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Abstract

:

Basketball is a team sport in which the players undergo rapid reactions, and running efforts are usually carried out in all directions. The main goal of the present study was to evaluate the muscle activity response in different basketball movements, considering two types of athletes with different levels of experience. Using a group of nine volunteers, female athletes from a senior basketball team, a data acquisition protocol was defined to identify the changes that occurred throughout the sports season. In this study, to assess the gastrocnemius muscle activity, intensity peak (%MC) and time to peak (TP) were evaluated for five typical basketball skills and movements involving running and jumping with and without the ball. Seven repetitions were executed for each movement, performed at two different time-points of the sports season: at the beginning of the teams’ competition, in November (T1), and at the season peak, in March (T2). TP presents greater values for T2 of the season when compared with T1. The results show that the level of experience of the athletes has a significant effect on the results of TP and %MC, particularly when comparing the two seasons.
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1. Introduction


Regular sports activity improves skeletal muscle function and cardiovascular health, as well as prevents and reverses obesity, reduces anxiety and depression, and improves self-confidence and cognitive function [1,2]. Basketball involves frequent jumping, accelerating, decelerating, turning, and pivoting [3]. It is a team game during which players experience up to 105 high-intensity activities of short duration (2–6 s), occurring on average every 21 s. This suggests that, for basketball players, the ability to repeat high-intensity efforts such as sprints with and without a ball is very important [4]. Running efforts in basketball are usually carried out in all directions, with short and intense actions, with long and moderate activity and recovery, which can induce injuries [5,6,7]. Running while dribbling a ball is a fundamental basketball skill, and better players can distinguish themselves by experiencing less loss of contact with the ball while running [8]. A higher number of people participating in such a physically demanding sport can result in an increased risk of injury [9]. In recent years, the number of basketball players has increased, as well as the likelihood of injuries. To avoid the incidence of injuries, the use of strategies that include pre-season conditioning, functional training, and strength and balance programs should be considered, which must be continued and adjusted throughout the game season [10,11]. Several authors have evaluated the probability of injuries during basketball games [5,12,13,14]. The most common injuries that occur in basketball players are in lower extremities [5,15], posing a major risk for the ankle and knee [16]. According to Klyne et al. [17], gastrocnemius is one of three primary muscles spanning the ankle and the knee joint, which is why it becomes important to know how these muscles respond during a sports activity. Greater gastrocnemius forces during landing are associated with an increase in joint stiffness, protecting the joint from external loading and injury risk [18]. Various authors [19,20,21] have highlighted that ankle injuries are the most common injuries in basketball players because it is a sport that combines running and jumping. Longo et al. [22] proposed a program to prevent injuries in elite male players’ basketball. There are a lot of movements during a basketball game, like shots, free-throws, passes, dribbling, and rebounding. Recovering the ball after a shot, usually called rebound, is of particular interest since almost half of all basketball-related foot and ankle injuries occur during this movement [19]. As well as this, the effect of cutting promotes ankle inversion sprains, which represent the most common type of ankle injury in basketball [12,23]. Vieira et al. [24] performed a study in which they showed that a substantial medial gastrocnemius torque contribution tended to rotate up the medial aspect of the foot (ankle inversion). Although there are different methods for measuring muscle activation, such as visible light and infrared, the golden standard is electromyography [25]. In basketball players, surface electromyography (sEMG) is commonly used to measure the bioelectrical activity of muscles, especially for the upper limbs, during free throws. sEMG can contribute to the diagnosis of injuries because it makes it possible to obtain an electrical signal from a muscle during a body movement, and the degree of muscular activity shows the muscular level effort [26]. Henry et al. [27] used sEMG to assess gastrocnemius activity and verified a consistent medial gastrocnemius response to surface disturbances, which induces ankle flexion-inversion movements. Sanderson et al. [28] conducted a study using sEMG to assess the gastrocnemius response during a pedaling cadence and observed that the greatest changes in gastrocnemius length occurred during the recovery phase, when the muscles showed little excitement. The free throw is the principal activity evaluated by sEMG in basketball players to verify the relationship between the accuracy and the muscle activity [29,30,31]. SEMG is also used to evaluate the flexor carpi radialis (forearm) and the triceps brachii (upper arm) in the case of dribbling during basketball [32]. sEMG is also used in wheelchair basketball players to estimate the muscle activity in upper limbs, in the elbow flexor muscles, namely, biceps brachii longus, biceps brachii brevis, and brachioradialis [33,34]. During sEMG, the maximum muscle activation is used to identify the muscle contraction, which allows for the normalization of the signal [35]. sEMG is frequently used to evaluate the level of activation of core muscles during suspension exercises [36]. The knowledge of muscle activity during sports practice can help coaches to define appropriate exercises in different stages of the season.



