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Abstract Background: Explosive strength or muscle power plays a decisive role in the motor perfor-
mance of all athletes. Purpose: Analysis of muscle strength variations for female students of the 
Faculty of Physical Education and Sport/undergraduate level, according to sports specializations. 
Material and method: The study included 77 women (age = 20.48 ± 1.37 years, weight = 58.79 ± 8.92 
kg, height = 166.24 ± 7.13 cm), divided into 3 evaluation subgroups (Non-athletes/NA = 40 cases, 
Team sports games/TSG = 17 cases and IS/Individual sports = 20 cases). Explosive strength rating 
was based on 7 lower body tests and 6 upper body tests. Manova parametric techniques were ap-
plied. Results: The analysis of variance indicates significant differences between the 3 defined 
groups, the F values correspond to thresholds p <0.05. Pairwise analysis highlights the statistical 
superiority of TSG and IS groups compared to NA. We noted better values of the TSG group of 
women in all upper body strength assessment tests, but these differences are not significant (p>0.05). 
Top performance values are dominated by sprinters and volleyball players for the lower body, re-
spectively by handball, volleyball and karate players for the upper body, as-pects confirmed by the 
studied sources. Conclusion: We did not identify significant differences between the groups of ath-
letes (TSG and IS), and the top values according to sports specialization reinforce the results of other 
similar studies, the specific effort obviously infusing the performance in the muscle strength tests. 

 
Keywords:  specific effort, muscle power, rapid contractions, adaptation, university students  

1. Introduction 
Muscular strength (FxV) involves the ability to perform explosive movements, being 

decisive in increasing sports results in team sports as well as in individual ones. Explosive 
movements in team sports, track and field or combat sports require high levels of muscle 
power [1–10]. Physical activities (leisure and performance) have a role in the development 
of effort capacity and quality of life [11–20].  

The use of Squat Jump Training, with reduced volumes of work for sedentary youth 
(21.5 years) generated an increase in the power of performance in jumps, as an effect of 
muscle coordination and neural adaptations [21]. The superior physical performances of 
athletes and those who are physically active are explained by the beneficial effects of phys-
ical exercises (improving musculo-skeletal, cardiovascular and anti-inflammatory func-
tions), even if there are also studies that signal the negative impact of physical demands, 
associated with oxidative stress [22,23].  

The effect of dehydration on muscle power is different, depending on the tests ap-
plied: studies on athletes (20-23 years old) indicate that there are no significant decreases 
in vertical jump performance and maximal isometric force, but the result in 10m acceler-
ation is negatively influenced by dehydration [24]. The strength deficits at thigh and hip 
level increase injury risk and limits the functional performance during jumping in studies 
of recreational athletes of both sexes [25].  
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Performances in jumping variants and body stability tests are influenced by the man-
ifestation of muscle fatigue, the rates/level of fatigue being different depending on the leg 
(dominant vs non-dominant), fatigue increases the bilateral asymmetry in jumping per-
formances [26]. Interlimb asymmetry in soccer players (Premier League U23, U19 and 
U16) is associated with lower physical performance in lower limb power tests (short dis-
tance sprint and vertical jump) in all age groups [27]. This aspect is also confirmed for 
young female soccer players, where poorer sprint times are negatively associated with 
vertical asymmetries in the CMJ test [28]. The presence of large asymmetries for Spanish 
handball and basketball players (18.98 years) could negatively influence the results of the 
vertical and horizontal jump tests. [29].  

 Increases in Fat Mass are negatively associated with the performance of young Cro-
atian adolescent girls in the Standing Long Jump test, and for those in the Fat Free Mass 
category, positive associations are obtained [30]. The use of acupuncture on a group of 
physically active Chinese university students (23.8 years old) generated an improvement 
in joint stiffness and improvement in the level of explosive force at the level of the knee 
joint [31]. Strong and significant associations between core stability and upper body 
strength test performance assessed by medicine ball chest throw are identified for Saudi 
Arabian student athletes [32]. Studies based on meta-analysis establish the effects of prac-
ticing the martial art of Taekwondo on fitness values, including lower body muscle 
strength. If for the Standing Long Jump the effects are moderate, for the Vertical jump test 
very strong effects are identified, possibly as a result of the vertical jumps from the 
fighting technique [33]. Explosive leg and arm strength is also important in badminton, 
ensuring quick movements and higher hitting speed [34].  

