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Abstract 
This study aimed to (1) determine the kinematics of the different 
body parts during the execution of one of the basic combinations 
of plays – a few selected strokes and the footwork used to com-
bine them, and (2) evaluate the variation of these kinematics. The 
study included eight male advanced-level (polish national team) 
table tennis players (aged 22.7 ± 2.7 years). All of them were 
right-handed and presented an offensive style of play. Participants 
performed one task: performing a series of topspin strokes. Kine-
matic parameters were measured using the MR3 myoMuscle 
Master Edition system. The movement of the playing hand was 
used to assess specific cycle events. Angular values and velocities 
of the body segments and maximal linear velocities of the playing 
hand were calculated. The basic statistics were applied. Quartile 
coefficients of variation were used to assess the interindividual 
variability. The research made it possible to determine the kine-
matics of the strokes used in the combination of plays in table 
tennis. The essential elements of coordination of movements dur-
ing the combination of three topspin strokes were indicated. Play-
ers make strokes during a series of plays at high frequency and 
velocity (up to several hundred degrees/s at some joints), reduc-
ing the ranges of motion in specific body segments, which were 
observed to be smaller (even up to several dozen degrees) than 
the analogous ranges reported in the literature for single strokes. 
This seems to be a significant note to players and coaches in table 
tennis. In addition, the players execute the stroke slightly differ-
ently than in single strokes, which is caused by the need to com-
bine the striking movement with footwork and quickly position 
themselves for subsequent hits. The players also used different, 
variable execution patterns (different angles – settings in the 
joints), although the effect – in the form of the maximum velocity 
of the playing hand – was very similar. This can be considered a 
manifestation of a phenomenon called "functional movement var-
iability," which means that athletes adjust their movements using 
different movement patterns but achieve similar results regarding 
maximum linear hand speed. This highlights the importance of 
the individualisation process in table tennis. 
 
Key words: Sports, movement coordination, movement variabil-
ity, complex sport technique. 

 
 
Introduction 
 
Table tennis is a very diverse game when it comes to the 
technical and tactical actions taken by the players, and their 
type largely depends on the player's abilities and skills, as 
well as the opponent, the game situation, gender, etc. 
(Grycan and Bańkosz, 2024). The game of table tennis is 
one of the fastest sports (Biz et al., 2022), in which move-
ment technique (strokes and their combinations, footwork, 
etc.) is essential for reaching the championship level (Wu, 
2017). Therefore, describing and obtaining data on the 

technique is of inestimable importance. However, the 
range of issues related to table tennis technique seems 
enormous. This is because players use many techniques in 
different variations, depending on the strength, speed, and 
direction of movement used, in different playing situations, 
placing the ball differently with a certain velocity and ro-
tation on the table, with the possibility of inter- and intra-
individual variability in the playing technique used. The in-
formation coming from evaluating the biomechanics of 
strokes and footwork in table tennis seems very important. 
The study of table tennis kinematics has become increas-
ingly popular and widespread in recent years, undoubtedly 
aided by the development of technology and testing tools. 
Among the most frequently addressed problems in this 
field are those concerning the determination of the kine-
matics of the body's individual parts during the perfor-
mance of strokes in table tennis (Inno and Kojima, 2009; 
2011; Malagoli Lanzoni et al., 2018). Some studies con-
cerned table tennis footwork (Qian et al. 2016, He et al. 
2021) and the kinematics of the racket during the most fre-
quently used strokes (Bańkosz and Winiarski, 2017). Re-
search in this field usually concerns the comparison of kin-
ematics between athletes of different levels of sport (Wang 
et al., 2018, He et al., 2021). Sometimes, researchers ad-
dress the problem of the relationship between the move-
ments of selected body segments and the racket (Iino et al., 
2008; Bańkosz and Winiarski, 2018). In the literature, stud-
ies that compare the execution of strokes with different 
racket grips can be found (Xia et al., 2020). Most of the 
studies indicated above, however, do not consider the dif-
ferences between different variations of the technique of 
the same stroke, which, as described above, can have dif-
ferent values of the force used, the rotation given to the 
ball, or the velocity (e.g., fast topspin "from the table" vs. 
strong topspin from half distance). 

