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Abstract  

The study assessed the maximal and relative force manifesting (depending of forearm mass 

and circumference) of arm muscles (of dominant and subdominant arm) by two-angle 

testing: protocol test 1 - 90˚ (PT1) and protocol test 2 - 180˚ (PT2). The study included 25 

recreational male athletes, aged 25-26 whose dominant arm was right arm. Through 

application of the dependent t-test, a statistically significant difference was confirmed in the 

variables of maximal force, protocol test 1 (PT1) - dominant (right) and subdominant (left) 

hand (p=0.02) favouring the right dominant hand. Relative force, protocol test 1(PT1)  -  

right and left  hand with regard to mass (p=0.02) favouring the right hand. Relative force, 

right and left hand with regard to the forearm circumference, protocol test  (p=0.02), 

favouring the dominant right arm. In conclusion, is a difference in left and right arm force 

manifesting in male recreational athletes, but also that body mass and forearm circumference 

significantly affect force manifested, at the elbow joint angle of 90˚ (PT1). 

 

1. Introduction 

The maximum strength that a person can exert in any type of movement or 

motion is defined by multiple factors. The factors are closely related to 

morphological and physiological characteristics, gender, age, movement skills 
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(Eleftherios & Blazevich, 2022; Silva-Santos, Guerra, Valdiviesso & Amaral, 2024), 

inter-muscular and intra-muscular coordination, strength mechanisms, and the 

optimal biomechanics of movement techniques (Čoh & Bošnjak, 2010; Bellumori, 

Jaric & Knight, 2013; Assmann, Steinmetz, Schilling & Saul, 2020; Jouira, Rebai, 

Alexe, & Sahli,  2024). 

The manifestation of muscle strength, force, and speed is a subject of research 

in applied physiology and human locomotion. The most commonly studied aspects 

are the relationships between muscle force and strength relative to speed during the 

shortening of individual muscles. Additionally, the relationships are analyzed during 

the performance of complex motor tasks (Alexe, Grigore, Larion, & Alexe, 2012). It 

is a fact that an increase in muscle force leads to a decrease in the velocity of its 

shortening. Some studies (Yamauchi & Ishii, 2007; Yamauchi, Mishima, Nakayama 

& Ishii, 2009) suggest that their relationship, derived through the application of 

external loads during the performance of complex motor tasks, could approximate a 

linear relationship. According to Eleftherios & Blazevich (2022), several 

biomechanical factors are involved in the manifestation of human strength (neural 

control, physiological and biomechanical parameters of the muscle). 

To understand this ability, it is necessary to analyze the factors on which it 

depends, such as the muscle cross-sectional area, the number of engaged muscle 

fibers, and movement proficiency (Bojsen-Møller, Magnusson, Rasmussen, Kjaer & 

Aagaard, 2005). Muscle strength is often studied through the analysis of graphical 

records of force manifestation under isometric contractions. Values obtained through 

such measurements may include maximum force, force generated in a unit of time, 

and the time required to achieve maximum force. 

Neural control affects the maximal output strength of muscles by determining 

the quality and quantity of motor units that will be engaged in muscle contraction 

(recruitment) and the activation frequency of individual motor units (Bohannon, 

2015; Haff & Triplett, 2018).  In general, muscle force is greater when more motor 

units are involved in contraction, when the motor units are larger, and when the 

activation frequency is higher (Bohannon, 2015, Trybulski et al., 2022). Most 

progress in strength exertion achieved during the first few weeks of resistance 

training is attributed to neural adaptations (Klawitter, Hackney, Christensen, Hamm, 

Hanson & McGrath, 2023; Langford et al., 2024).  The human brain finds a way to 

generate greater force with the same amount of contractile tissue. If all other factors 

are identical, the force a muscle can express depends more on the cross-sectional 

area than on the muscle volume and tendon composition (Haff & Triplett, 2018; 

Methenitis et al., 2019). It has been shown that during maximal contraction muscles 

can generate forces ranging from 23 to 145 psi (16–100 N/cm³) of muscle cross-

sectional area (Ishida & Watanabe, 2013). This large range can partly be explained 

by variations in the organization and orientation of sarcomeres relative to the 

muscle's longitudinal axis. The study problem focuses on the manifestation of muscle 

force in the elbow and wrist joints, analyzing its expression depending on body mass, 

forearm circumference, and changes in the angle of the elbow joint (180° and 90°).  
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2. Material and methods 

The aim of the study is to detect differences in the manifestation of muscle 

force (absolute and relative) of the dominant and subdominant arm in the elbow joint 

depending on the joint angle, body mass, and forearm circumference in recreational 

athletes. 

