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Abstract 

Purpose:  3 × 3 basketball games are characterized by high-intensity accelerations and decelerations, and a high 
number of changes of direction and jumps. It is played in tournament form with multiple games per day. Therefore, 
optimal regeneration is crucial for maintaining a high performance level over the course of the tournament. To 
elucidate how load of a match affects the athletes’ bodies (i.e., internal load), muscular responses to the load of 3 × 3 
games were analyzed. We aimed to investigate changes in contractility of the m. rectus femoris (RF) and m. gastrocne-
mius medialis (GC) in response to the load of single 3 × 3 games and a 3 × 3 tournament.

Methods:  Inertial movement analysis was conducted to capture game load in 3 × 3. Changes in contractility were 
measured using tensiomyography (TMG). During a two-day tournament, TMG measurements were conducted in the 
morning and after each game. Additionally, off-game performance analysis consisting of jump and change-of-direc-
tion (COD) tests was conducted the day before the tournament.

Results:  Significant changes of the muscle contractility were found for GC with TMG values being higher in the 
baseline than in the post-game measurements. In contrast to athletes of the GC group, athletes of the RF group 
responded with either decreased or increased muscle contractility after a single 3 × 3 game. A significant correlation 
between external and internal load parameters could not be shown. Concerning off-game performance, significant 
correlations can be reported for COD test duration, CMJ height and ∆Vc as well as COD test duration and ∆Dm. No 
systematic changes in muscle contractility were found over the course of the tournament in RF and GC.

Conclusion:  The athletes’ external 3 × 3 game load and their performance level did not seem to affect muscular con-
tractility after a single 3 × 3 game or a complete 3 × 3 tournament within this investigation. This might indicate that 
elite athletes can resist external load without relevant local muscular fatigue. With respect to the course of the tourna-
ment, it can therefore be concluded that the breaks between games seem to be sufficient to return to the initial level 
of muscle contractility.
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Introduction
Three-on-three (3 × 3) basketball is a sport consist-
ing of numerous accelerations, decelerations, jumps, 
and changes-of-direction, which occur in about 10  min 
of game duration [1]. Compared to 5-on-5 basketball, 
games are organized as tournaments, which results in 
teams playing several matches per day, usually on two 
or more consecutive days [2]. Knowing the workload 

Open Access

*Correspondence:  willberg@sport.uni-frankfurt.de

1 Institute of Sport Sciences, Movement Science and Training in Sports, 
Goethe University Frankfurt, Frankfurt, Germany
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-1010-2356
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13102-022-00530-1&domain=pdf


Page 2 of 11Willberg et al. BMC Sports Science, Medicine and Rehabilitation          (2022) 14:152 

of the games is important to understand sport-specific 
demands, plan training sessions accordingly, and estab-
lish optimal regeneration or preparation routines during 
tournaments [3, 4]. Avoiding a decline in physical perfor-
mance is, along with the athletes’ tactical behavior, a key 
parameter for winning competitions [5, 6]. Therefore, it 
is crucial to gather information about the load the ath-
letes were imposed, their physiological reactions to this 
load and their recovery. To address this, load monitoring 
is frequently used in training and competition, where a 
distinction is usually made between internal and external 
load parameters.

External load is the physical work performed during 
training or competition, whereas internal load represents 
the individual response to those impacts [7, 8]. With the 
development of microsensor technology in sport, quanti-
fying load has become more applicable, e.g., daily moni-
toring of training sessions is feasible [9]. However, there 
is a wide variety of parameters from which to choose.

For monitoring external load, frequently used param-
eters are the so-called player load (PL, a parameter 
that summarizes changes of acceleration in x-, y-, and 
z-direction), acceleration (ACC), deceleration (DEC), 
distance traveled, and jump count [7–12]. An analysis of 
external load during international tournaments in 3 × 3 
basketball has previously been conducted, e.g., by Mont-
gomery and Maloney [1]. The authors reported that 17% 
of males’ and 13% of females’ total ACC are high-speed 
movements, defined as ACC with more than 3.5 m*s−2. 
The number of DEC exceeds the number of ACC in 
moderate (> 2.5  m*s−2) and high-speed movements in 
males and females [1, 13]. Within a single 3 × 3 game, 
female athletes perform 33.53 (± 13.76) DEC and 32.75 
ACC (± 13.85), while male athletes perform 44.16 (± 18) 
DEC and 33.92 (± 14.59) ACC. On average, the jump 
count in male 3 × 3 games is 21.8 (± 8.5), with 1.7 jumps 
being performed per minute. Female jumps count is 16.6 
(± 7.5) jumps per game, and 1.4 jumps are performed per 
minute [13].