Some studies have reported common injuries in basketball players. However, the literature does not present any work about the use of sEMG in evaluating the gastrocnemius activity during different basketball movements, considering different sports season times and athletes with two different experience levels. Therefore, this work intends to study the influence of different movements, season periods, and athletes’ levels on the gastrocnemius activity and contribute to developing knowledge that helps coaches and sport professional staff develop a training plan to avoid the occurrence of injuries.




2. Materials and Methods


This study considered a group of volunteers, none of whom were professional female basketball athletes, divided into level 1 and level 2 according to their experience, which was defined based on the number of games played and whether the athlete belonged to a regional basketball elite team or not. Initially, the group was formed by 11 athletes; however, during the season, the group was reduced to 9 due to injury and scholarly reasons.



This study was approved by the local ethics committee and was performed according to the Declaration of Helsinki, with all the participants’ data considered and stored anonymously and confidentially. All subjects were fully informed of the nature of the study and gave written informed consent. Table 1 shows the sample characteristics and their experience level.



The data acquisitions were performed at two time-points of the sports season, the first one in November (T1), corresponding to the beginning of the season, and the second one in March (T2), corresponding to the peak of the season. Five different movements were considered, namely, running with the ball (RB), running without the ball (RNB), lay-up on the right side (LR), lay-up on the left side (LL), and rebound (R). The rebound was the only movement in these five without having an association with running; however, all these movements recruit the lower limb in different ways. Each athlete performed 7 repetitions of each movement for each test condition, which resulted in a total of 630 valid trial data. To avoid predisposition in the assessment, the test order was randomized. Between movements, the athletes had 1 min to rest, and between repetitions in the same movement, they had 30 s.



Surface electromyography data were collected via the BioSignalPlux system after skin preparation to decrease the impedance between the skin and the electrode. This telemetric system contains a data acquisition box and Bluetooth communication with the computer. The sensors used to record sEMG amplified signals with a bandwidth of 25-500 Hz, a common-mode rejection ratio of 100 dB, and an input impedance greater than 100 GOhm. The surface electrodes (Al/AgCl, AMBU BlueSensor N) were placed aligned with the muscle fiber orientation (center-to-center distance of 22 mm) at the most prominent part of the muscle bellies following SENIAM recommendations [37]. The same researcher performed electrode placement. The medial (MG) and lateral gastrocnemius (LG) muscles in both legs were identified through palpation of the muscle belly, with skin shaved, abraded, and cleaned using standard medical alcohol swabs for electrode placement. The reference electrode was placed in the tibial tuberosity (Figure 1). The sEMG data were sampled at 1000 Hz.



To analyze and observe the signal in the OpenSignals software, a frequency amplitude of the signal between 20 and 400 Hz was used. During the tests, athletes were equipped with sEMG apparatus, supported by a belt, which registered muscle activity. All acquisitions were achieved in the same gym, with the same ball (0.62 bar), and using the same basket table. All players used their normal basketball shoes, which were not changed between the two evaluation time-points of the season. In the present study, data normalization was performed in reference to the maximal contraction (%MC) during the activity [38,39].