A study on female handball players in the first Spanish league confirms anthropo-
metric differences (at the level of the upper body) and superiority in ball throwing speed 
for top elite players compared to elite level players [35]. Muscle strength values in jump 
tests increase with training accumulations and body maturation. The comparison between 
young (16 years old) and experienced (24.8 years old) female volleyball players shows 
higher values for the latter in lower limb strength tests, according to [36]. For young Cro-
atian female volleyball players, no variations in physical performance are reported ac-
cording to playing positions, but there are major differences in upper and lower body 
muscle strength tests between successful players and those with poor sports performance 
[37]. Analysis by age, gender, playing position and competitive level of vertical jump 
(CMJ) performance for soccer players provides interesting information. No significant dif-
ferences are identified between the positions on the field, although Fullbacks have the best 
values, followed by Midfielders, Central Def., Goalkeepers and Strikers. The U19 women 
have lower scores than the seniors, an aspect also confirmed in the case of the men. Players 
in the national league have superior explosive strength to those in the regional or local 
leagues, at all age groups, so the higher competitive level also requires a higher level of 
fitness [38]. High-performing female sprinters from Serbia (as opposed to younger ones) 
have a higher capacity to transform explosive strength per unit of time, as well as better 
concentric phase velocity for vertical jumps, which are correlated with performance in 
sprint tests. [39].  

Research on Spanish students has identified better physical and academic perfor-
mance for those who use less the mobile phone (and presumably spend more time on 
physical activities), with boys performing better than girls. This batch achieves superior 
results in standing long jump/SLJ and Overhead Medicine Ball Throw (forwards) [40]. 
Specific training in volleyball and basketball (for 3 years) ensures neuromuscular adapta-
tions and improved muscle strength values for female athletes, compared to non-athletic 
groups. Better performances in vertical jump and medicine ball throw/3kg are identified, 
and volleyball female players have higher values than basketball female players in vertical 
jump, according to [41].  

A comparative analysis between anthropometric characteristics and motor skills of 
female volleyball players (19.57 years old) and basketball players (21.92 years old) from 
Turkey identified higher height and body weight values for basketball players, and in the 
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10m acceleration test, volleyball female players have significantly better results [42]. The 
specifics of the practiced sport decisively influence the value of performance in power 
tests. Poorer performance of US college basketball players (20 years old) compared to soc-
cer players (19.2 years old) for frontal jumps (medial and lateral triple hop tests) is identi-
fied [43]. Studies of sprinters and high jumpers (elite level) report no significant differ-
ences between these categories in vertical jump value, even though sprinters have a 
slightly better average score. Differences between the sexes of approximately 10 cm are 
identified, in favor of men [44]. A comparison of lower body muscle strength values be-
tween young girls practicing athletics and aerobic gymnastics revealed the (non-signifi-
cant) superiority of female athletes for countermovement jump/CMJ and Squat jump, and 
female gymnasts have a better score for repeated vertical jumps [45]. The comparison of 
muscular strength and speed performances between athletic (soccer, netball, badminton 
and athletic) and non-athletic (21.18 years old) female university students in Ghana indi-
cates significantly better performance of female athletes for speed and shoulder and arm 
strength, but not for leg strength, where soccer, athletics and badminton players have su-
perior performances compared to netball [46]. The type of martial arts practiced influences 
the vertical jump values. The comparison between Indian female judoka and Wushu ath-
letes indicates a significant superiority for the female judoka group [47].  

The purpose of the research:  Our investigation aimed to identify the differences that 
occur between female university students in the Faculty of Physical Education and Sport, 
for upper and lower body explosive power, by comparing the results of the Non-ath-
letes/NA, Team sports games/TSG and Individual sports/IS groups.  