As an internal load parameter, most commonly used 
are peak heart rate (HR), time spent in so-called “work 
zones” (e.g., defined by the percentage of the individual 
maximum HR), or HR averages to measure the ath-
letes’ internal load [10, 11, 14]. In 3 × 3, an average HR 
of about 164 beats per minute is reported for males and 
females [1]. During a tournament, most of the time is 
spent in the range of 90–100% of the athletes’ peak HR 
[2]. In addition to the cardiovascular stress, various tis-
sues that comprise the musculoskeletal system are also 
mechanically stressed [15]. According to Wang et  al. 
[16], mechanical stressors can lead to tissue damage first, 
a decrease in function second, and tissue repair third. 
Since the numerous mechanical loads occurring in 3 × 3 

basketball are expected to affect the muscular and tendon 
structures of the athletes, it might also be highly relevant 
to assess the internal load on this system.

A method to capture internal load caused by biome-
chanical stress by measuring muscle contractility is ten-
siomyography (TMG). TMG is a non-invasive method 
using a single electrical stimulus to assess maximal radial 
displacement of the muscle belly (Dm) and contraction 
velocity (Vc). The mechanical reaction of the muscle to 
an electrical stimulus is a sensitive method for finding 
changes in muscle contractility before changes in mus-
cle architecture [17]. Increasing Dm and Vc following 
intense voluntary muscle contraction might be inter-
preted as post-activation potentiation (PAP; [18, 19]). The 
underpinning effect is caused by an increase in calcium 
sensitivity of the actin-myosin complex due to phos-
phorylation of the myosin regulatory light chain [18]. 
Decreasing contractility of a muscle, which is accompa-
nied by loss of performance [20–22], can be explained by 
intracellular accumulation of inorganic phosphate [20]. 
Accordingly, TMG data can be used as an indicator of 
the current contractility of the muscle. Increased TMG 
levels can be caused either by muscle activation or mus-
cular mechanics changes. TMG has previously been used 
to measure muscular reactions on mechanical load. Both, 
a decrease in contractility due to high loads [23, 24] and 
potentiation of contractility have been reported.

However, there are some difficulties when conducting 
TMG measurements. First, the result of a TMG meas-
urement depends not only on the load but also on ath-
letes’ state [25] since highly trained athletes are supposed 
to respond differently to external load than untrained 
subjects. Therefore, explosive-body-performance tests 
are recommended to get more information on the sub-
jects’ athletic state [26]. Second, especially when there is 
a limited amount of time for the measurements, there is 
a need to define the most relevant muscle. Hamner et al. 
[27] reported the quadriceps muscle group as the largest 
contributor to braking during the early part of the stance 
phase and the musculus gastrocnemius medialis (GC) 
to predominantly contribute during the second phase of 
braking. Since DEC count is high in 3 × 3, it is assumed 
that changes in contractility can be analyzed within the 
musculus rectus femoris (RF) and GC. Also, change-of-
direction (COD) movements are assumed to have an 
impact on muscle contractility (especially of RF) since 
they result in DEC and consequently eccentric contrac-
tions when braking the center of mass to initiate a direc-
tional change [28].

Three-on-three basketball is a sport which is character-
ized by high external loads, where athletes need to resist 
a high amount of eccentric actions and CODs during a 
game. To the best of our knowledge, the internal load 
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has yet only been quantified by HR assessments, which 
reflect the load on the cardiovascular system but not 
on the musculoskeletal system. Therefore, in this study, 
we aimed to assess load on the musculoskeletal system 
by measuring acute muscular response to a single 3 × 3 
match and additionally the progress over several games 
during a tournament, i.e., in a real and applied setting. 
We hypothesized decreased contractility in GC and RF 
due to high external load associated with 3 × 3 games.

Methods
Participants
Twenty-eight male elite 3 × 3 athletes (age: 27 ± 4.4 years; 
height: 194.1 ± 5.7  cm; weight: 98.1 ± 9.8  kg), all com-
peting on an international level, and being part of the 
national 3 × 3 team, participated in the study. Each par-
ticipant provided written consent for participation in the 
study, which was approved by the local ethics committee 
(Grant Number: 2021-30). Due to time constraints based 
on the tournament mode, TMG measurements were con-
ducted either on GC or on RF. Athletes were randomly 
assigned to the GC or RF groups. The group allocation 
of one athlete was changed between the days of the 
tournament since the TMG data could not be measured 
reliably on the GC for this athlete. TMG data were visu-
ally inspected for each athlete to increase reliability. For 
this purpose, the individual TMG curves of the athletes 
were compared for each measurement. In case of atypi-
cal curves, e.g., by co-contractions of the deep muscula-
ture, the data of the athletes were excluded from analysis. 
This occurred more often in GC group, which is why the 
group size of GC group was smaller than the RF group. 
For this reason, 23 athletes were included in the final 
analysis. Anthropometric data are shown in Table 1.