Research hypothesis: 

1.      It started from the assumption that the elbow angle will affect the 

manifestation of the maximum force of the arm muscles, in favor of test protocol 1 

(PT1), in the dominant and subdominant hand. 

2.      It was based on the assumption that the elbow angle will influence the 

expression of the relative strength of the arm muscles in favor of test protocol 1 

(PT1). 

3.      The circumference of the forearm will affect the relative force exerted by 

the arm muscles. 

This is an empirical, cross-sectional study, utilizing bibliographical method, as 

well as statistical method for data processing. The experimental method of data 

collection enabled the testing of muscle force through standardized motor tests using 

sophisticated equipment.   

Participants  

The sample included 25 male participants (body height: 180.80±10.10 cm; 

body weight: 78.58±11.13 kg), aged 25–26 years, from Sjenica (Republic of Serbia), 

all with dominant right arm. The average circumference of the dominant (right) arm 

was 27.02±3.08 cm, while the subdominant (left) arm measured 26.95±2.56 cm. The 

participants were characterized as recreational athletes, capable of training or 

competing (healthy individuals), and training no more than five hours a week. Each 

participant signed an informed consent form for participation in the study and 

consent for testing.   

Sample of variables  

The following morphological characteristics were measured: 

▪ Body height (cm)  

▪ Body weight (kg)  

▪ extended left and right forearm circumference (cm)  

A standardized test protocol was used on a dynamometer with the following 

variables: 

1) Maximum force PT1 of the dominant (right) arm (N), 

▪ Relative force PT1 of the dominant (right) arm (N), 

▪ Maximum rate of force development of the dominant (right)  arm PT1 (s) 

– Time Fmax test 1, 

▪ Maximum force PT1 of the subdominant (left) arm (N), 

▪ Relative force PT1 of the subdominant (left) arm (N), 

▪ Maximum rate of force development of the subdominant (left) arm PT1 (s) 

– Time Fmax test 1, 

▪ Maximum force PT2 of the dominant (right) arm (N), 

▪ Relative force PT2 of the dominant (right) arm (N), 
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▪ Maximum rate of force development of the dominant (right) arm PT2 (s) – 

Time Fmax test 2, 

▪ Maximum force PT2 of the subdominant (left)  arm (N), 

▪ Relative force PT2 of the subdominant (left) arm (N), 

▪ Maximum rate of force development of the subdominant (left) arm PT2 (s) 

– Time Fmax test 2, 

▪ Relative force of the dominant (right) arm vs. forearm circumference PT1, 

▪ Relative force of the dominant (right) arm vs. forearm circumference PT2, 

▪ Relative force of the subdominant (left) arm vs. forearm circumference 

PT1, 

▪ Relative force of the subdominant (left) arm vs. forearm circumference 

PT2. 

Testing Protocol 

 Measurements were conducted following standard ISAK protocols. For each 

participant, a personal file containing all data was created, after which the data were 

transferred into matrices and subjected to mathematical and statistical processing. 

The testing was conducted by electronic dynamometer (Hand Dynamometer, 

www.vernier.com/bta) with accompanying software (LabQuest Stream). The 

dynamometer software recorded the exerted forces and the time required to achieve 

and maintain maximum force levels. It also generated force distribution charts as a 

function of test duration. A maximum isometric voluntary contraction test of hand 

flexors was conducted on both the left and right arms, but using different test 

protocols with varying elbow joint angle, as follows: 

1. Protocol test 1 – elbow joint angle of 90° (PT1)  

2. Protocol test 2 – elbow joint angle of 180° (PT2) 

The mean circumference of the forearms (dominant and subdominant) of all 

participants was measured before measuring the forces by dynamometer. 