2. Materials and Methods 
2.1. Participants  

77 female university students/undergraduate students from the Faculty of Physical 
Education and Sport in Galati (age = 20.48 ± 1.37 years, weight = 58.79 ± 8.92 kg, height = 
166.24 ± 7.13 cm) were involved in the study. The batch was divided into 3 distinct cate-
gories: Non-athletes/NA (40 cases), Team sports games/TSG (basketball 3, handball 7, vol-
leyball 6, hockey 1) and Individual sports/IS (track and field 5, cycling 1, sports dance 3, 
fitness 8, karate 1, swimming 1, tennis 1). The number of subjects and percentages for each 
category are summarized in Table 1. The research was scheduled in the last month of 
teaching activity (May) of the 2nd semester of 2019. All subjects were instructed about the 
purpose of the study, and the conditions for applying the evaluation tests. Data confiden-
tiality requirements for research involving human subjects were followed with [48,49]. 

 
Table 1. Division of the batch by sports specializations 

Gender Participants Non-athletes  Team sports games  Individual sports 

 Female 77 (100%) 40 (51.94%). 17 (22.08%)  20 (25.98%) 

 
2.2. The organization of the research  

The testing of the student group was carried out in the Research Center for Human 
Performance, affiliated to the Faculty of Physical Education and Sport in Galati. Explosive 
strength of the upper and lower body was evaluated by the following 13 field tests: (Shot 
put/track and field, Medicine ball chest throw, Overhead Medicine Ball Throw-forward, 
Overhead Medicine Ball Throw, 30s Plyometric Push-Ups, Shot Overhand ball throw, 
SLJ/Standing Long Jump Test, VJT/Vertical Jump Test, 3-Hop Test, 30s Lateral double leg 
hop, 30s Continuous vertical jumps, The multiple 5 bounds test, Speed Test 10m), accord-
ing to information provided by [50].  

 
2.3. The statistical analysis of data  

 
The SPSS software (Statistical Package for the Social Sciences/IBM Vers.24 Chicago, 

IL, USA). was used to calculate the research results. The normality distribution curve of 
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the data was checked for each test at the level of the investigated groups. The parametric 
MANOVA techniques (multivariate and univariate tests) were applied, the highlighting 
of F values and significance thresholds for the differences between the averages of the 
analyzed pairs (with the use of Bonferroni Post Hoc Tests), the size effect/Ƞ2p calculation, 
Levene's Test of Equality of Error Variances. The confidence interval was set at 95% (p < 
0.05) [51–56]. 

3. Results  

Tables 2-8 present by sections the main values of the research for the group of univer-
sity students tested. 

 
Table 2. The results of the Multivariate Tests (MANOVAa). 

Gender Effect λ F 
Hypothesis 

df Error df Sig. Ƞ2p 
Observed 

Power 
Female Sport activity 0.289 4.106b 26.000 124.000 0.000 0.463 1.000 

a. Design:  Sport activity  
b. Exact statistic 
λ-Wilk’s lambda; F-Fisher test; df-degrees of freedom; Sig.-level of probability; Ƞ2p-partial 
eta squared 

The multivariate analysis (Multivariate Tests) indicates statistically significant influ-
ences (p < 0.05), with very strong values of the size effect/Ƞ2p (46.3% of the variance of the 
strength test results is explained by the Sport activity variable for women). 

 
Table 3. Univariate test results (ANOVA) – The influence of the Sport activity variable on the re-

sults of the lower body strength. tests. 

