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Abstract
There is an inverse relationship between the ability to generate force during concentric
muscle movements and the velocity of contraction. However, this relationship is not
the same in eccentric muscle movements due to differences in mechanism. Therefore,
the study aimed to investigate the effects of higher isokinetic angular velocity on
concentric and eccentric strength in the hamstring and quadriceps muscles. Twenty-four
students from the faculty of sports science, aged between 18 and 24, participated in the
study voluntarily. The participants completed a 5-minute standard warm-up, followed
by concentric and eccentric knee extension (quadriceps) and knee flexion (hamstring)
movements in the dominant leg at slower (60◦/s) and faster (180◦/s) angular velocities
on the Cybex device (CybexNORM®, Humac, CA, USA, 2004). The isokinetic strength
outputs at slower and faster angular velocities were compared a one-way repeated-
measures analysis of variance. When comparing the forces involved in concentric knee
extension and flexion at slower and faster angular velocities, it was found that the force
decreased significantly at higher speeds both during extension and flexion (p < 0.001).
However, there was no significant changes in eccentric knee extension and flexion
force outputs between slower and faster angular velocities (p > 0.05). Eccentric force
outputs were significantly higher than concentric force in both angular velocities (p <

0.001). These results show that there is an inverse relationship between the velocity
of concentric contractions and strength outputs, but not in eccentric contractions. It
emphasizes the importance of healthcare professionals considering suitable exercise
methods for athletes, especially when it comes to improving muscle strength or aiding
in rehabilitation processes.
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1. Introduction

Anumber of factors affect the sportive performance of athletes,
including speed, agility, balance, power and strength [1]. In
many types of sports, athletes must produce sufficient strength
and power to be able to resist both their own body mass and the
weight of their opponents and sports equipment [2]. Success
in sports is the ultimate goal for both athletes and coaches.
Adequately designed strength training regimens are necessary
in addition to sport-specific training [3].
Muscular strength is defined as the ability of muscles to

contract and apply resistance or force to an external object [4].
Three different types of contraction can be used in the pro-
duction ofmuscular strength: isometric contraction, concentric
contraction and eccentric contraction. Isometric contraction is
a type of contraction in which there are no changes in muscle
length [5]. If the muscle overcomes external resistance by
shortening during contraction [6], the motion is described as
concentric contraction [7]. Eccentric contraction occurs when

the external load or force on the muscle is greater than the
force that the muscle generates or can generate, resulting in
the muscle lengthening while it is contracting [6, 8]. Eccentric
contractions take place during routine motor tasks and are
often responsible for two crucial aspects of natural movement.
When the body is decelerating, as occurs while descending
stairs or walking downhill, eccentric contractions enable the
release of mechanical energy. Additionally, they allow kinetic
energy to be converted into the elastic energy of tendons [9].
Muscles produce the greatest amount of force at the peak of
their capacity, yet use the least amount of energy [10].
The capacity for producing force during eccentric contrac-

tion ranges from 140% to 160% of the force production capa-
bilities exhibited during concentric contraction [11–13]. Con-
centric and eccentric contractions have different mechanisms
at the level of contractile proteins during force generation in
terms of the extent of motor unit activation and non-cross-
bridge components (e.g., titin) [10]; these mechanisms are
among the main reasons for the higher force output of eccentric
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contractions compared to concentric contractions [9]. The gen-
eration of muscular force ensues from the interplay between
contractile filaments [14]. Maximum force is generated where
myosin and actin filaments overlap, allowing for the formation
of the greatest number of cross-bridges [15, 16]. However,
force is dependent not only on sarcomere length and cross-
bridge formation but also on the velocity of the shortening or
lengthening [9].
Eccentric and concentric contractions differ significantly in

terms of mechanics, metabolism, and neural control [17, 18].
Due to the repetitive nature inherent in the sliding filament
process, increased speed of motion results in a decline in
the capacity for force generation. A connection between the
sliding filament theory and reduction in the formation of cross-
bridges during phases of higher-speed contractions has been
established [19]. Accordingly, an inverse correlation exists
between the capacity to produce force and the speed of contrac-
tion in concentric muscular actions, but this situation differs
in the case of eccentric movements. In eccentric movements,
as the velocity rises, force may either escalate [20] or remain
consistent [21]. A previous study demonstrated that concen-
tric force outputs were decreased with an increase in angular
velocity, while eccentric force outputs did not show significant
decreases [22].
The isokinetic dynamometer has high reliability and can