Maximal and relative muscle strength of the arms and the time interval of force 

exertion were measured on participants in seated position, with back resting against 

the backrest and the feet on the floor for measuring the hand muscle strength. The 

forearm was resting on a surface, the elbow joint bent at a 90˚ angle (PT1), and the 

hand holding the dynamometer in a neutral position. This position allowed for the 

isolation of the body part and muscle group to be tested, without the involvement of 

other muscles that could affect the value of the generated force. 

The second test protocol (PT2) was similar to the first, except that the angle of 

the elbow joint was 180˚. The starting position for the testing was the same – 

participants were seated, with the back resting against the backrest and the feet on 

the floor. The tests were conducted using the dominant (right) and subdominant (left) 

hand under varying test conditions involving changes in the elbow joint angle at 90˚ 

and 180˚. 

Statistical data processing 

The data were processed using descriptive and comparative statistical methods. 

Descriptive statistics included the calculation of the mean and standard deviation 

(SD). To determine the quantitative differences between the dominant and 
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subdominant arm within the system of motor variables, a dependent samples t-test 

was applied. Values less than 0.05 were considered statistically significant 

(*Sig.<0.05). All calculations were performed using the software SPSS for 

Windows, version 20.0. 

3. Results and Discussions 

The results of the study are integrated in the form of relevant statistical 

parameters and presented in five tables.  
 

Table 1. Differences in maximum force of the Right and Left arm PT1 (90°) vs. PT2 (180°)  

 

 Variables Mean ± SD 
Diff. 

Mean 
t P 

1 
Maximum  force PT1 – Right arm (N) 339.41 ± 107.94 

25.61 2.81 0.02* 
Maximum  force PT1 -  Left arm (N) 313.80 ± 95.60 

2 
Maximum  force PT2 - Right arm (N) 328.15 ± 118.47 

4.47 0.38 0.71 
Maximum  force PT2 – Left arm (N) 323.68 ± 109.45 

 

The maximum force of the right and left arm using PT1 showed  significant 

differences, in favour of the right arm (p=0.02; t=2.81) and a numerical difference 

of 25.61N. (Table 1). In PT2, no statistically significant differences were observed 

between the right and left arm (p=0.71), although a difference in the mean values 

(4.47 N) was observed, favouring the dominant arm (Table 1). 

 
Table 2. Differences in relative strength of the Right arm relative to the mass of the Left 

arm PT1 (90°) vs. PT2 (180°) 

 

 Variables 
Mean ± 

SD 

Diff. 

Mean 
t P 

1 
Rel.. force PT1 of the Right arm vs body mass (N) 4.23 ± 1.06 

0.31 2.72 0.02* 
Rel.. force PT1 of the Left arm vs body mass (N) 3.92 ± 0.94 

2 
Rel.. force PT2 of the Right arm vs body mass (N) 4.07 ± 1.16 

0.06 0.37 0.71 
Rel.. force PT2 of the Left arm vs   body mass (N) 4.01 ± 0.68 

 

The relative force of the right and left arms in relation to body mass PT1 

showed a  significant difference in favour of the dominant right arm (p=0.02; t=2.72) 

with a minimal difference (0.31N).  

In PT2, no statistically significant differences were observed between the right 

and left arms in relative force in relation to body mass (p=0.71), with a negligible 

difference (0.06 N), but in favour of the right dominant arm (Table 2). 
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Table 3. Differences in relative force of the Right and Left arm PT1 (90°) vs. PT2 (180˚) 

depending on forearm circumference 

 

 Variables 
Mean ± SD 

 

Diff. 

Mean 
t p 

1 
Rel. force of the Right arm vs  forearm circumf. PT1 12.38 ± 3.05 

0.82 2.51 0.02* 
Rel. force of the Left arm vs. forearm circumf. PT1 11.56 ± 2.75 

2 
Rel. force of the Right arm vs. forearm circumf. PT2 11.92 ± 3.32 

0.07 0.16 0.87 
Rel. force of the Left arm vs. forearm circumf. PT2 11.85 ± 2.89 

 

Table 3 defines the relative force of the right and left arm in relation to forearm 

circumference. PT1 significantly confirms dominance and a statistically significant 

difference (p=0.02; t=2.51) in favour of the right dominant arm, with a difference of 

0.82N. The application of PT2 did not confirm statistically significant differences 

between the right and left arm (p=0.87), with a minimal difference in means (0.07 

N) in favour of the right hand. 
 