Data were analyzed using IBM SPSS software (version 25.0) [40]. Descriptive statistics are presented using mean ± standard deviation. The normality test of the data was performed with the Shapiro–Wilk test. As the data lacked normality, the Wilcoxon test was used to compare the two assessment time-points (T1 and T2). The Friedman test was considered for multiple non-parametric comparisons between the different levels of athlete experience, muscles, and types of sports movements [41]. The significance level was set at 5%.




3. Results


Table 2 shows the average values (  X ¯  ) and the standard deviation (SD) of the time to peak of muscle activity (TP) and %MC at the two time-points of the season, considering each of the five different movements. The results of the statistical analysis (p) of the two season time-points for each muscle and sport movement are also present in Table 2, as well as the comparison between muscles at each season time-point.



An example of the sEMG raw signal of both legs’ lateral and medial gastrocnemius obtained at the two season time-points for one of the movements is illustrated in Figure 2.



For the comparisons performed, no statistical differences were found between the two season time-points nor between muscles. To verify if the athletes’ level of experience influences the time to peak muscle activity, the players were divided into two groups according to the number of games played and whether they belonged, or not, to the elite regional basketball team. The comparison between the group of more experienced athletes (level 1; n = 5) with the less experienced ones (level 2; n = 4) was performed for the five movements and the two season time-points (Table 3).



The level of experience of the athletes studied did not influence the time to peak muscle activity between the two season time-points for each sports movement and muscle. A similarity was found in both levels of athletes studied at each of the season time-points, which is graphically summarized in Figure 3, which shows the time to peak of all muscles’ activity for the two athlete levels considering the five basketball movements.



To verify any differences in the time to peak of muscle activity and the muscle intensity peak for all the muscles independently of the sport movement in each season moment (T1 and T2), the Friedman test was applied (Table 4).



Due to the observed differences in two muscles (MGL and LGR), a new comparison considering the five movements for the two mentioned muscles (Table 5) was performed.



Differences were found for LGR between RB and LR and for MGL between LR and R, LR and LL, and LR and R.




4. Discussion


The main objective of this study was to investigate the gastrocnemius activation during the competitive season in five different movements of the basketball game in women athletes with different levels of experience. For that purpose, surface electromyography was used to evaluate the time to peak of muscle activity (TP) and the muscle intensity peak (%MC). The obtained results (Table 2) show that rebound (R) is the movement for which the sEMG signal reaches the highest value for TP in T1 of the season, corresponding to the only movement that has no associated running in the five movements studied. The TP values obtained in the case of level 1 athletes when comparing T2 with T1 are higher for RB and RNB and lower for R, while the other two movements remain almost constant. For %MC, the T1 values are greater than the T2 ones, except in the case of R, for which they are lower. Statistical differences were observed for the medial gastrocnemius in the case of RNB, which agrees with Cibulka et al. [42], who observed that the sEMG activation was greater for the MG than the LG when standing and performing a heel raise. In T2, the RB and RNB show higher values of TP, since both are running movements over a long distance and require an effort of concentration and superior focus, which can lead to a performance that is closer to what happens in the real game and is therefore more natural, thus leading to higher TP values. As well as this, the movements associated with accelerations and decelerations require high muscle recruitment, which is in accordance with Hewit et al. [43], who stated that the primary muscles used for deceleration are the quadriceps and gastrocnemius.



Regarding the experience level of the athletes (Table 3) in relation to only the TP value, concerning the two season time-points, it can be observed that the level 1 athletes show higher values for T1 than the level 2 athletes for the five movements, and for both levels, R is the movement that presents a larger value. Nevertheless, while in the case of the level 1 athletes, a decrease in the TP value is present for T2 relative to T1, the opposite is observed for the level 2 athletes. Pakosz et al. [29] evaluated the arm during free throws and concluded that players of higher training experience have a lower time of muscle activation because the time necessary to promote the movement is shorter for advanced players [31]. In addition, Abe et al. [32] verified for basketball dribbling that experts showed lower sEMG arm signals than the beginners. In the present study, this is observed only at T2 of the season, which can be explained by the fact that, as the season progresses, more experienced athletes (1) improve their technique more easily, and, consequently, they need less time to perform the movement. Table 3 shows statistical differences between T1 and T2 when only RNB and LR were assessed, and no significant differences were evaluated for the different muscles analyzed.