Measurement setup
Data were acquired at a two-day international tourna-
ment (Prime Heidelberg, Feb. 2021). To measure the sub-
jects’ athletic state, a COD test (HAST, [29]), drop jumps 
(DJ), and countermovement jumps (CMJ) were con-
ducted on the day before the tournament. As a COD test, 
the so-called Handball Agility-specific test (HAST) [29], 
consisting of five CODs and including forward–back-
ward running was administered. The HAST is set up as a 
5 m square, where three cones (25 cm height) are placed 
on the top left, top right and bottom right corners and 
one cone marking the middle of the square. Athletes are 
asked to perform a start without external start signal. The 
starting line was set 1  m behind the light barrier (FIT-
LIGHT® Corp., Ontario, Canada), marking the bottom 
left corner. After the run up, the first COD needs to be 
performed in the top left corner (touching the cone on 
the top with the left hand). From there, athletes had to 

touch the middle cone with the right hand and the top 
right cone also. Then, athletes run straight back to touch 
the bottom right cone with their right hand. The middle 
cone then has to be touched with the left hand and finally 
shuffle backwards to cross the starting light border. The 
time for test completion was taken via light gates and 
then included into analysis.

In the CMJ test, the athletes are asked to jump as high 
as possible, starting from an upright position and keep-
ing their hands on their lateral iliac crest during the 
entire movement. Their landing behavior was controlled 
in terms of resemblance to the concentric action (e.g., no 
initial landing contact with bend knees). Jumping height 
was calculated using flight time which was measured via 
a contact plate (Haynl Elektronik GmbH, Schönbeck).

This system was also used to assess DJ height and 
contact time. Here, athletes are asked to drop off a box 
(24 cm height) and jump as high as possible in a reactive 
manner (i.e., keeping the ground contact time as short as 
possible).

Standardized instructions is given for all tests. Athletes 
performed one test trial for familiarization purposes. 
Afterwards, they performed three trials for each test 
with a minimum break of 30 s. The value of the best trial 
(shortest COD test duration/ best reactive strength Index 
(RSI)/highest jump height) was included in the analysis. 
The RSI was calculated by dividing jumping height (cm) 
by ground contact time (ms).External load parameters 
were measured using a local positioning system (Catapult 
Clearsky, Catapult Sports, Melbourne, Australia). Twenty 
anchor nodes were installed at the venues according to 
the manufacturer’s recommendations. Spatial calibration 
was conducted using a tachymeter (Leica TS06 Total Sta-
tion, Leica Geosystems AG, Switzerland). Utilizing a nar-
row UWB frequency (3.1–10.6 Hz), the system can locate 
receiver tags (Vector 7, Catapult Sports, Melbourne, 

Table 1  Descriptive statistics of the group

SD, standard deviation; GC, Musculus Gastrocnemius medialis; RF, Musculus 
Rectus femoris

N Minimum Maximum Mean SD

GC

 Age (years) 9 23 34 27.7 4.1

 Height (cm) 9 184.5 199.3 191.6 5.1

 Weight (kg) 9 83.5 109 95.5 8.2

 Arm span (cm) 9 192 213.6 199.5 6.2

RF

 Age (years) 14 22 34 26.6 4.6

 Height (cm) 14 187 205 195.8 5.6

 Weight (kg) 14 82.1 118.2 99.8 10.7

 Arm span (cm) 14 195 213 203.9 6.3
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Australia) in the surveyed area. Full-court coverage was 
tested before each measurement. Via Ethernet cabling, 
the master anchor was connected with the data process-
ing laptop, allowing life tracking and tagging with a 10 Hz 
frequency. Data were processed using the manufacturer’s 
software (Openfield™ version 3.3.0, Catapult Sports, Mel-
bourne, Australia). Vector 7 receiver tags (81 mm length, 
43.5 mm width, 15.9 mm thickness) were attached at the 
upper back, between the athletes’ shoulders using Vector 
Elite Vest (Catapult Sports, Melbourne, Australia) which 
allows ECG heart rate analysis due to embedded HR sen-
sors. A 3D-accelerometer (± 16 G, 100 Hz), a magnetom-
eter (− D ± 4900 µT, 100 Hz), and a gyroscope (− 2000 
degrees per sec, 100 Hz) are built into the receiver, allow-
ing inertial movement analysis. To gain more informa-
tion about internal load, athletes were asked to rate their 
perceived exhaustion per session (session RPE) using a 
Borg-scale [30] 15–30 min after the end of the game.