Table 4. Differences in maximum and relative force of the Right arm PT1 (90°) vs. PT2 

(180˚) body mass and in relation to forearm circumference 

 

 Variables 
Mean ± SD 

 

Diff. 

Mean 
t p 

1 
Max. force PT1 - Right arm (N) 339.41 ± 107.94 

11.26 1.21 0.24 
Max. force PT2 - Right arm (N) 328.15 ± 118.48 

2 
Rel.. force PT1 of the Right arm vs body mass (N) 4.23 ± 1.06 

0.16 1.33 0.20 
Rel.. force PT2 of the Right arm vs  body mass (N) 4.07 ± 1.16 

3 
Rel.. force of the Right arm vs. forearm circumf. PT1 12.38 ± 3.05 

0.46 1.36 0.19 
Rel.. force of the Right arm vs. forearm circumf. PT2 11.92 ± 0.32 

 

The differences in the force exerted by the dominant hand across different 

test protocols were also analysed (Table 4). The maximum force of the right hand in 

PT1 and PT2 did not significantly differ (p=0.24), and no significant difference was 

found in the relative force measured in PT1 and PT2 for the right hand in relation to 

body mass (p=0.20).  

Certain differences in means were observed (11.26 N) for maximum force 

and in relative force in relation to body mass (0.16 N). In the third analysed variable, 

the relative force of the dominant hand in relation to forearm circumference, no 

statistically significant differences were observed in PT1 and PT2 (p=0.19), although 

a slight difference in means (0.46 N) was noted in favour of the dominant hand in 

PT1 (Table 4). 
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Table 5. Differences in maximum and relative force of the Left arm PT1 (90°) vs. PT2 

(180˚) body mass and in relation to forearm circumference 

 

 

Table 5 analyses the differences in the force exerted by the left subdominant 

arm in different test protocols. When testing the maximum force of the left arm 

depending on the test protocol, it was found that there were no statistically significant 

differences between the two test protocols (p=0.44).  

Similarly, no statistically significant differences were found in relative force 

between PT1 and PT2 (p=0.53), nor in the relative force of the left arm in relation to 

forearm circumference between PT1 and PT2 (p=0.52).  Minimal differences in 

means were found in all three variables in favour of PT2: -9.89 N in the variable 

assessing the maximum force, -0.10 N in the relative force variable between PT1 and 

PT2 in relation to body mass, and -0.29 N in the variable for relative force of the 

subdominant arm in relation to forearm circumference. 

Discussions 

The aim of the study was to detect differences in the manifestation of muscle 

force (absolute and relative) of the dominant and subdominant arm depending on the 

elbow joint angle, body mass, and forearm circumference in recreational athletes 

from Sjenica (Republic of Serbia).  

Several studies have published normative data on the maximum grip strength 

for different populations measured by various measurement methods (Häger-Rossi 

& Rosblad, 2002). If we take the maximum grip strength of the participants in this 

study and compare it with those from similar studies (Dopsaj et al., 2011; Kljajić et 

al., 2012), we can see that male participants they have less grip strength in both 

hands. A lower average value of maximum male strength was recorded compared to 

previous studies. However, the differences should be taken with caution, as the 

participants in the current study are recreational athletes, while the participants in the 

referenced studies are individuals undergoing police training. 

In the current study, the development of grip strength among male participants, 

recreational athletes from Sjenica, the average value for the dominant (right) arm 

observed was 339±107.94 N. Compared to participants from the Police Academy of 

similar age, the same arm has significantly lower values (Dopsaj et al., 2011). 

Participants from the Police Academy achieved nearly double the maximum 

force of the right dominant hand (599.19±52.33N vs. 339±107.94N) and nearly 

 Variables 
Mean ± SD 

 

Diff. 

Mean 
t p 

1 
Maximum force PT1 - Left arm (N) 313.80 ± 95.61 

-9.89 -0.79 0.44 
Max. force PT2 - Left arm (N) 323.68 ± 109.45 

2 
Rela.. force PT1 of the Left arm vs body mass (N) 3.92 ± 0.94 

-0.10 -0.64 0.53 
Rel.. force PT2 of the Left arm vs body mass (N) 4.02 ± 0.98 

3 
Rel.. force of the Left arm vs. forearm circumf. PT1 11.56 ± 2.75 

-0.29 -0.66 0.52 
Rel.. force of the Left arm vs. forearm circumf. PT2 11.85 ± 2.89 
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double the force of the left subdominant hand (313.41±95.61N vs. 560.31±60.05N). 