Dependent Variable Sum of 
Squares 

Mean 
Square 

Ff  
(2, 144) 

Sig. Partial Eta 
Squared 

Observed 
Power 

Vertical Jump Test/VJT 979.529 489.765 35.929 0.000 0.493 1.000 
Standing Long Jump Test/SLJ 12301.282 6150.641 25.555 0.000 0.409 1.000 

3-Hop Test 102220.739 51110.369 22.437 0.000 0.377 1.000 
The multiple 5 bounds test/MB5 182063.363 91031.682 15.231 0.000 0.292 0.999 

30s lateral double leg hop test 1561.869 780.935 13.771 0.000 0.271 0.998 
Speed Test 10m 0.312 0.126 21.780 0.000 0.371 1.000 

30s Continuous vertical jumps 241.148 120.574 7.443 0.001 0.167 0.933 
Ff (F-Fisher test female) 

For most lower body strength tests we report statistically significant differences 
through univariate test results. Partial Eta Squared values signal very strong effects only 
in women (eg 49.3% of performance variance in vertical jump height, 41.5% of variance in 
LFE, 37.7% of variance in 3 jumps etc.) are explained by the Sporting Activity variable. 

 
Table 4. Univariate test results (ANOVA) – The influence/effect of the variable Sport activity on the 

results of strength tests at the level of the upper body. 

Dependent Variable 
Sum of  
Squares 

Mean 
Square 

Ff 
(2, 144) Sig. 

Partial Eta 
Squared 

Observed 
Power 

Overhand ball throw (OBT) 925.991 462.995 24.643 0.000 0.400 1.000 
Shot put -track and field 153609.941 76804.971 9.965 0.000 0.212 0.981 
Overhead Medicine Ball 
Throw-forward 3kg 

172467.603 86233.802 9.268 0.000 0.200 0.973 

Overhead Medicine Ball 
Throw-backward 3kg 273584.428 136792.214 13.150 0.000 0.262 0.997 

Medicine ball chest throw 
3kg 

96495.494 48247.747 8.881 0.000 0.194 0.967 

30s Plyometric Push-
Ups/clap push ups 

136.237 68.118 5.161 0.008 0.122 0.812 
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Ff (F-Fisher test female) 
 

Univariate test at the level of the upper body, indicates significant influences of the 
independent variable Sport activity on the level of strength results (P<0.05). The Partial 
Eta Squared values indicate very strong effects of the Sport activity variable on perfor-
mances for women (40% of the variance in Overhand ball throw, 21.2% of the variance in 
weight throw or 26.2% of the variance in Throwing the medicine ball back over the head 
are explained by the Sport activity variable). The only value that indicates medium effects 
for the women's group is for the 30 s push-ups pliometric test (where only 12.2% of the 
variance is due to the independent variable). 

Table 5.  Analysis of the significance of differences between average scores by categories of sports 
activities in strength tests for the lower body / female (NA=40, TSG=17, IS=20).  

Test Group Mean  
Std.  

deviation 
Std.  
error a-b Sig.b  a-c Sig.b b-c Sig.b 

Vertical Jump 

Test/VJT 

a. NA 28.565 3.487 0.584 
-6.847* 0.000 -7.370* 0.000 -0.523 1.000 b. TSG 35.411 4.327 0.895 

c. IS 35.935 3.514 0.826 

Standing Long 
Jump Test/SLJ 

a. NA 164.325 14.422 2.453 
-19.734* 0.000 -28.625* 0.000 -8.891 0.259 b. TSG 183.647 16.998 3.763 

c. IS 192.950 16.343 3.469 

3-Hop Test 
a. NA 502.250 49.046 7.546 

-53.691* 0.001 -83.700* 0.000 -30.009 0.182 b. TSG 555.941 41.882 11.576 
c. IS 585.950 49.569 10.672 

The multiple 5 
bounds test/MB5 

a. NA 833.500 72.657 12.224 
-70.618* 0.007 -112.050* 0.000 -41.432 0.326 b. TSG 904.117 74.746 18.750 

c. IS 945.550 87.959 17.287 

30s lateral dou-
ble leg hop test 

a. NA 18.575 6.151 1.191 
-6.837* 0.007 -10.275* 0.000 -3.438 0.512 b. TSG 25.411 9.585 1.826 

c. IS 28.850 8.112 1.684 

Speed Test 10m 
a. NA 2.154 0.074 0.013 

0.123* 0.000 .131* 0.000 0.008 1.000 b. TSG 2.031 0.094 0.021 
c. IS 2.023 0.095 0.019 

30s Continuous 
vertical jumps 

a. NA 17.500 3.802 0.636 
-2.500 0.106 -4.100* 0.001 -1.600 0.696 b. TSG 20.000 4.000 0.976 

c. IS 21.600 4.465 0.900 
* The mean difference is significant at the .05 level.     

  
bAdjustment for multiple comparisons: Bonferroni.     