For the TMG measurement (TMG; TMG-BMC Ltd., 
Ljubljana, Slovenia), a high-precision (4  μm) displace-
ment sensor with a spring constant of 0.17  N*mm−1 
[31] was placed perpendicularly on the muscle belly. The 
sensor measures the radial displacement over time of a 
muscle and transfers these data into a digital signal [32]. 
The locations of the sensor and electrodes were based on 
the suggestion by Perotto and Delagi [33]. Briefly, for the 
position of the sensor on the RF, the Spina iliaca anterior 
superior, as well as the middle of the upper edge of the 
patella was palpated. A tape measure was then used to 
determine the midpoint between these two points. The 
location was marked with a waterproof pen to always 
measure the same location throughout the tournament 
[34]. When necessary, the sensor position was slightly 
adjusted to measure the largest possible point of the 
muscle belly [35]. An inter-electrode distance of 5  cm 
was used for the position of the electrodes (self-adhesive; 
axion, 4 × 4 cm) [36]. Subjects lay in a supine position on 
an examination couch with the TMG cushion for thigh 
measurements placed under the right leg to ensure a 
knee angle of 120° [37]. Similarly, the position of the sen-
sor of the GC measurement was determined according 
to Perotto and Delagi [33]. The medial femoral condyle 
was palpated, followed by asking the subject to plantar-

flex the foot with the knee extended to determine the 
lower beginning of the muscle belly. The center of these 
two points defined the position of the sensor. Again, an 
inter-electrode distance of 5 cm was used. For the meas-
urement of the GC, the subjects lay in a prone position 

on the examination couch, with the TMG cushion for the 
measurements of the lower leg placed below the ankle 
joint in such a way that a pretension of the muscle was 
given. To trigger the mechanical response of the respec-
tive muscle, a single monophasic square wave with a 1 ms 
pulse was delivered from the TMG stimulator. Since the 
measurements were taken during basketball competi-
tions, the measurement protocol had to be adjusted due 
to time constraints. Therefore, only one of the two mus-
cles of the right half of the body was measured from each 
player. In addition, comparatively large jumps in pulse 
amplitude were chosen (60 mA, 80 mA, and 100 mA) and 
measured at 30  s intervals to save time. Randomly, the 
athletes were allocated to the groups of GC or RF.

On each day, a baseline measurement was conducted in 
the morning before any training activity occurred. Dur-
ing the tournament, TMG was set up in a separate space 
near the court site. After each match, the athletes were 
asked to get there as quickly as possible, with the ath-
letes of a team always being tested in the same order to 
maintain approximately the same time between the end 
of the match and the TMG measurement throughout the 
tournament. Therefore, each athlete was measured up 
to seven times within two days (see Fig. 1). As described 
above, some TMG data had to be excluded after visual 
inspection which occurred more often in GC than in RF 
group. For this reason, the count of the athletes being 
included into analysis in each TMG measurement (n) dif-
fers between the timepoints of measurements. Since one 
athlete showed unreliable values of the GC on day one, 
the group allocation was changed. For this reason, 15 
athletes were included in the analysis of the second base-
line measurement in RF group. The average time delay 
between the end of the game and the TMG measurement 
is 19:18 (± 04:45) min (also displayed in Fig. 1).

Data processing
Openfield™ was used to process positional and iner-
tial movement data, which were included in the analy-
sis as external load parameters. Player Load © was 
calculated using the manufacturer’s algorithm (t = time, 
fwd = forward acceleration, side = sideways acceleration, 
vert = vertical acceleration).

Inertial movement analysis (IMA) was used to detect 
PL, jumps and DEC during 3 × 3 games, as those move-
ment reflect eccentric muscular work to a large extent, 
which is mostly discussed to cause mechanical stress on 
the musculoskeletal system [38]. Tri-axial accelerometer 

PL = (fwdt=i+1
− fwdt=i)

2
+ (sidet=i+1 − sidet=i)

2
+ (vertt=i+1 − vertt=i)

2
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and gyroscope data (100  Hz) were taken into consid-
eration to evaluate the magnitude of the athlete’s move-
ments. To differentiate between athlete and device 
movement, an advanced gravity filtering model (Kalman 
filtering technique) was used. IMA ACC contain, based 
on the direction of sensor movement, positive accelera-
tions, while IMA DEC summarize negative acceleration 
values.

TMG raw data were saved in Microsoft Excel (Ver-
sion 16.5, Microsoft Corporation, Redmont, USA) for 
each athlete. Each measurement was visualized and com-
pared to other trials to exclude possible erroneous meas-
urements. Only the values of the curve with the highest 
maximum Dm was used for analysis. In addition to Dm, 
Vc was calculated using MATLAB® R2019b (Math-
Works, USA) and was defined as the calculated slope 
of the displacement curve over time. Vc was calculated 
as: (90%Dm–10%Dm) / (contraction time from 10 to 
90%Dm). To analyze changes of TMG parameters, ∆Dm 
and ∆Vc were calculated for each game by subtracting 
post-game values from pre-game values for each athlete 
in each measurement. Therefore, when ∆Dm and ∆Vc 
had positive values, there was an increase in contractility 
which was interpreted as PAP [18, 19], when values were 

negative, contractility decreased which indicates a loss of 
performance [20–22].