Such data in favor of the Police Academy participants can be linked to their lifestyle 

and training regimen. Other explanation would be that it can be attributed to the 

greater engagement of finger muscles when handling weapons, as well as during 

martial arts regularly practiced as part of their training and education. Daily weapons 

handling and regular training regularly clearly lead to the overall strength and arm 

muscle strength levels being much higher than those of recreational athletes of the 

same age. 

The literature provides ample evidence of the general rule that the dominant 

arm is approximately 10% stronger than the subdominant arm (Häger-Rossi & 

Rosblad, 2002; Günther, Bürger, Rickert, Crispin & Schulz, 2008; Fernandes et al.,  

2014), both in men and women. Our study shows that in male participants, the 

dominant arm generated 7.55% greater maximal force compared to the subdominant 

arm, indicating that it is stronger. The results of the current study align with the 

aforementioned rule and the findings of researchers in this field.  

Since one arm is always dominant, muscle asymmetry of the arms occurs. The 

right arm of healthy adults tends to be faster (Elliott, Heath, Binsted, Ricker, Roy, 

and Chua, 1999), more precise (Roy, Kalbfleisch & Elliott, 1994), and stronger 

(Elliott et al., 1999) than the left arm. The error in achieving the defined hand grip 

strength can be considered from two aspects.  

The first aspect relates to the manifestation of strength in the dominant and 

subdominant hands, which can be attributed to the greater use of the right dominant 

hand in adults throughout life. Muscles that are used more frequently on a daily basis 

exhibit better intra-muscular and inter-muscular coordination, with faster activation 

of motor neurons, which directly influences the manifested force. During voluntary 

muscle contraction, motor units are activated in a systematic order, leading to a 

gradual increase in force in the muscle according to the so-called size principle. Thus, 

the small alpha motor neurons, which innervate slow muscle fibers (type I), are 

activated first. However, if a greater level of muscle force is required, after the slow 

muscle fibers, there is a gradual activation of larger alpha motor neurons and fast 

muscle fibers (type II). The size principle is a rule that applies to all types of muscle 

contractions (Cormie, McGuigan & Newton, 2011), and this was also true in this 

testing, where all available motor neurons had to be activated in order to produce 

maximal force.  

In daily activities, more frequent use of one arm implies a greater manifestation 

of force in that arm compared to the other. This happens because the muscles and 

their muscle fibers are better coordinated, activate more quickly, and thereby 

generate greater strength due to daily increased strain and higher tone. At the resting 

length of the muscle, the actin and myosin filaments are positioned next to each 

other, allowing for the maximum number of potential binding sites to be available. 

Under such conditions, the muscle can generate the greatest force. When the muscle 

is significantly stretched compared to its resting length, the actin and myosin 

filaments move apart, reducing the number of potential binding sites, which creates 

unfavorable conditions for generating maximum force. When the muscle contracts 
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and significantly shortens compared to its resting length, the actin filaments overlap, 

reducing the number of potential binding sites between actin and myosin, which in 

turn decreases the ability to generate force. The recruitment of a greater number of 

muscle fibers in the contraction, which also contributes to a higher force generated 

during the movement, depends on neural control. In order to stimulate such 

coordinated action between the nervous system and muscles, a stimulation, such as 

an adequate training, is required.  

If we make a connection between these data and the results indicating 

difference in the manifestation of maximum muscle force depending on the mass of 

the subject and especially forearm circumference, then the obtained results should 

be viewed from the perspective of muscle cross-sectional area. The size, or the 

surface area, of the physiological cross-section of the muscles is associated with the 

manifestation of force in the cranial extremities. 

The maximal force exhibited by each muscle fiber is directly related to the size 

of its cross-sectional area, regardless of its type (Silva-Santos, Guerra, Valdiviesso & 

Amaral, 2024). Since strength is directly responsible for the manifestation of force, 

this means that a muscle fiber with a larger cross-sectional area can produce greater 

strength (MacIntosh & Holash, 2000; Methenitis et al., 2019).  