The influence of all movements in TP and %MC for the four muscles under analysis (Table 4) presented statistically significant differences in TP for MGL in T1 and T2 and in %MC for LGR in T1. It can be verified from Table 5 that significant differences between movements for the TP variable occur only between LR and LL for T2 and between LR and R for both season time-points. %MC varies only between RB and LR for T1, while for T2, no statistically significant differences between movements are identified. Although the difference is almost non-existent, at T1, practically all p values are greater than 0.05, concluding that for this period of the season, in comparison with T2, the sEMG values are more homogeneous between all movements. At the beginning of the season, athletes are more concerned with recovering their physical form than improving their technique. As the season progresses, more experienced athletes move with greater precision, reducing muscle activation time, which is in agreement with Pakosz and Abe et al. [30,32].




5. Conclusions


Our main interest in this study was to examine possible differences in the muscular activity within gastrocnemius muscles between five principal movements in basketball practice, at two season time-points, performed by basketball players with different levels of experience. The analysis of the results obtained showed that no statistically significant differences occurred between the two season time-points. However, for TP, T2 of the season presents greater values when compared with T1, but %MC has an inverse trend, presenting higher values for T1 compared with T2. In addition, no statistically significant differences arose when comparing the four muscles (LGL, MGL, LGR, and MGR). Considering the five different movements, it is possible to conclude that in the case of T2, the results are more homogeneous than in the case of T1 for the more experienced athletes. At T1 and T2 of the season, rebound (R) shows greater TP values than the other four movements for level 1 athletes, but in the case of level 2 athletes, the greater value is obtained for R in T1 of the season, whereas for T2 of the season, the higher values are observed for RB and RNB. The level of experience of the athletes has an important role in TP, verifying that for T1, the athletes with more experience (level 1) present higher values when compared with those of level 2, but with the advance of the season (T2), this trend is inverted.



The obtained results can be used by coaches and athletes to help them to define drive- specific training programs adjusted to the time of the season and the performance level of athletes. According to the athletes’ characteristics, referring to the muscular activity, coaches can prepare specific exercises to optimize the muscular performance of each one. Future work will study a larger sample and professional athletes to establish differences between professional and amateur athletes in these and other basketball movements.
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Figure 1. Surface electromyography (sEMG) equipment placed on one of the athletes. 
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Figure 2. sEMG raw signal for one of the athletes in the basketball movement running with the ball at the two season time-points: (a) T1, (b) T2. 
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Figure 3. Comparison between two experienced levels in both T1 and T2 for TP. TP1-T1—TP for the level 1 athlete in the season T1; TP1-T2—TP for the level 1 in the season T2; TP2-T1—TP for the level 2 in the season T1; TP2-T2—TP for the level 2 in the season T2; RB—running with the ball; RNB—running without the ball; LR—lay-up on the right side; LL—lay-up on the left side; R—rebound. 






Figure 3. Comparison between two experienced levels in both T1 and T2 for TP. TP1-T1—TP for the level 1 athlete in the season T1; TP1-T2—TP for the level 1 in the season T2; TP2-T1—TP for the level 2 in the season T1; TP2-T2—TP for the level 2 in the season T2; RB—running with the ball; RNB—running without the ball; LR—lay-up on the right side; LL—lay-up on the left side; R—rebound.
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Table 1. Volunteer characteristics.






Table 1. Volunteer characteristics.