The issue of movement variability has intrigued re-
searchers and sports practitioners for years. It is an essen-
tial element occurring during free movements, which some 
regard as movement "noise" not worthy of scientific con-
sideration and others as a normal phenomenon, manifest-
ing functional variability, injury avoidance, and adaptation 
(Bartlett et al. 2007). Often, the variation in movement is 
due to a compensation mechanism – a change in the range 
of motion in one joint, for example, is compensated for by 
a change in another (Dupuy et al., 2000). The authors em-
phasise that even the best athletes experience variability 
when performing the same movement (Bartlett et al., 
2007). Movement variability occurs in sports activities due  
to the extreme complexity of the neuromusculoskeletal 
system and the redundancy of its degrees of freedom     
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(Bartlett et al., 2007; Preatoni et al., 2012; Hamill et al., 
2006). Cowin et al. (2022) distinguish three types of move-
ment variability: strategic variability (describes the ap-
proaches or methods of movement used to complete a 
task), execution variability (describes the intentional and 
unintentional adjustments of the body between repetitions 
within the same strategy); and outcome variability (de-
scribes the differences in the result or product of a move-
ment). 

Assessing inter-individual or intra-individual varia-
bility can be important for sports theorists and practition-
ers. Thanks to its understanding, it is possible, for example, 
to create alternative movement programs with a recom-
mendation to perform a given movement or elements of 
sports technique. Its consideration seems essential in indi-
vidualising training, tailoring the training program to the 
athlete's needs (Dupuy et al., 2000). 

The evaluation of movement variability in table ten-
nis is poorly researched. Bootsma and van Wieringen 
(1990) evaluated variation in racket motion during fore-
hand drive stroke, confirming functional variation in racket 
kinematic parameters. They also pointed out less variation 
in the spatial dimension (direction of the racket's move-
ment) when it contacted the ball. Similar observations were 
made by Sheppard and Li (2007), who studied the param-
eters of racket movement during a forehand drive stroke, 
finding a decreasing variation in some of them when the 
racket contacted the ball, emphasising the importance of 
controlling the movement during its execution. A recent 
study by Iino et al. (2017) also found that the ability to ex-
ploit the racket angle's alignment (stabilisation) limitation 
at the moment of ball contact may be a key element in de-
termining the game's effectiveness. Recent studies 
(Bańkosz and Winiarski, 2020; Bańkosz et al., 2020) indi-
cate large intra- and inter-individual variations in kine-
matic parameters during the execution of a topspin fore-
hand stroke. 

As indicated above, the study of kinematics and its 
variability is most often concerned with a single technique 
(of a given stroke, comparison of several strokes, determi-
nation of kinematics of a single step, etc.). In real-game 
situations, however, the so-called complex technique is 
much more common, i.e., combining two or more strokes 
into a combination of strokes. And it is the compound tech-
nique - the combinations of strokes and the footwork that 
enables them to be combined - reflects the game situation. 
No studies evaluate the kinematics of the strokes used in 
the compound technique or the degree of variation. Evalu-
ating the kinematics of the compound technique presented 
by high-level athletes in table tennis and demonstrating its 
variability can allow, as mentioned above, to show some 
models of the performance of strokes and their combina-
tions and the range of their variability. This information 
can be helpful to coaches and table tennis players and allow 
them to bring it into training for competitions. In addition, 
the finding of a significant variation in the kinematics of 
the used strikes may emphasise the need to apply the prin-
ciple of individualisation in the training process, especially 
regarding sports technique and its teaching (e.g., creating 
alternative movement programs). Therefore, this study 
aimed to determine the kinematics of the different body 

parts during the execution of one of the basic combinations 
of plays – a few selected strokes and the footwork used to 
combine them and evaluate the variation of these kinemat-
ics. 
 