measure peak torque at different velocities and throughout
the complete range of motion [23]. Given that isokinetic
dynamometer has been shown as a gold standard strength
assessment method [24]. Few studies in the literature to
date have addressed questions of eccentric muscle contraction
velocity. Therefore, the aim of this study was to investigate the
effects of increased isokinetic angular velocity on concentric
and eccentric force outputs in the hamstring and quadriceps
muscles of students enrolled in the Faculty of Sports Sciences.

2. Materials and methods

2.1 Subjects
Twenty-four male sport science faculty students (age 20.75
± 1.29 years; height 178.33 ± 6.42 cm; body weight 70.96
± 7.56 kg, Body mass index (BMI) 22.32 ± 2.34 (kg/m2))
participated in this study.

2.2 Experimental design
The participants were instructed to refrain from engaging in
any exercise 24 hours before the testing session. They were
then brought to the sports science faculty laboratory at 10:00
AM. A standardized warm-up protocol lasting five minutes
was performed on a cycle ergometer, maintaining a cadence of
60–70 rpm, immediately before beginning isokinetic strength
testing. Following this, participants underwent isokinetic
strength measurements using the Cybex isokinetic device
(Cybex NORM®, Humac, CA, USA, 2004).
Isokinetic strength measurement: the measurements of

isokinetic quadriceps and hamstring force were conducted
using an isokinetic dynamometer at the kinapometry laboratory
of Selcuk University. One testing session is sufficient to
produce enough data [25]. Each participant went through

a familiarization phase, which involved three repetitions at
velocities of 60◦/s and 180◦/s in both eccentric and concentric
movements with submaximal effort, before the testing phase
[26]. The tests were conducted in randomly order. The
participants were seated in the correct position within the
testing apparatus. Straps were used to secure the participants’
thighs and the middle sections of their thighs to the seat.
Furthermore, they were permitted to grasp the handles on
the right and left sides of the seat to support during the test
[27]. The length of the level arm was regulated separately
for each participant, and the resistance pad was set proximal
to the medial malleolus. The other leg was hanging freely,
without any forces exerted on it. So as to be in alignment
with the axis of the dynamometer lever arm with the distal
point of the lateral femoral condyle [28]. To assess quadriceps
and hamstring concentric torque, three consecutive maximum
contractions were performed in the concentric-concentric
mode. These movements were executed at an angular velocity
of 60◦·s−1 within a range of motion spanning from 90◦ to
10◦ of knee flexion. To assess quadriceps and hamstring
eccentric torque, three consecutive maximal contractions were
performed in the eccentric-eccentric mode. These movements
were carried out at an angular velocity of 60◦/s within a range
of motion spanning from 10◦ to 90◦ of knee flexion. The
same protocol was used in the 180◦/s angular velocity tests
as well. A 2-minute rest period was provided between each
test conditions for minimize fatigue [29]. Throughout all
trials, participants received verbal encouragement to exert
their maximum effort. Real-time visual feedback from a
computer screen was provided. The highest peak torque value
achieved for each type of contraction was taken into account
for statistical analysis [27].

2.3 Statistical analysis

The Shapiro-Wilk test was used to determine if the dataset
follows a normal distribution. Levene’s test was used to check
for homogeneity. Skewness and kurtosis values were checked
for datasets that were not normally distributed, and those
within ±2 were accepted to be normally distributed. A one-
way repeated-measures analysis of variance was conducted to
compare the outputs. One-way repeated-measures analysis of
variance was conducted to compare the outputs of different an-
gular velocities and contraction types. A Bonferroni adjusted
pairwise comparison was undertaken. The index of effect size
used was partial eta squared (η2). Partial eta squared effect
sizes were determined to be weak = 0.17, medium = 0.24,
strong = 0.51, and very strong = 0.70 [30]. An a priori power
calculation demonstrated that 24 participants given a type I
error rate (α-level) of 0.05 and a power of 0.80 (by g-power
3.0). The ratio between conditions were calculated by using
the formula Ratio = (c − e)/e or ratio = (60◦/s–180◦/s)/60◦/s
formula. All statistical tests were performed using the software
package SPSS version 27.0 (SPSS Inc., Chicago, IL, USA).
An alpha value of < 0.05 was considered to be statistically
significant.
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3. Results