 In conclusion, it is evident that a muscle with a larger physiological cross-

section generates greater force, and consequently greater strength. It follows that a 

larger forearm circumference is responsible for a greater manifestation of both 

relative and absolute strength during the PT1 (90˚) test. 

The results of the study also confirmed the presence of the manifestation of 

relative strength of the right and left arm, which is determined by body mass and 

forearm circumference at an elbow joint angle of 90˚ (PT1). These results confirm 

previous claims regarding the difference in strength of the upper extremities, the right  

and left arm, and the impact of body mass on the manifestation of strength, aligning 

the results with those of Budziareck, Pureza, Duarte, and Barbosa-Silva (2008) and 

Bohannon (2015), who suggest that maximum grip strength depends on 

morphological parameters, primarily body mass and BMI. 

The results obtained regarding the difference in arm muscle strength in 

participants engaged in recreational sports suggest that there is an opportunity to 

work on the strength of the other (subdominant) hand and the need for greater 

engagement of symmetrical muscle groups in order to maintain body muscle balance. 

In this way, a reliable measurement procedure has been established, enabling the 

diagnosis of the level of functional and work capacity of the examined contractile 

properties of the hand. The obtained data should and can be used for measuring the 

mentioned capacities in individuals with different levels of training. 

Future research could focus on the rate of maximal muscle force and its 

exertion within a specific time interval. The results of the study conducted on 

participants from Sjenica indicate that the mechanical properties of muscles can be 

examined during the performance of complex motor tasks, as such tasks activate 

multi-joint systems and muscles through the application of various external loads.  
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The results indicate that there is a difference in the manifestation of muscle 

strength between the dominant and subdominant arm muscles in recreational 

athletes. Complex motor tasks could also be developed into relatively simple and 

ecologically valid tests for assessing the force, speed, and strength capacity of the 

muscular system. 

4. Conclusions  

Based on the obtained research results, when analysing the development of 

maximum strength, relative strength in relation to body mass, and relative strength 

in relation to forearm circumference using the Hand Grip Strength (HGS) test, it can 

be concluded that there are statistically significant differences in the variables of 

maximum force PT1—right and left hand (p=0.02), in favour of the dominant hand. 

Statistically significant differences were also recorded in the variables of relative 

force in the test protocol for the right and left arm in relation to body mass (p=0.02), 

in favour of the dominant arm. There are statistically significant differences in the 

variable of relative force for the right dominant and left subdominant arm in relation 

to forearm circumference PT1 (p=0.02), in favour of the right arm. In the other 

analysed domains, no statistically significant differences were observed using the 

dependent samples t-test (p>0.05). It was also confirmed that body mass plays a 

significant role in the development of hand grip strength, especially considering the 

dominant (right) and subdominant (left)  arm, and that the average forearm 

circumference influences hand grip strength in PT1. 

 A limitation of the study was the small sample size and the absence of left-

handed athletes, which could have provided a more comprehensive understanding of 

the research.  

References 

1. ALEXE, C.I., GRIGORE V., LARION, A., & ALEXE, D.I. (2012). The 

relationship between competition stress and biological reactions in practicing 

performance in athletics, Ovidius University Annals, Series Physical Education 

and Sport / Science, Movement and Health, XII (1), 5-10  

2. ASSMANN, M., STEINMETZ, G., SCHILLING, A. F., & SAUL, D. (2020). 

Comparison of Grip Strength in Recreational Climbers and Non-Climbing 

Athletes - A Cross-Sectional Study. International Journal of Environmental 

Research and Public Health, 18(1), 129. doi: 10.3390/ijerph18010129 

3. BELLUMORI, M., JARIC, S. & KNIGHT, C.A. (2013). Age-related decline in 

the rate of force development scaling factor. Control 17(4):370– 381. doi: 

10.1123/mcj.17.4.370 

4. BOHANNON, R. W. (2015). Muscle strength. Current Opinion in Clinical 

Nutrition and Metabolic Care, 18(5), 465–470. doi: 

10.1097/MCO.0000000000000202 

5. BOJSEN-MØLLER, J., MAGNUSSON, S. P., RASMUSSEN, L. R., KJAER, 

M. & AAGAARD, P. (2005). Muscle performance during maximal isometric 



Radulović N. et al. / Gymnasium - Scientific Journal of Education, Sports, and Health 