Methods 
 
Participants 
The study included eight advanced-level male table tennis 
players (from the Polish national team), aged 22.7 ± 2.7 
years, with a height of 178 ± 2.7 and a body weight of 76 
± 7.4 kg. All participants were right-handed, offensive 
players with over 10 years of competitive experience. The 
participants were informed of the purpose of the study and 
gave informed consent to participate in the experiment. 
The Bioethics Committee approved the experiment (The 
Senate Bioethics Commission of Wroclaw University of 
Health and Sport Sciences, approval no. 34/2019). 
 
Procedures 
The tests were performed at the Table Tennis Sports Centre 
in Grodzisk Mazowiecki. Before the tasks, every partici-
pant followed standardised warm-up procedures: general 
(15 minutes) and table tennis-specific (20 minutes). Partic-
ipants performed one task, which consisted of performing 
a series of strokes sequentially: topspin backhand from the 
backhand corner (B), topspin forehand from the backhand 
corner after pivot (Fbh), and topspin forehand from the 
forehand corner (Ffh). This was task No. 52 (Falkenberg) 
from the set of exercises included in the Robo-Pong 2055 
robot manual. This sequence (B, Fbh, and Ffh) was re-
peated five times; together, 15 strokes were presented. 
Players were asked to hit the marked area in both corners 
of the table (30x30 cm) diagonally (Instruction given: 
"Play diagonally, accurately, and as hard as you can." 
Every successful shot considered “on the table” and played 
diagonally was recorded for further analysis (missed balls, 
balls hit out of bounds, balls hit into the net, etc.). were 
excluded). The balls were shot by a dedicated table tennis 
robot (Newgy Robo-Pong 2055 robot, Nevgy Industries, 
Tennessee, USA - Figure 1) at constant parameters of rota-
tion, speed, direction, and flight trajectory (chosen task 
from the list, set automatically - task number 52, Figure 1). 
For the experiment, the same racket with the following 
characteristics was used: blade - Jonyer-H-AN (Butterfly, 
Japan), rubbers (both sides) - Tenergy 05, 2.1 mm (Butter-
fly, Japan). Plastic Andro Speedball 3S 40+ balls (Andro, 
Germany) and a Stiga Premium Compact table (Stiga, 
Sweden) were used. 
 
Instruments and measurements 
Kinematic parameters were measured using the MR3 my-
oMuscle Master Edition system (myoMOTION™, Nor-
axon, USA – Figure 1). Noraxon's Inertial Measurement 
Units can be considered an alternative to the optical motion 
capture system for movement analysis. The IMU 3D angu-
lar measurement showed mostly good to high test-retest re-
liability with relatively small standard error of measure-
ment (Tao et al., 2012). During dynamic trials, the MSE 
(root mean squared error) for MyoMotion, when compared  
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                  Figure 1. Study design. 
 
with Vicon, is expected to be 0.50, and the correlation co-
efficient between Vicon and MyoMotion for dynamic trials 
to be 0.99 (Balasubramanian, 2013). The accuracy and va-
lidity of the IMU system in angle determination is unques-
tioned and was a subject of previous research (Sharif Bi-
dabadi et al., 2018). The myoMOTION system consists of 
a set of (1 to 16) sensors using Inertial Sensor technology. 
Based on so-called fusion algorithms, the information from 
a 3D accelerometer, gyroscope, and magnetometer is used 
to measure the 3D rotation angles of each sensor in abso-
lute space (Yaw‐pitch‐roll, also called orientation or navi-
gation angles). Inertial sensors were located on the body of 
the study participant to record the accelerations, according 
to the myoMotion protocol described in the manual (Figure 
1). Sensors were attached by the same technician with 
unique straps and elastic self-adhesive tape. Every strap 
had its pocket for the inertial sensor. The straps with the 
sensors were light and easy to use and wear. The sensors 
were placed symmetrically so that the positive x-coordi-
nate on the sensor label corresponded to a superior orien-
tation for the trunk, head, and pelvis (Figure 1). Every par-
ticipant, at the beginning of the measure, was checked, and 
the system was calibrated. The positive x-coordinate cor-
responded to a proximal orientation for the limb segment 
sensors. For the foot sensor, the x-coordinate was directed 
distally (to the toes). The sensors were placed according to 
the myoMotion manual protocol. The max sampling rate 
for a given sensor/receiver was 100 Hz per sensor for the 
whole 16-sensor set. 