For analysis of the muscular reactions on the external 
load of a single 3 × 3 game, athletes were grouped calcu-
lating the percentage of change in Dm, since we assumed 
that athletes might respond in both directions. Group 
allocations are displayed in Table 2.

Statistics
Statistical analyses were performed using IBM SPSS (ver-
sion 26, IBM Corporation, Armonk, New York). Descrip-
tive statistics included means, standard deviations, 
minimum, and maximum. Graphs were generated using 
Microsoft Excel (Version 16.5, Microsoft Corporation, 
Redmont, USA).

All data were analyzed within the groups (GC and RF). 
When investigating differences of contractility within 
a single game, the first games of each day were taken into 
account since TMG values can be directly compared to 
the baseline measurement of each day. To analyze, if there 
are differences in TMG parameters regarding the baseline 
and the post-game measurements, a 2 × 2 repeated meas-
ures ANOVA was calculated including TMG values (Dm, 
Vc) and timepoint of measurement (pre-, post-game). 

Fig. 1  Study design. TMG measurements are marked yellow (square), games of the tournament are marked blue (rough). The time delay of TMG 
measurements = time of TMG measurement − time of the end of the related game. GC, M. Gastrocnemius medialis; RF, M. Rectus femoris, n = count 
of athletes being taken into analysis

Table 2  TMG analysis of a single game. Group allocation of all athletes who had a baseline measurement and a TMG measurement 
after game 1

GC, M. Gastrocnemius medialis; RF, M. Rectus femoris

Day 1 Day 2

Group ∆Dm > 0 ∆Dm < 0 ∆Dm > 0 ∆Dm < 0

Muscle GC RF GC RF GC RF GC RF

N 1 5 4 4 0 4 6 8
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Focusing on the relation of internal and external load, 
bivariate correlations (Pearson’s r) were calculated with 
PL, DEC, jump count, ∆Dm, and ∆Vc. The level of sig-
nificance was set to α < 0.05. Additionally, a bivariate cor-
relation (Pearson’s r) was calculated including ∆Dm, ∆Vc 
and the time delay between the end of the game and the 
TMG measurement.

For further analysis, athletes were grouped accord-
ing to their muscular load response. This allowed group 
comparisons, which were conducted using the ath-
letes’ performance in jumping and COD tasks. Correla-
tions were calculated including ∆Dm and performance 
parameters. The results were grouped concerning the 
muscle analyzed and the muscular response (∆ > 0: posi-
tive response, ∆ < 0: negative response). Also, we aimed 
to describe group differences which muscular responses 
might be based on.

Results
The average PL of a single 3 × 3 game is 126.0 (± 35.9) 
arbitrary units (a.u.). 23.6 (± 7.8) DEC and 21.7 (± 8.4) 
jumps are performed per game. The average time 
between the end of the game and the TMG measure-
ment was 19:18 (± 04:45) min. Athletes rated the games 
as being more and more exhausting as the tournament 
progressed (5.8 ± 1.6 to 7.3 ± 1.8).

The 2 × 2 ANOVA, showed a significant interaction 
effect (time*TMG value: F(1,10) = 19.39, p = 0.01). Main 
effects of TMG variables are significant in both, GC (F(1, 

10) = 45.63, p =  < 0.01; diffmean = 2.1, CI [1.4–1.8]) and RF 
group (F(1,20) = 212.46, p =  < 0.01; diffmean = 7.9, CI [6.7–
9]). In GC group, there is also a significant main effect of 
time (F(1,10) = 20.73, p = 0.01). TMG values were higher 
in the baseline measurement than in the post-game 
measurement (diffmean = 0.22, CI [0.11–0.33]).

There is no significant correlation between external 
and internal load parameters (Table 3). Regarding inter-
nal load variables ∆Dm and ∆Vc correlate significantly 
in the RF group (r = 0.87, p < 0.01). External load param-
eters also show significant correlations in RF and GC for 
DEC and PL (GC: r = 0.72, p = 0.01; RF: r = 0.64, p < 0.01). 
Jump count correlates with DEC in GC group (r = 0.62, 
p = 0.04). No significant correlations can be reported 
concerning the time delay and ∆Dm as well as ∆Vc in GC 
and RF group.