  
 

For the lower body it should be noted that the best results are obtained by the IS 
group, at the level of the entire set of applied tests, but the differences compared to the 
TSG group are not significant (P>0.05). The small number of participants in these two 
groups does not allow us to generalize this finding, especially since the IS group includes 
several performance athletes (speed runners), who definitely improve the average value 
of this group.  The differences between the 2 groups of athletes and the NA group are 
statistical-ly significant (P<0.05), with only one exception, also for Vertical jumps with ob-
ject touch – 30s, between the TSG and NA groups. 
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Table 6 - Analysis of the significance of differences between average scores by categories of sports 
activities in strength tests for the upper body / female (NA=40, SG=17, IS=20).  

Test Group Mean  
Std.  

deviation 
Std.  
error a-b Sig.b a-c Sig.b  b-c Sig.b  

Overhand ball 
throw (OBT) 

a. NA 22.470 3.495 0.685 
-8.236* 0.000 -5.265* 0.000 2.971 0.124 b. TSG 30.705 5.708 1.051 

c. IS 27.735 4.545 0.969 

Shot put -track 
and field 

a. NA 467.625 69.846 13.881 
-99.551* 0.001 -78.575* 0.005 20.976 1.000 b. TSG 567.176 114.875 21.293 

c. IS 546.200 94.299 19.631 
Overhead Medi-
cine Ball Throw-

forward 3kg 

a. NA 507.175 64.503 15.251 
-106.060*0.001 -82.475* 0.008 23.585 1.000 b. TSG 613.235 144.547 23.395 

c. IS 589.650 100.510 21.569 
Overhead Medi-
cine Ball Throw-

backward 3kg 

a. NA 581.950 92.831 16.126 
-138.344*0.000 -96.550* 0.003 41.794 0.654 b. TSG 720.294 113.761 24.736 

c. IS 678.500 109.208 22.806 

Medicine ball 

chest throw 3kg 

a. NA 476.125 39.353 11.654 
-73.522* 0.003 -68.425* 0.003 5.097 1.000 b. TSG 549.647 71.924 17.876 

c. IS 544.550 116.717 16.481 
30s Plyometric 
Push-Ups/clap 

push ups 

a. NA 1.300 2.472 0.574 
-2.876* 0.023 -2.450* 0.048 0.426 1.000 b. TSG 4.176 4.811 0.881 

c. IS 3.750 4.399 0.812 
* The mean difference is significant at the .05 level.       
bAdjustment for multiple comparisons: Bonferroni.       

The results of the women in the upper body strength evaluation tests indicate signif-
icant differences between the female athletes' groups and the NA group for all 6 tests 
(P<0.05), and between the TSG and IS groups we have neither at least a significant differ-
ence (P>0.05). However, we note the superiority of the averages of TSG female students 
compared to IS female students in all tests, so the strength demands related to throws in 
sports games are confirmed only for girls, by better results, but it must be taken into ac-
count that female soccer players do not exist in this group.  The most difficult test in this 
set is definitely the 30 s plyometric push-ups, in which 35 female students (25 from the 
NA group, 6 from the IS group and 4 from the TSG group) get a score of 0, so they cannot 
perform even one push-up. 

Table 7: The values of the best 3 individual results for each strength test at the lower body level (fe-
male/according to the practiced sport).  