The following angles were recorded: ankle dorsi-
flexion, ankle inversion, ankle abduction, knee flexion, 
hips flexion, hips abduction, hips rotation, lumbar rotation, 
lumbar flexion, lateral lumbar bending, thoracic rotation, 
thoracic flexion, thoracic lateral bending, playing-hand 
shoulder: flexion, abduction and rotation, playing-hand el-
bow flexion, playing-hand wrist: extension, supination, 
and radial abduction. 

The movement of the playing hand was used to as-
sess specific cycle events. The designated events were 0 

(start of B), 1 (end of B), 2 (start of Fbh), 3 (end of Fbh), 4 
(start of Ffh) and 5 (end of Ffh). Measurements of the non-
playing limb were omitted. When analysing the kinematics 
of the phases, only the evaluation of the forward phases, 
i.e., the hitting phases, which were the time segments 0-1 
(hitting phase B), 2-3 (hitting phase Fbh), and 4-5 (hitting 
phase Ffh), were included in the study. 

This paper calculated angular values in events, an-
gular velocities in events, maximum angular velocities in 
forward (hitting) phases, and maximum linear velocities of 
the playing hand in forward (hitting) phases. 
 
Statistical analysis 
Statistical calculations were performed using Statistica 
13.1 (TIBCO Software Inc). The Shapiro-Wilk test was 
used to test the normality of data distribution for each var-
iable (angular parameters, velocities). A lack of normality 
in data distribution was found. The basic statistics were ap-
plied. The assessment of interindividual variability of indi-
vidual parameters consisted of calculating quartile coeffi-
cients of variation and evaluating them. An interpretation 
was adopted as for the classical CV, recognising that the 
higher the value of the coefficient, the greater the variation, 
also using the interpretation: < 25% - low variability; 25%-
45% - average variability; 45%-100% - substantial varia-
bility; > 100% - extreme variability. 
 
Results 
 
Angle values in each event and coordination of move-
ments 
The results of the angular values and the descriptive statis-
tics about them can be seen in Figure 2, Figure 3, Figure 4, 
Figure 5, and Table 1. Angular velocities and descriptive 
statistics are presented in Table 2. By analysing the indi-
vidual figures and comparing them with each other, it is 
possible to trace the range of motion and its direction in 
each joint in the entire group of subjects. 
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  Figure 2. Values of angles in particular events - playing arm. 
 

 

 

 
 

Figure 3. Values of angles in particular events - right leg.  
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Figure 4. Values of angles in particular events - left leg. 
 

 

 

 
 

Figure 5. Values of angles in particular events – torso. 
 

During the execution of topspin backhand (B), the 
players perform a flexion movement at the ankle joints in 
the hitting phase (on average about 20 degrees, angular ve-
locities approx. 100 - left (L) - 160 - right (R) deg/s), right 
knee joint extension (average approx. 15 degrees, max ve-
locity L - 180 deg/s, R - 320 deg/s), minimal extension in 
the left knee, slight extension of the trunk and its lateral 
flexion (to the right) - Figure 3, Figure 4, Table 1, Table 2. 