Since the athletes’ TMG response is independent of 
game load and is either positive (increasing) or negative 
(decreasing), performance parameters were analyzed 
to test if differences in the athletic performance can 
explain different TMG responses. Significant correla-
tions between TMG response (Dm) and performance test 
(COD) was only found in RF positive response group, on 
day two (r = − 0.98, p = 0.02).

There is only one athlete in the GC group who showed 
a positive response after playing one 3 × 3 match. Slight 
differences in the performance parameters of this athlete 
(higher jumping height and RSI, but longer COD dura-
tion) can be shown when comparing the values to the 

Table 3  Correlation matrix of external game load and TMG response following a single 3 × 3 game

Significant correlations (p < 0.05) are marked bold

PL, player load; DEC, deceleration; Jumps, total jump count; GC, M. Gastrocnemius medialis; RF, M. Rectus femoris

M. Gastrocnemius M. Rectus femoris

DEC Jumps ∆ Dm ∆ Vc DEC Jumps ∆ Dm ∆ Vc

PL

 Pearson 0.72* 0.39 0.07 0.58 0.64* 0.73 − 0.13 − 0.17

 p 0.01 0.23 0.85 0.06 < 0.01 0.76 0.57 0.46

 N 11 11 11 11 20 20 21 21

DEC

 Pearson 0.62* 0.26 0.30 0.17 − 0.29 − 0.41

 p 0.04 0.45 0.37 0.47 0.21 0.07

 N 11 11 11 20 20 20

Jumps

 Pearson 0.40 0.31 − 0.22 − 0.18

 p 0.23 0.36 0.35 0.45

 N 11 11 20 20

∆ Dm

 Pearson 0.51 0.87*
 p 0.11 < 0.01
 N 11 21
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other athletes of the GC group. Within the RF group, 
12 athletes showed a negative response, nine showed 
increased TMG values (see Tables 2, 4). There are small 
differences between the performance parameters in this 
group. Since SD is larger than the group differences, we 
do not assume that the athletic state influences contrac-
tility of the muscle after a 3 × 3 game.

Because 3 × 3 is played in a tournament mode, we 
aimed to report changes in the individual TMG response 
during the tournament. However, although data were 
captured in all 23 participants, TMG measurements after 
every single game could only be acquired in three ath-
letes of the GC group and six athletes of the RF group. 
Therefore, data of those athletes are presented descrip-
tively in a Additional file  1. There is no clear trend to 
be reported regarding both, load and TMG parameters. 
Some athletes rather show potentiation of contractility, 
some show only small changes during the tournament. A 
high decrease in contractility can only be seen after single 
games but not during the course of a game day.

Discussion
External load, which can be quantified by microsensor 
technology, leads to reactions of both the cardiovascular 
and musculoskeletal systems [15]. We aimed to inves-
tigate the effect of mainly eccentric load parameters on 
muscular tissue by analyzing its contractility.

Repeated measurements ANOVA revealed signifi-
cant effects of time only in the GC group, with TMG 
values being higher in the baseline than in the post-
game measurements. This is in line with the further 
analysis of the TMG response, where only one athlete 
showed increased TMG values, while in the RF group, 
increased and decreased values can be reported with 
equally high incidence. One possible explanation might 
be the muscle fiber contribution of GC and RF. Dah-
mane et  al. [39], Staron et  al. [40] and Pierrynowski 
and Morrison [41] reported that there are more type 

II muscle fibers in the superficial area of the RF than 
the GC. Due to lower basal calcium sensitivity and 
myosin light chain kinase activity, the effect of PAP is 
assumed to be greater in type II fibers than in type I 
fibers [42–44]. Primarily, PAP is driven by an increase 
in muscle’s calcium sensitivity due to the phosphoryla-
tion of the myosin regulatory light chain [18]. In con-
trast to PAP mechanisms, muscular fatigue is driven by 
phosphate accumulation which leads to decreased cal-
cium sensitivity [45] and, therefore, a depression of the 
contractile response. The question arises whether or to 
what degree the athletes’ external load is critical to the 
muscular response. We hypothesized that external load 
parameters correlate with the muscular response.

There was no significant correlation between inter-
nal and external load parameters when analyzing a sin-
gle 3 × 3 basketball game. In GC, out of 11 athletes, two 
athletes responded with increased Vc values post game. 
All others showed decreased Vc values—unexpectedly, 
the decreases were higher when game load was lower. 
Concerning the Dm, only one athlete responded posi-
tively (higher Dm post game). In contrast to Vc, high 
external load leads to higher decreases in Dm. However, 
there is no significant correlation of load parameters 
between Vc and Dm in GC group, which might be caused 
by small sample size (especially in GC group) and high 
variance within the data. Also in the RF group, neither 
Vc nor Dm were correlated with external load parame-
ters occurring during a 3 × 3 game. While most athletes 
in the GC group responded with decreased Dm and Vc 
values, athletes in the RF group showed both increased 
as well decreased TMG values. Since, in some cases, 
athletes responded with increased values in one game 
and decreased values in another game, the question is 
whether there is an individual threshold after which 
potentiation turns into muscular fatigue. Rassier and 
MacIntosh [45] stated that the contractile response is 
dependent on the amount and intensity of muscular work 

