaction time and the eccentric hamstring
muscle strength of both side, and no correlation was
shown with bilateral muscle strength differences.

This study demonstrated that volleyball players
with high dominant side eccentric hamstring muscle
strength showed more rapid reaction time perfor-
mance. Previous cross-sectional studies have shown
a relationship between muscle strength and reaction
time. In one study it was stated that high muscle
strength (measured as hand grip strength) was related
to reaction time and even protected cognitive func-
tion.'® Similarly, another study of participants aged
70-75 years, which examined the relationship of hand
grip strength with reaction time, showed that as reac-
tion time decreased, the hand grip strength values in-
creased.”” A study of adults in Japan reported that
those with high cognitive function scores had both
higher grip strength in the right hand and greater iso-
metric knee extensor muscle strength.?’ Although all
three studies suggested that there is a significant re-
lationship between muscle strength and reaction time,
to the best of our knowledge there is no study in the
literature that has investigated the effect of eccentric
knee muscle strength on reaction time in volleyball
players. Therefore, this is the first study to have
shown the extent of the effect of eccentric hamstring
muscle strength on reaction time in volleyball play-
ers.

Reaction time is an important component of suc-
cessful sports performance as it allows athletes to
give a rapid reaction to varying and often imbalanced
environments. Generally, reaction time includes all
basic body movements that are required for the ath-

11

lete to be successfully competitive and be synchro-
nised to be able to prevent injury.?!' It is required in
many sports from taking possession of the ball in
football, baseball, and softball, to deciding to whom
to pass the ball to in volleyball and basketball. In
sports matches athletes generally have to make a de-
cision to select from more than one stimulus which
can lead to different outcomes depending on the se-
lection made. Correct identification of the stimuli pre-
sented and having the ability to move accordingly can
make the difference between success and failure and
even between sustaining an injury or not.

Neural adaptations, which play a role in the oc-
currence of effective muscle contraction, are sepa-
rated into two as intramuscular and intermuscular
co-ordination. Intermuscular co-ordination is the ca-
pacity to co-ordinate kinetic chain cycles of the ner-
vous system, thereby rendering the movement more
productive. The development of co-ordination be-
tween muscles depends on the learning technique.
Over time, as the nervous system learns the move-
ment, fewer motor units are activated with the same
weight, causing more motor units to remain open to
activation by higher weights.?>? Therefore, these
mechanisms can be explained by individuals with
more rapid reaction time having greater eccentric
hamstring muscle strength.

The other hypothesis of this study was estab-
lished to examine the relationship between reaction
time and the percentage difference of muscle strength
between the two sides. The results of the reaction
time analysis, which was conducted for this purpose
in the context of this study, demonstrated no signifi-
cant correlation with the percentage difference in ec-
centric muscle strength between the two sides.
Although the results were not significant, it was de-
termined that the percentage difference in muscle
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strength between the two sides of the volleyball play-
ers with high reaction time was above 10%, which is
accepted as the limit for injury, and thus they were at
risk of injury. These results are consistent with the
results of many studies in literature, and the majority
of current evidence has reported that deficits in reac-
tion time can render athletes vulnerable to injury.”*

The multidimensional role of hamstring strength
in athletic performance is well understood and the di-
rect contribution of hamstring strength to athletic
skills such as sprinting and jumping has been demon-
strated in several studies.?*** Hamstring strength also
plays an important role in knee joint stabilisation, in-
directly influencing the qualities of agility manoeu-
vres such as acceleration, deceleration, changing
direction and cutting.?’ It has also been suggested that
hamstring weakness increases the risk of anterior cru-
ciate ligament (ACL), a typical sports injury that oc-
curs in sports such as athletics and volleyball, which
require high sprint speed and/or simultaneous exces-
sive muscle tension.”® Low hamstring strength or in-
adequate activation is associated with non-contact
ACL injuries, which are particularly high in team
sports such as football and volleyball. In particular, as
a synergist of the ACL, the lateral hamstring muscle
spans two joints and provides secondary protection,
especially at the smaller joint angle.”® Specifically,
during unexpected jumping-recoil or jumping move-
ments, individuals with a worse reaction time demon-
strate reaction forces at a higher place, knee
abduction moments, tibial anterior shear forces, os-
cillations, and smaller hamstring:quadriceps muscle

strength ratios.’*3? It is assumed that changes in the
movement biomechanics can mediate the effect of re-
action time on the risk of injury.

A limitation of this study was that it was only
conducted on male U16-U20 volleyball players. Fur-
ther studies should be expanded by including female
volleyball players and those in other leagues.

I CONCLUSION

In conclusion, the results of this study demonstrated
a significant relationship at above average levels be-
tween eccentric hamstring strength and reaction time
parameters in young, male volleyball players. Train-
ers and sports scientists should take this into consid-
eration when designing training programs to improve
the performance of volleyball players.
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