	Athletes
	Age (Years)
	Height (m)
	Mass (kg)
	BMI (kg/m2)
	Dominant Hand
	Years of Practice
	Level of Experience





	1
	19
	1.79
	73.05
	22.8
	Right
	7
	2



	2
	19
	1.66
	66.96
	24.3
	Right
	12
	1



	3
	19
	1.71
	54.97
	18.8
	Right
	11
	1



	4
	22
	1.64
	70.47
	26.2
	Left
	17
	1



	5
	23
	1.69
	72.26
	25.3
	Right
	17
	1



	6
	21
	1.58
	69.90
	28
	Right
	7
	2



	7
	18
	1.62
	51.96
	19.8
	Right
	11
	2



	8
	19
	1.60
	61.44
	24
	Right
	6
	2



	9
	19
	1.66
	52.91
	19.2
	Left
	11
	1



	Mean ± SD
	19.9 ± 1.7
	1.66 ± 0.06
	66.96 ± 8.60
	23.2 ± 3.3
	-
	11.0 ± 4
	-
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Table 2.   X ¯   (the average values) and SD (the standard deviation) of TP (the time to peak of muscle activity) and %MC (intensity peak) for five movements at two season time-points (T1 and T2).






Table 2.   X ¯   (the average values) and SD (the standard deviation) of TP (the time to peak of muscle activity) and %MC (intensity peak) for five movements at two season time-points (T1 and T2).





	
Mov.

	
Musc.

	
TP (s)

	
% MC




	
T1

   X ¯    ± SD

	
T2

   X ¯    ± SD

	
p

	
T1

   X ¯    ± SD

	
T2

   X ¯    ± SD

	
p






	
RB

	
LGL

	
0.84 ± 0.42

	
0.92 ± 0.72

	
0.953

	
83 ± 15

	
87 ± 7

	
0.441




	
MGL

	
0.71 ± 0.40

	
0.91 ± 0.71

	
0.374

	
85 ± 12

	
80 ± 22

	
0.401




	
LGR

	
0.67 ± 0.30

	
0.88 ± 0.56

	
0.173

	
103 ± 56

	
87 ± 11

	
0.051




	
MGR

	
0.89 ± 0.65

	
1.00 ± 0.63

	
0.594

	
78 ± 18

	
88 ± 10

	
0.214




	

	
P

	
0.269

	
0.586

	

	
0.615

	
0.512

	




	
RNB

	
LGL

	
0.81 ± 0.28

	
0.96 ± 0.60

	
0.594

	
80 ± 18

	
86 ± 9

	
0.374




	
MGL

	
0.77 ± 0.23

	
0.88 ± 0.55

	
0.767

	
82 ± 11

	
88 ± 11

	
0.025




	
LGR

	
0.67 ± 0.20

	
0.95 ± 0.50

	
0.110

	
77 ± 18

	
86 ± 10

	
0.025




	
MGR

	
0.79 ± 0.29

	
0.88 ± 0.55

	
0.859

	
78 ± 14

	
88 ± 9

	
0.173




	

	
p

	
0.506

	
0.145

	

	
0.865

	
0.698

	




	
LR

	
LGL

	
0.66 ± 0.17

	
0.73 ± 0.37

	
0.678

	
73 ± 22

	
84 ± 7

	
0.441




	
MGL

	
0.64 ± 0.17

	
0.70 ± 0.36

	
0.515

	
82 ± 9

	
88 ± 9

	
0.123




	
LGR

	
0.62 ± 0.08

	
0.69 ± 0.18

	
0.407

	
77 ± 13

	
84 ± 5

	
0.038




	
MGR

	
0.76 ± 0.25

	
0.80 ± 0.19

	
0.515

	
71 ± 16

	
80 ± 19

	
0.173




	

	
p

	
0.053

	
0.129

	

	
0.137

	
0.887

	




	
LL

	
LGL

	
0.78 ± 0.29

	
0.75 ± 0.30

	
0.678

	
80 ± 11

	
84 ± 8

	
0.678




	
MGL

	
0.76 ± 0.24

	
0.83 ± 0.21

	
0.767

	
84 ± 9

	
85 ± 10

	
0.953




	
LGR

	
0.66 ± 0.23

	
0.74 ± 0.22

	
0.260

	
84 ± 8

	
87 ± 5

	
0.214




	
MGR

	
0.67 ± 0.17

	
0.81 ± 0.35

	
0.441

	
85 ± 8

	
88 ± 10

	
0.767




	

	
p

	
0.068

	
0.706

	