Table 4  Means and standard deviation of the athletes’ performance parameters grouped by the muscular response in game one of 
each day

SD, standard deviation; Neg, negative; Pos, positive; GC, M. Gastrocnemius medialis; RF, M. Rectus femoris

N CMJ DJ COD

Mean SD Mean SD Mean SD

GC

 Neg. response 10 46.98 4.09 0.19 0.03 6.91 0.20

 Pos. response 1 49.84 0 0.22 0 7.20 0

RF

 Neg. response 12 40.85 5.06 0.16 0.04 7.15 0.20

 Pos. response 9 39.84 5.58 0.15 0.05 7.45 0.51
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with brief repetitive stimulations leading to a potentia-
tion of the contractile response and continued stimula-
tions resulting in impaired contractile response (fatigue) 
which can be explained by the common mechanisms of 
PAP and fatigue, which are caused by a change in calcium 
sensitivity [45].

When analyzing the athletic level of the subjects in this 
study, significant correlations between performance test 
results and TMG values were only found in the RF group 
where COD test time correlated with ∆Dm. The athletes 
who were faster in the COD test showed higher (positive) 
changes concerning the muscle contractibility. However, 
sample size is very small for this group, so this can only 
be interpreted as a small indication that off-game perfor-
mance might be a factor influencing changes in the TMG 
response. In the other tasks and groups, there are neither 
weak, middle or strong correlations to be reported. One 
reason for the result may be the demands of the tasks 
given. When performing a COD movement or jumps, not 
only the muscular response but also intra- and intermus-
cular coordination and neural mechanisms determine 
the performance output [46]. Also, especially concerning 
the COD task, technical aspects, as well as the scores in 
jumping tests, might have influenced the performance. 
Concerning the DJ task an association between contact 
time and Dm in rectus femoris of elite soccer players was 
reported by [46]. Even though TMG results are moder-
ately related to factors linked with a stretch–shortening 
cycle related task in their study, the authors state that 
TMG parameters are no predictors for power-dependent 
motor tasks [46]. Regarding the results of this investiga-
tion, again, there is only small variance within the data, 
especially regarding the COD test duration. One explana-
tion for the lack of variance might be the expertise level 
of the athletes tested within this study. All athletes com-
peted at national state level and therefore did perform 
well in the performance tests. Since no major differences 
were seen, it could be assumed that due to the high train-
ing status, even a 3 × 3 game does not result in any signif-
icant changes in the contractility of the musculature. In 
their review, García-García et al. [47] reported changes in 
TMG parameters in diverse sports (e.g., endurance ath-
letes, sport games, and gymnastics) provoked by diverse 
stimuli (training periods, competition, rehabilitation). 
When analyzing professional soccer and rugby players, 
altered TMG values were reported for both, Dm and Vc 
in RF. However, these results were reported after an 8- to 
10-week training period or during a season. This raises 
the question of whether the external load of a single 
match is not high enough to affect muscle contractility in 
highly trained athletes.

As described above, one may assume that external 
load can have a two-way influence on TMG parameters 

– either showing a potentiation or a decrease in contrac-
tility. We would assume the relation of load and muscular 
response to be of an inverted-U type with an individual 
optimum load, leading to great PAP and even higher load 
leading to fatigue. The work of Peterson and Quiggle 
[48] supports this theory. The authors also investigated 
the internal–external load response in female basketball 
players during one entire season using TMG and accel-
erometer-based load analysis. The authors found sig-
nificant positive correlations between contraction time 
and the external load (accumulated count of ACC and 
DEC in all directions). More interestingly, they stated 
that a decrease of external load (13%) led to substan-
tial decreases in internal load (20%). Also, an increase 
in external load (40%) led to an increase in internal load 
(18%) [48]. However, the sample size in their study was 
quite low, which is why further analysis has to be con-
ducted. Regarding the data of this investigation, we 
cannot show proof for an inverted-U-theory since the 
variance within the load data is small. This might also 
be the reason for missing correlations between external 
load and TMG response. To further investigate a possible 
dose–response relationship of external and internal load, 
the external load would have to be varied systematically 
and TMG values would have to be collected accordingly.