ISSUE 1, VOL. XXVI / 2025 

40 
 

and dynamic contractions is influenced by the stiffness of the tendinous 

structures. Journal of Applied Physiology, 99(3), 986-994. doi: 

10.1152/japplphysiol.01305.2004 

6. BUDZIARECK, M.B., PUREZA DUARTE, R.R., & BARBOSA-SILVA, 

M.C.G. (2008). Reference values and determinants for handgrip strength in 

healthy subjects. Clinical Nutrition, 27(3), 357–362. doi: 

10.1016/j.clnu.2008.03.008 

7. ČOH, M.I. & BOŠNJAK, G. (2010). Neuro-mišićne karakteristike maksimalne 

sprinterske brzine. Sport Logia, 6(1), 28-35. doi: 10.5550/sgia.1001028 

8. CORMIE, P., MCGUIGAN, M.R. & NEWTON, R.U. (2011). Developing 

maximal neuromuscular power: Part 1 – biological basis of maximal power 

production. Sports Medicine, 41(1), 17-38. doi: 10.2165/11537690-000000000-

00000 

9. DOPSAJ, M., KLJAJIĆ, D., EMINOVIĆ, F., KOROPANOVSKI, M., 

DIMITRIJEVIĆ, R. & STOJKOVIĆ, I. (2011). Modelni pokazatelji 

karakteristika mišićne sile kod mladih i zdravih osoba pri motoričkom zadatku 

stisak šake: pilot istraživanje. Specijalna edukacija i rehabilitacija, 10(1), 15-

36. ID 183888652 

10. ELEFTHERIOS, K. & BLAZEVICH, A. J. (2022). Hamstrings force-length 

relationships and their implications for angle-specific joint torques: a narrative 

review. BMC Sports Science and Medicine Rehabilitation, 14(1), 166. doi: 

10.1186/s13102-022-00555-6 

11. ELLIOTT, D., HEATH, M., BINSTED, G., RICKER, K.L., ROY, E.A., & 

CHUA, R. (1999). Goal-directed aiming: correcting a force-specification error 

with the right and left hands. Journal of Motor Behavior, 3(4), 309-324. doi: 

10.1080/00222899909600997 

12. FERNANDES, A.A., NATALI, A.J., VIEIRA, B.C., NEVES DO VALLE, 

M.A.A., MOREIRA, D.G., MASSY-WESTROPP, N., & MARINS, B. (2014). 

The relationship between hand grip strength and anthropometric parameters in 

men. Archivos de Medicina del Deporte, 31(3), 160-164. 

https://femede.es/documentos/12_or03_161.pdf 

13. GÜNTHER, C.M., BÜRGER, A., RICKERT, M., CRISPIN, A., & SCHULZ, 

C.U. (2008). Grip strength in healthy caucasian adults: reference values. 

Journal of Hand Surgery Amertican, 33(4), 558-565. doi: 

10.1016/j.jhsa.2008.01.008 

14. HAFF, G.I. & TRIPLETT, T. (2018). Osnove treninga snage i kondicionog 

treninga 4. Izdanje. Beograd. Data Status. Isbn: 9788674784921 

15. HÄGER-ROSS, C. & RÖSBLAD B. (2002). Norms for grip strength in 

children aged 4-16 years. Acta Paediatrica, 91(6), 617-625. doi: 

10.1080/080352502760068990 

 

https://femede.es/documentos/12_or03_161.pdf


Radulović N. et al. / Gymnasium - Scientific Journal of Education, Sports, and Health 

ISSUE 1, VOL. XXVI / 2025 

41 
 

16. ISHIDA, H., & WATANABE, S. (2013). Changes in lateral abdominal muscles' 

thickness immediately after the abdominal drawing-in maneuver and maximum 

expiration. Journal of Bodywork Movement Therapies,17(2), 254-258. doi: 