Table 1 shows a significant decrease in concentric forces as
angular velocity increased. However, eccentric forces did
not show a statistically significant change. (Quadriceps con-
ditions: F (151.67), p < 0.001. Hamstring conditions: F
(110.45), p < 0.001).
In Table 2, it was found that in both the quadriceps and

hamstring muscle groups, eccentric force was found to be
statistically significantly higher than concentric force at all
angular velocities (Quadriceps conditions: F (151.67), p <

0.001. Hamstring conditions: F (110.45), p < 0.001).

4. Discussion

Eccentric and concentric types of muscle contractions exhibit
distinct differences in their operating mechanisms, leading
to variations in force output [9]. Moreover, the potential
force outputs of eccentric and concentric actions might vary
in line with the contraction velocity [22]. In light of this
information, the present study was designed to examine the
effects of eccentric and concentric contractions at two different
angular velocities. We found that an increase in angular
velocity during concentric contractions led to a significant
decrease in force in both the quadriceps (33.99%) and ham-
string muscles (33.79%), while no significant difference was
observed in eccentric contractions in the quadriceps (3.23%)
or hamstring (4.53%). Significant differences in favor of
eccentric force were found at both angular velocities in the
quadriceps (21.27% torque at 60◦/s and 36.86% torque at
180◦/s) and hamstring (77.78% torque at 60◦/s and 97.36%
torque at 180◦/s).
With respect to the effects of contraction types (i.e., ec-

centric versus concentric actions) on force outputs, it was
hypothesized that eccentric contractionswould produce greater

force outputs than concentric contractions. Previous studies
indicated that eccentric contractions produce more strength
than concentric contractions [21, 31–35]. In line with those
findings, the force outputs obtained in this study during eccen-
tric contractions were significantly higher than those during
concentric contractions at angular velocities of both 60◦/s and
180◦/s. These two types of contractions involve different
mechanisms for generating force at the level of contractile
proteins, and this is one of the main reasons for greater force
production during eccentric contractions compared to concen-
tric contractions. Muscle strength development is the result of
interactions between muscle fibers. When myosin and actin
filaments overlap, maximum force is generated when the max-
imum number of cross-bridges form at the optimal sarcomere
length [36]. According to the sliding filament theory, during
concentric muscle movements, actin and myosin filaments
bind to produce muscle contractions, and that connection is
broken by Adenosine triphosphate (ATP). However, during
eccentric muscle movements, the connection is broken me-
chanically rather than through chemical means [37]. During
concentric muscle movements, ATP binds to myosin heads,
triggering their release from actin filaments, and then their re-
establishment occurs through chemical pathways. In contrast,
during eccentric movements, the myosin heads are essentially
forcefully (i.e., mechanically) detached from actin, and it is
believed that this could affect the efficiency of energy transfer,
potentially influencing the strength of the contractions [38]. In
the present study, the isokinetic tests took less than 6 seconds,
which is noteworthy for indicating explosive loading charac-
teristics [39]. Another possible explanation for the observed
differences between eccentric and concentric contractions in
terms of force output could be that eccentric contractions
have different neural control strategies compared to concentric
contractions. This is supported by Franchi et al. [9], as it was
previously demonstrated that a deficit in voluntary activation

TABLE 1. Comparing the force outputs of hamstring and quadriceps at 60◦/s and 180◦/s in both contraction types.
Parameters (Torque) Angular velocities 95% Confidence Interval for Difference p Partial η2

60◦/s Mean
(Torque)

180◦/s Mean
(Torque) Lower Bound Upper Bound

Quadriceps Con 222.38 ± 24.04 146.79 ± 29.11 60.86 90.30 *p < 0.001 0.86
Hamstring Con 123.54 ± 23.05 81.79 ± 19.48 29.94 53.55 *p < 0.001 0.82
Quadriceps Ecc 269.67 ± 45.25 260.96 ± 36.84 −4.22 21.64 0.38 0.86
Hamstring Ecc 169.08 ± 30.43 161.42 ± 26.80 −5.51 20.84 0.64 0.82
*Significant differences (p < 0.001).