	
0.959

	
0.823

	




	
R

	
LGL

	
0.80 ± 0.95

	
0.71 ± 0.17

	
0.314

	
81 ± 11

	
73 ± 11

	
0.26




	
MGL

	
0.91 ± 0.45

	
0.91 ± 0.36

	
0.953

	
86 ± 7

	
86 ± 08

	
0.06




	
LGR

	
0.86 ± 0.35

	
0.84 ± 0.25

	
0.594

	
80 ± 15

	
82 ± 10

	
0.594




	
MGR

	
0.94 ± 0.32

	
0.84 ± 0.17

	
0.953

	
81 ± 17

	
78 ± 27

	
0.594




	

	
p

	
0.269

	
0.392

	

	
0.644

	
0.512

	








Mov—movement; RB—running with the ball; RNB—running without the ball; LR—lay-up on the right side; LL—lay-up on the left side; R—rebound; Mus—muscle; LG—lateral gastrocnemius; MG—medial gastrocnemius; R—right leg; L—left leg.
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Table 3.    X ¯      and SD of time to peak of muscle activity for the two athlete levels considering the five movements.






Table 3.    X ¯      and SD of time to peak of muscle activity for the two athlete levels considering the five movements.





	
Mov.

	
Musc.

	
T1

	
T2




	
Level 1

   X ¯    ± SD

	
Level 2

   X ¯    ± SD

	
P

	
Level 1

   X ¯    ± SD

	
Level2

   X ¯    ± SD

	
p






	
RB

	
LGL

	
0.997 ± 0.54

	
0.657 ± 0.07

	
0.465

	
0.683 ± 0.2

	
1.218 ± 1.06

	
0.465




	
MGL

	
0.855 ± 0.50

	
0.519 ± 0.06

	
0.273

	
0.737 ± 0.25

	
1.131 ± 1.06

	
0.715




	
LGR

	
0.685 ± 0.31

	
0.645 ± 0.34

	
0.715

	
0.669 ± 0.21

	
1.134 ± 0.79

	
0.068




	
MGR

	
1.096 ± 0.82

	
0.627 ± 0.22

	
0.068

	
0.861 ± 0.29

	
1.183 ± 0.93

	
0.715




	
RNB

	
LGL

	
0.851 ± 0.36

	
0.75 ± 0.18

	
0.273

	
0.848 ± 0.33

	
1.099 ± 0.87

	
0.715




	
MGL

	
0.894 ± 0.15

	
0.621 ± 0.24

	
0.068

	
0.797 ± 0.3

	
0.975 ± 0.81

	
0.715




	
LGR

	
0.78 ± 0.2

	
0.55 ± 0.13

	
0.144

	
0.881 ± 0.18

	
1.039 ± 0.78

	
0.06




	
MGR

	
0.985 ± 0.24

	
0.547 ± 0.09

	
0.068

	
0.693 ± 0.15

	
1.114 ± 0.8

	
0.715




	
LR

	
LGL

	
0.746 ± 0.18

	
0.55 ± 0.08

	
0.068

	
0.636 ± 0.04

	
0.837 ± 0.58

	
0.715




	
MGL

	
0.745 ± 0.16

	
0.501 ± 0.05

	
0.068

	
0.634 ± 0.09

	
0.781 ± 0.57

	
0.715




	
LGR

	
0.671 ± 0.06

	
0.547 ± 0.05

	
0.068

	
0.652 ± 0.13

	
0.727 ± 0.24

	
0.715




	
MGR

	
0.89 ± 0.26

	
0.587 ± 0.05

	
0.068

	
0.721 ± 0.12

	
0.713 ± 0.25

	
0.715




	
LL

	
LGL

	
0.897 ± 0.36

	
0.643 ± 0.05

	
0.465

	
0.673 ± 0.06

	
0.838 ± 0.47

	
0.715




	
MGL

	
0.864 ± 0.28

	
0.634 ± 0.11

	
0.273

	
0.795 ± 0.13

	
0.863 ± 0.31

	
0.715




	
LGR

	
0.773 ± 0.27

	
0.521 ± 0.05

	
0.273

	
0.766 ± 0.27

	
0.713 ± 0.19

	
0.273




	
MGR

	
0.724 ± 0.18

	
0.598 ± 0.16

	
0.465

	
0.743 ± 0.31

	
0.885 ± 0.42

	
0.715




	
R

	
LGL

	
0.922 ± 0.4

	
0.652 ± 0.22

	
0.715

	
0.793 ± 0.17

	