Test  Gender 
Performance 1 

(sport)  

Performance 2 

(sport) 

Performance 3 

(sport)  

Vertical Jump Test/VJT F 45.5 (fitness) 44 (volleyball) 42 (volleyball)  

Standing Long Jump Test/SLJ F 238 (Track and field) 231 (volleyball) 221 (cycling) 

3-Hop Test F 722 (Track and field)  651(volleyball)  641 (cycling) 

The multiple 5 bounds 

test/MB5 
F 

1233 (Track and 

field) 
1027 (volleyball) 1025 (cycling) 

30s lateral double leg hop test F 49 (volleyball) 47 (fitness) 46 (non-athletes) 

Speed Test 10m F 1.76 (Track and field) 1.86 (volleyball) 1.89 (handball) 

30s Continuous vertical jumps F 29 (karate)  28 (fitness) 28 (handball) 
 

The superiority of volleyball players and sprinters for most lower body strength tests 
is evident (table 7). With one exception for girls (Vertical jump with object touch - 30s), 
those specializing in combat sports are not found in this ranking. Also among girls we 
identify the only case of superior performance of those from the NA group, for Lateral 
Jumps - 30 s. 
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Table 8: The values of the best 3 individual results for each strength test at the upper body level 
(female/according to the practiced sport).  

Test  Gender  
Performance 1 

(sport)  

Performance 2 

(sport) 

Performance 3 

(sport)  

Overhand ball throw (OBT) F 38.9 (handball)  38.1 (handball) 37 (handball) 

Shot put -track and field F 795 (karate) 778 (volleyball) 752 (handball) 

Overhead Medicine Ball 

Throw-forward 3kg 
F 964 (handball) 891 (volleyball) 809 (karate) 

Overhead Medicine Ball 

Throw-backward 3kg 
F 984 (volleyball) 916 (karate) 

912 (Track and 

field) 

Medicine ball chest throw 3kg F 986 (karate) 688 (handball) 667 (volleyball) 
30s Plyometric Push-Ups/clap 

push ups F 18 (karate) 16 (volleyball)  15 (handball) 

 
The top is dominated by handball and volleyball players, as a result of the strong 

specific demands in training (table 8). The fact that handball female players occupy the 
first 3 positions in overhead ball throwing can be explained by the structural similarity of 
the test with the throwing technique in handball (throwing type). Some superior results 
of karate practitioners are also observed, which are well represented in this top.  

 
4. Discussion 
The results of our study were compared to the values of other similar scientific works. 

Research in soccer players (both genders in NCAA Division II, age 18-23 years old) re-
ported moderate to strong associations between vertical jump and sprint speed. For the 
10m sprint women have a value of 1.92s, according to [57]. For female handball players 
from Turkey (national team) aged 22.8 years, an average value of 1.84s is recorded in the 
10m acceleration test [58]. 10m acceleration capability for Turkish soccer players (21.09 
years and 10.59 years training experience) shows a very good average value of 1.68s [59]. 
At the level of the Juniors group (age 21.6 years and 4 years of experience) for female 
soccer players (division 1 collegiate in the USA) the following results are obtained: 51cm 
for vertical jump test (VJT), 206 cm for standing long jump (SLJ), respectively 1.958s for 
10m speed test [60]. Comparison of explosive strength performance of Indian college fe-
male basketball and volleyball players (18-28 years) indicates superiority (statistically in-
significant) of basketball players for most tests based on jumps, medicine ball throws and 
cricket ball throw. At VJT, the volleyball players get 41.53cm, and the basketball players 
get 39.8cm [61]. All these results shown are more valuable than those obtained by our TSG 
groups.  

The use of Single-Leg Speed Hop Exercise in the training programs of Indonesian 
athletes (specialized in aerobic gymnastics) favors improvements in muscle strength indi-
cators at the level of the lower body. For men, final average values of 232.5cm are obtained 
at SLJ (close to those of our batches), and for women of 161.25cm (weaker than all the 
women's batches analyzed by us) [62].  