TABLE 2. The comparison of eccentric and concentric forces at 60◦/s and 180◦/s angular velocities of quadriceps and
hamstring.

Parameters Contraction Types 95% Confidence Interval for Difference p Partial η2
Con Mean
(Torque)

Ecc Mean
(Torque) Lower Bound Upper Bound

60◦/s Quadriceps 222.38 ± 24.04 269.67 ± 45.25 −67.49 −27.08 *p < 0.001 0.86
60◦/s Hamstring 123.54 ± 23.05 169.08 ± 30.43 57.21 −33.87 *p < 0.001 0.82
180◦/s Quadriceps 146.79 ± 29.11 260.96 ± 36.84 −133.60 −94.72 *p < 0.001 0.86
180◦/s Hamstring 81.79 ± 19.48 161.42 ± 26.80 −98.31 60.93 *p < 0.001 0.82
*Significant differences (p < 0.001).
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occurs during eccentric contractions in the course of maximal
voluntary contraction. Due to the greater force capacity of the
muscle during lengthening contractions, fewer motor units are
recruited and the discharge rate is lower during lengthening
contractions compared to shortening.
The literature on this topic agrees that in concentric con-

tractions the maximum force output decreases with increasing
contraction speed while this is not the case in eccentric con-
tractions, without the contraction speed having any influence
on the force output [22, 40]. Considering physiological ex-
planations for these different effects of contraction speed in
concentric and eccentric contractions on force output, acute
neuronal adaptations in response to muscle contraction speed
can be noted as one of the underlying reasons. In the study of
Oliveira [41], velocity-dependent changes in the behavior of
the tibialis anterior motor units during concentric and eccen-
tric contractions were investigated at 10% and 25% maximal
voluntary isometric contraction and the authors reported a
significant difference in the mean discharge rates of the tracked
motor units between the concentric and eccentric phases. In
that study, it was shown that the concentric phase had higher
discharge rates during dynamic contractions than the eccentric
phase, leading to force degradation. However, evaluations
performed with a different human limb showed that torques
could change as angular velocity increased during eccentric
contraction. Griffin [42] revealed that the peak eccentric
torque of the elbow flexors increased with increasing velocity
between 0 and 120◦/s but then decreased between 120◦/s
and 210◦/s. Those results could be interpreted to mean that
performance does not decrease with increasing contraction
speed; rather, performance can be maintained or increased
up to a certain optimal angular velocity and increasing the
angular velocity beyond that optimal value can lead to a loss
of performance. Findings in the literature support this view
of concentric force. Caiozzo et al. [43] reported that, an
increase was reported in the concentric peak torque of the knee
extensors when velocity increased from 45 to 96◦/s, while
typical decreases in peak torque were observed at velocities
above 96◦/s. However, as a conflicting result, Cress et al.
[44], found no significant changes in eccentric force between
velocities of 30, 60, 90, 120, 150, 180 and 210◦/s. In light
of the literature, it can be deduced from our findings that
concentric force decreases while eccentric force production
may remain constant from angular velocities of 60◦/s to 180◦/s.
Drury et al. [31] concluded, based on their findings, that the
eccentric actions of biceps muscles are somewhat resistant to
force decrement as the result of an increase in velocity, whereas
concentric contractions are unable to maintain force as velocity
increases. Due to time constraints, only two angular velocities
were considered in the present study and only two muscle
groups were examined. These are limitations of the study.

5. Conclusions

In this study, concentric contractions produced less force than
eccentric contractions in two different muscle groups and at
two different angular velocities. Furthermore, considering the
angular velocities, although concentric strength decreased as
movement speed increased, the same effect was not observed

for eccentric contractions. It can contribute to the development
of approaches aimed at improving muscle strength in sports
training and rehabilitation programs based on the differences
in force outputs between eccentric and concentric types of
muscle contractions. Particularly, considering the distinct
effects between concentric and eccentric contractions, it is
important to take these findings into account when designing
training programs.
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