The shoulder joint of the playing limb in the hitting phase 
shows flexion (range on average about 50 degrees, maxi-
mum angular velocity 388 deg/s), abduction (range aver-
age 40 degrees, velocity 399 deg/s), and external rotation 
(average 50 degrees, max. velocity - 638 deg/s) - Figure 2, 
Table 1, Table 2. The extension was observed at the elbow 
joint during the hitting phase (approx. 40 degrees, max. ve-
locity - 142 deg/s). At the wrist joint in the discussed phase, 
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the movements of extension, radial flexion, and supination 
of the hand are noticed, with an average range of motion of 
approx. 15, 20, and 50 degrees, respectively. The maxi-
mum angular velocities in these movements are 534, 286, 
and 1046 deg/s, respectively). The resultant maximum lin-
ear velocity of the playing hand in the hitting phase is 7.5 
m/s. (Table 3). The combination of B with the second 
stroke, a topspin forehand after a pivot from the backhand 
(bh) corner (Fbh), required a change in the alignment of the 
entire body. The athletes put their right leg backwards, 
flexing it at the right hip joint and rotating it outward. 
These movements range from 20-30 degrees (Figure 3, 4, 
Table 1). The alignment in the joints of the right foot is like 
that in B. A trunk rotation to the right follows (range ap-
prox. 20 degrees), and flexion to the right (approx. 15 de-
grees) is necessary. The hitting phase of Fbh involves trunk 
extension, i.e., hip extension and lumbar extension (on            
average several degrees) and rotation to the left (approx. 10 
degrees, Figure 5, Table 1) and about 20 degrees of exten-
sion in the right knee joint, slight flexion in the left. This 

movement corresponds to the centre of gravity transfer 
from the right leg to the left. The maximum angular veloc-
ities are, in this phase, approx. 65 deg/s (hip), 22 deg/s 
(lumbar), about 11-14 deg/s, and in the knee joint – 180 
deg/s (L) - 360 deg/s (R) degrees/s (Table 2). The upper 
limb in the hitting phase is flexed at the shoulder joint to 
an average of approx. 50 degrees (maximum velocity of 
100 deg/s), deferred in a range of several degrees (max ve-
locity of 88 deg/s and rotated inward in a range of approx. 
30 degrees, with a maximum angular velocity of this move-
ment of 40 deg/s) - Figure 2, Table 1, Table 2. At the elbow 
joint of the playing limb, the flexion of approx. Thirty de-
grees on average, with a maximum angular velocity of 94 
deg/s, is observed. The wrist joint is flexed radially in the 
striking phase of Fbh in a range of several degrees (maxi-
mum velocities of 23 and 11 deg/s, respectively), and the 
hand in several degrees of supination motion. The maxi-
mum resultant linear velocity of the playing hand in this 
phase is 5.44 m/s (Table 3). Higher values were noticed for 
the upward and forward components (9 m/s). 

 
Table 1. Aggregate results descriptive statistics – values of angles (median – in degrees) in particular events. 

Variable Instance Median 
Lower 

Quartile
Upper 

Quartile
Inter Quartile

Range 
Skewness

Std.Err. 
Skewness 

Kurtosis 
Std.Err.
Kurtosis

qCV[%]