10.1016/j.jbmt.2012.12.002 

17. JOUIRA, G., REBAI, H., ALEXE, D. I., & SAHLI, S. (2024). Effect of 

Combined Training With Balance, Strength, and Plyometrics on Physical 

Performance in Male Sprint Athletes With Intellectual Disabilities. Adapted 

Physical Activity Quarterly, 41(3), 382-401 doi.org/10.1123/apaq.2023-0105 

18. KLAWITTER, L.A., HACKNEY, K.J., CHRISTENSEN, B.K., HAMM, J.M., 

HANSON, M. & MCGRATH, R. (2023). Using Electronic Handgrip 

Dynamometry and Accelerometry to Examine Multiple Aspects of Handgrip 

Function in Master Endurance Athletes: A Pilot Study. Journal of Strength and 

Conditioning Research, 37(9), 1777-1782. doi: 

10.1519/JSC.0000000000004459 

19. KLJAJIĆ, D., EMINOVIĆ, F., TRGOVČEVIĆ, S., DIMITRIJEVIĆ, R.I. &  

DOPSAJ, M. (2012). Functional relationship between the non-dominant and 

dominant hand during a motor task – handgrip strength endurance. [In Serbian]. 

Specijalna edukacija i rehabilitacija, 11(1), 67-85. ID: 189869324 

20. LANGFORD, M., HACKNEY, K.J., ANDREW, S., BATESOLE, J., 

BERNTSON, M., BLACK, K.…& MCGRATH, R. (2024). The Relationships 

Between Upper and Lower Extremity Muscle Strength, Rate of Force 

Development, and Fatigue in Adults. International Journal of Exercise Science, 

17(4), 1155-1166. PMID: 39258121; PMCID: PMC11385288. 

21. MACINTOSH, B.R. & HOLASH, R.J. (2000). Power output and force-velocity 

properties of muscle. In: Nigg, B. M., MacIntosh, B. R. & Mester, J. (editors) 

„Biomechanics and biology of movement”, 193-210. Champaign (IL): Human 

Kinetics, Inc. 

22. METHENITIS, S., SPENGOS, K., ZARAS, N., STASINAKI, A.-N., 

PAPADIMAS, G., KARAMPATSOS, G., & TERZIS, G. (2019). Fiber Type 

Composition And Rate Of Force Development In Endurance And Resistance 

Trained Individuals. Journal of Strength and Conditioning Research, 33(9), 

2388-2397. doi: 10.1519/JSC.0000000000002150 

23. ROY, E.A., KALBFLEISCH, L., & ELLIOTT, D. (1994). Kinematic analyses 

of manual asymmetries in visual aiming movements. Brain Cognition, 24(2), 

289-295. doi: 10.1006/brcg.1994.1017 

24. SILVA-SANTOS, T., GUERRA, R.S., VALDIVIESSO, R. & AMARAL, T.F. 

(2024). Hand Grip Force-Time Curve Indicators Evaluated by Dynamometer: 

A Systematic Review. Nutrients, 16(12), 1951. doi: 10.3390/nu16121951 

25. TRYBULSKI, R, MAKAR, P, ALEXE, D.I., STANCIU, S, PIWOWAR, R., 

WILK, M. & KRZYSZTOFIK, M. (2022). Post-Activation Performance 

Enhancement: Save Time With Active Intra-Complex Recovery Intervals. 

https://doi.org/10.1123/apaq.2023-0105


Radulović N. et al. / Gymnasium - Scientific Journal of Education, Sports, and Health 

ISSUE 1, VOL. XXVI / 2025 

42 
 

Front. Physiol. 13:840722, doi: 10.3389/fphys.2022.840722 

26. YAMAUCHI, J. & ISHII, N. (2007). Relations between force–velocity 

characteristics of the knee-hip extension movement and vertical jump 

performance. Journal of Strength and Conditioning Research, 21(3), 703–709. 

doi: 10.1519/R-20516.1 

27. YAMAUCHI, J., MISHIMA, C., NAKAYAMA, S & ISHII, N. (2009). Force–

velocity, force–power relationships of bilateral and unilateral leg multi-joint 

movements in young and elderly women. Journals of Biomechanics, 42(13), 

2151–2157. doi: 10.1016/j.jbiomech.2009.05.032. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
©2017 by the authors. Licensee „GYMNASIUM” - Scientific Journal of 

Education, Sports, and Health, „Vasile Alecsandri” University of Bacău, Romania. 

This article is an open access article distributed under the terms and conditions of the Creative 

Commons Attribution ShareAlike 4.0 International (CC BY SA) license 

(http://creativecommons.org/licenses/by-sa/4.0/). 