A study on American female athletes (22.67 years old) practicing team sport games 
(softball, netball, soccer and basketball) identifies values of 1.98s for the 10m acceleration 
test, 43.44cm for the VJT and 179cm for the SLJ, according to [63]. By comparison, only at 
SLJ does our TSG women's batch outperform. The superiority of men over women in the 
10m sprint test is obvious, for male athletes the best average is achieved by basketball 
players (1.84s), followed by cricket (1.85s) and soccer (1.93s). For women, netball players 
have the best average (1.96s), followed by cricket (2.05s) and soccer (2.14s) [64]. Our TSG 
(female) group performs better in the 10m sprint compared to soccer female players, but 
less compared to netball.  

The effect of different types of warm ups (light jogging vs static stretching, medicine 
ball and mini-band) for female college soccer players from the USA (19.3 years old) does 
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not show significant differences between the variants listed for muscle strength tests, but 
the best results are obtained by the light jogging variant: 34cm for VJT, 2.04s for 10m sprint 
[65]. Our group of TSG girls has average scores similar to those of the analyzed study. 
Strength training with moderate loads is significantly correlated with Croatian youth soc-
cer players' Standing Long Jump performance, so using these loads facilitates jumping 
performance. Average values of 225.15cm are obtained at SLJ [66]. The values are similar 
to our group of male soccer players. The comparison of leg muscle strength test perfor-
mance between soccer and basketball players by age group provides interesting results 
that indicate the superiority of soccer players. Speed Test 10m indicates better values of 
soccer players compared to basketball players in U18 (1.75s vs 1.81s) and Adults (1.73s vs 
1.84s) [67]. Our soccer group, however, performs worse compared to the presented results, 
but also compared to the average of the other investigated sports games.  

Gender differences regarding anthropometric characteristics and fitness level of 
Polish university students (20 years old) identify higher values in men, except in flexibility 
tests. Even though body mass and BMI values are negatively correlated with almost all 
tests, positive associations are reported for throwing the medicine ball over the head (back 
and forth). The upper limits are for women in the Medicine ball backward throw of 
1250cm and for men of 1745cm, and in the Medicine ball forward throw they are 1075 and 
1283cm [68]. Our study indicates similar extreme values for men in medicine ball back-
ward throw, but lower for women. In the medicine ball forward throw we obtained better 
extreme values only for men. For US female college soccer players (19.3 years) values of 
712cm are obtained for 4kg Overhead Medicine Ball Throw (behind) [65]. Surprisingly, 
this score is superior to the group of TSG female practitioners we investigated, even when 
a heavier medicine ball is used.  

The competitive sports performance of young Hungarian tennis players (U18) is sig-
nificantly associated with the value of overhead medicine ball throw test (1kg) and over-
hand ball throw /OBT only in the case of women. For the overhead medicine ball throw 
test they achieve a performance of 1074cm, and the men 1450cm. In overhand ball 
throw/OBT (103g) women achieve 30.65m and men 48.23m [69]. Comparison with our 
results is not relevant due to the low weight of the thrown objects, even though the per-
formances are similar for women.  

For female basketball players in the UK National League, Playing Position influences 
strength test results. In Medicine ball chest throw, the best value is for Centers, with 717 
cm, followed by Forwards with 689 cm and Guards with 671 cm [70]. Centers' results are 
similar to those of the TSG women investigated by us (720cm), for the other positions they 
are weaker.  

5. Conclusions 

The statistical processing of the results (univariate tests) highlighted statistically sig-
nificant differences induced by the type of sports activity for all explosive force assess-
ment tests. However, pairwise analysis of the data indicates that no statistically significant 
differences are reported between the TSG and IS groups, being observed only between the 
IS and NA groups, and TSG and NA, respectively. However, we note the better perfor-
mance values for upper body strength at the TSG level (as a result of constant demands 
and adaptation of these muscle groups), but without significant differences (p>0.05). Top 
performance values are dominated by sprinters and volleyball players for the lower body, 
respectively by handball, volleyball and karate players for the upper body, aspects con-
firmed by the studied sources. 

 

The limits of the study are generated by the imbalance between the sports specializations of 
the female students and the small number of participants, these results being only a char-
acteristic of the groups studied and cannot be generalized. 
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