Because in 3 × 3 two to three games are played per day 
in multiple-day tournaments [2], it is important not only 
to analyze a single game but also to focus on the whole 
tournament. Three athletes from the GC group and four 
athletes from the RF group were measured seven times 
during a two-day tournament. Neither changes between 
the baseline measurements on day one and day two, nor 
clear changes during the course of the tournament can be 
shown. However, there are quite high interindividual dif-
ferences concerning the muscular response which might 
act in favor of the above-mentioned inverted-U theory.

There are some limitations regarding the practicabil-
ity of the study design and the data interpretation. Since 
data were collected at an official tournament, the teams’ 
main goal was to reach a successful outcome. Therefore, 
we aimed to conduct our measurements as quickly and 
accurately as possible without disturbing the athletes’ 
usual routines. We instructed them to come to us as soon 
as possible after the game to collect the sensors and to 
carry out the TMG measurement. Also, the athletes 
of each team were measured in the same order on each 
measurement. However, in some cases, the teams used 
the time directly after the match to analyze the game. 
Then, it was not possible to capture TMG data directly 
after the termination of the game. For this reason, the 
time delay of the TMG measurement was not the same 
after each match. However, since the time delay was not 
significantly correlated with the TMG response within 
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this analysis, we can assume that it did not influence 
the TMG values systematically. When the teams were 
not able to get to the measurement setup before the fol-
lowing game ended, we were not able to conduct TMG 
analyses for each team member. This is why the sample 
size of those persons for whom every measurement could 
be conducted is quite low. Additionally, there have been 
some difficulties in measuring GC. Since there have been 
atypical curves, challenging measurement quality, sev-
eral data sets had to be excluded from analysis. Due to 
beforementioned time constraints, it was not possible to 
immediately check the data or repeat the TMG measure-
ments during the tournament. This limits the informative 
value of the investigation since the sample size in GC is 
significantly smaller compared to RF. However, these 
constraints pop up in ecologically valid settings. Even 
though sometimes it took longer until the athletes could 
be measured, the time delay between the end of the game 
and the TMG measurement was less than 20  min. It is 
therefore expected that possible changes in contractil-
ity can still be measured [18, 23, 24]. Furthermore, in the 
context of the transferability of the research results into 
practice, it is questionable whether effects that show up 
only very shortly after the load have relevance for prac-
tice (concerning game tactics and regeneration) since the 
breaks between games are longer than 20 min in 3 × 3.

Although TMG measurements are sensitive to detect-
ing changes in contractility of the muscle after specific 
motor tasks [19, 24, 49, 50], other authors are ques-
tioning the reliability of the method. Wiewelhove et  al. 
[28] state that TMG markers are not sensitive enough 
to detect muscular performance changes after a 4-day 
HIT microcycle. One possible explanation might be the 
mechanism of fatigue, which can be peripheral (within 
the muscle, beyond the neuromuscular junction) or cen-
tral, involving CNS and neural pathways [51]. When 
mainly central fatigue occurs as a result of physical exer-
cise, peripheral mechanisms might not be impaired and, 
therefore, contractility of the musculature is unchanged. 
Especially in young athletes, higher central than periph-
eral fatigue was reported after repeated maximal con-
tractions [52]. This effect might also be explained by a 
greater reliance on slow-twitch muscle fibers in youth 
athletes [53, 54]. Within this study, only adults were 
included, however, when analyzing the rating of per-
ceived exhaustion, the athletes rated the games to be 
“hard” to “very hard”.

Within this investigation, there were no systematic 
changes of contractility of the musculature after a single 
3 × 3 game and during the tournament. One may assume 
that a specific focus on muscular regeneration is not nec-
essary to succeed in a 3 × 3 tournament in elite 3 × 3 ath-
letes, however, there is a need to conduct more evidence 

based analysis on this topic to further prove it. Also, anal-
ysis of less trained athletes as well as a systematic varia-
tion of the load could be advantageous to investigate the 
relationships between changes in contractility following a 
3 × 3 Basketball game.

Conclusion
Three-on-three basketball is a sport with a high amount of 
jumps, COD, ACC, and DEC. Therefore, we hypothesized 
a decrease in muscular contractility due to the game load 
of a single 3 × 3-game. However, it seems that elite ath-
letes are well prepared for this kind of external load in this 
investigation. Even though analyzes showed a significant 
decrease in TMG values of the GC after a single game, no 
systematic changes in muscular contractility with regard 
to the external load can be reported for RF. Concerning 
the course of the tournament, systematic changes can nei-
ther be reported for GC nor for RF. Because of the sport 
being played in tournament mode, information about the 
regeneration status of athletes seems to be crucial. Within 
this analysis, athletes were not greatly affected by game 
load. Therefore, one might assume that the break between 
games is sufficient to return to the initial level, however, 
this needs to be investigated in further analysis. Neverthe-
less, athletes report that the games are perceived as more 
strenuous as the tournament progresses, which could be 
explained by global fatigue.
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