0.61 ± 0.14

	
0.068




	
MGL

	
1.093 ± 0.55

	
0.69 ± 0.1

	
0.465

	
1.025 ± 0.46

	
0.761 ± 0.11

	
0.715




	
LGR

	
0.989 ± 0.43

	
0.706 ± 0.14

	
0.465

	
0.876 ± 0.34

	
0.796 ± 0.09

	
0.465




	
MGR

	
1.021 ± 0.42

	
0.846 ± 0.105

	
0.715

	
0.795 ± 0.22

	
0.902 ± 0.07

	
0.465








Mov.—movement; RB—running with the ball; RNB—running without the ball; LR—lay-up on the right side; LL—lay-up on the left side; R—rebound; Musc.—muscle; LG—lateral gastrocnemius; MG—medial gastrocnemius; R—right leg; L—left leg.
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Table 4. Friedman test results for all movements to identify statistically significant differences for MA and %MC at the two season time-points.






Table 4. Friedman test results for all movements to identify statistically significant differences for MA and %MC at the two season time-points.





	
Musc

	
T1

	
T2




	
TP

	
% MC

	
TP

	
% MC






	

	
P

	
p

	
p

	
P




	
LGL

	
0.795

	
0.554

	
0.165

	
0.132




	
MGL

	
0.029 *

	
0.575

	
0.004 *

	
0.541




	
LGR

	
0.071

	
0.029 *

	
0.281

	
0.664




	
MGR

	
0.247

	
0.144

	
0.394

	
0.897








Musc.—muscle; LG—lateral gastrocnemius; MG—medial gastrocnemius; R—right leg; L—left leg; * p ≤ 0.05.
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Table 5. Friedman test results to identify statistically significant differences for TP and %MC, for the two season time-points, and for the five movements of two muscles.






Table 5. Friedman test results to identify statistically significant differences for TP and %MC, for the two season time-points, and for the five movements of two muscles.





	

	
Mov.

	

	
RNB

	
LR

	
LL

	
R




	
P

	
MA

	
% MC

	
MA

	
% MC

	
MA

	
% MC

	
MA

	
% MC






	
T1

	
RB

	
MGL

	
>0.05

	

	
>0.05

	

	
>0.05

	

	
0.073

	




	
LGR

	

	
>0.05

	

	
0.046 *

	

	
>0.05

	

	
0.171




	
RNB

	
MGL

	

	

	
>0.05

	

	
>0.05

	

	
>0.05

	




	
LGR

	

	

	

	
>0.05

	

	
>0.05

	

	
>0.05




	
LR

	
MGL

	

	

	

	

	
>0.05

	

	
0.046 *

	




	
LGR

	

	

	

	

	

	
0.369

	

	
>0.05




	
LL

	
MGL

	

	

	

	

	

	

	
>0.05

	




	
LGR

	

	

	

	

	

	

	

	
>0.05




	
T2

	
RB

	
MGL

	
>0.05

	

	
0.526

	

	
>0.05

	

	
0.736

	




	
RNB

	
MGL

	

	

	
0.526

	

	
>0.05

	

	
0.736

	




	
LR

	
MGL

	

	

	

	

	
0.046 *

	

	
0.002 *

	




	
LL

	
MGL

	

	

	

	

	

	

	
>0.05

	








Mov—movement; RB—running with the ball; RNB—running without the ball; LR—lay-up on the right side; LL—lay-up on the left side; R—rebound; * p ≤ 0.05.
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