Lumbar Flexion 0 16,5 13,6 20,8 7,2 0,7 0,4 0,1 0,8 43,6 
Lumbar Lateral 0 0,9 -0,1 2,2 2,3 -0,5 0,4 0 0,9 242,3 
Lumbar Axial 0 -1 -2,2 -0,3 1,9 -0,7 0,4 0,1 0,9 -189,2 
Thoracic Flexion 0 0,5 -8,5 6 14,5 0 0,3 -0,7 0,7 2886,8 
Thoracic Lateral 0 1,4 -5,2 4,5 9,7 0 0,4 -1,4 0,9 670,7 
Thoracic Axial 0 -8,3 -10,6 -4,3 6,3 0,2 0,4 0,3 0,9 -74,9 
Elbow Flexion RT 0 67,2 61,4 76,9 15,5 0,8 0,3 0,5 0,7 23,1 
Shoulder Flexion RT 0 29,5 21,4 42,2 20,8 0,1 0,3 -0,2 0,7 70,7 
Shoulder Abduction RT 0 33,6 19,3 38,7 19,4 -0,4 0,3 0,7 0,7 57,7 
Shoulder Rotation RT 0 -73,7 -80,5 -65,7 14,8 0,4 0,3 2,7 0,7 -20,1 
Wrist Extension RT 0 -30,1 -37,1 -14,7 22,4 0,5 0,3 -0,4 0,7 -74,6 
Wrist Radial RT 0 -26,2 -36,2 -17,6 18,5 0,1 0,3 -1,2 0,7 -70,7 
Hand Supination RT 0 39,3 29,2 43,6 14,4 0,4 0,3 1,4 0,7 36,6 
Hip Flexion LT 0 56,6 49,1 64,3 15,2 0,4 0,3 -0,7 0,7 26,8 
Hip Flexion RT 0 45,9 39,2 53,6 14,4 -0,8 0,3 0,8 0,7 31,2 
Hip Abduction LT 0 21,4 17,7 25,4 7,7 0,4 0,3 0,6 0,7 36,1 
Hip Abduction RT 0 24,2 21,6 27,6 6 0 0,3 0,1 0,7 24,6 
Hip Rotation LT 0 -20,4 -24,8 -11,6 13,2 0,2 0,3 0,1 0,7 -64,9 
Hip Rotation RT 0 -3,1 -10 1,9 11,9 1,1 0,3 1,7 0,7 -388,1 
Knee Flexion LT 0 49,9 40,9 60,2 19,3 0 0,3 0,3 0,7 38,7 
Knee Flexion RT 0 53,8 41,4 62,3 20,9 -0,5 0,3 0,5 0,7 38,7 
Ankle Dorsiflexion LT 0 12,5 6,9 25,1 18,2 0,3 0,3 -0,2 0,7 145,2 
Ankle Dorsiflexion RT 0 10,5 -0,5 20,7 21,2 -1,5 0,3 5,4 0,7 201,9 
Ankle Inversion LT 0 12,1 3 20,8 17,9 -0,2 0,3 -0,4 0,7 147,3 
Ankle Inversion RT 0 20,6 15,6 29,5 13,8 0,3 0,3 0,1 0,7 67 
Ankle Abduction LT 0 -3,1 -12,2 0,8 13 0,8 0,3 3,4 0,7 -416,4 
Ankle Abduction RT 0 6,2 -2,1 19,8 21,8 0,3 0,3 -0,9 0,7 354,3 
Lumbar Flexion 1 15,2 13 19,9 6,9 -0,2 0,4 -0,5 0,8 45,5 
Lumbar Lateral 1 -0,2 -1,3 0,8 2,2 -1,2 0,4 1,8 0,9 -1142,2 
Lumbar Axial 1 -2,9 -4,7 -1,7 3 0,1 0,4 0,7 0,9 -102,1 
Thoracic Flexion 1 -8,2 -15,7 -2,2 13,6 0,1 0,3 -0,3 0,7 -165,5 
Thoracic Lateral 1 -3,4 -7 -2,2 4,9 0 0,4 -0,2 0,9 -143,7 
Thoracic Axial 1 -9 -13,8 -4,3 9,5 0,8 0,4 -0,2 0,9 -105,4 
Elbow Flexion RT 1 28,9 22,7 47,2 24,5 0,9 0,3 -0,1 0,7 84,6 
Shoulder Flexion RT 1 78,3 55,9 84,9 29 -0,9 0,3 0,6 0,7 37 
Shoulder Abduction RT 1 64,2 53,1 78,3 25,3 -1,1 0,3 7,1 0,7 39,4 
Shoulder Rotation RT 1 -13,3 -27,5 -7,9 19,6 -1,4 0,3 2,2 0,7 -147,4 
Wrist Extension RT 1 -16,9 -26,3 -7,2 19,1 -0,2 0,3 0,3 0,7 -112,9 
Wrist Radial RT 1 -4,6 -13,1 8,4 21,4 0,7 0,3 -0,4 0,7 -466,2 

RT – right, LT - left 
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Table 1. Continue... 

Variable Instance Median 
Lower 

Quartile
Upper 

Quartile
Inter Quartile

Range 
Skewness

Std.Err. 
Skewness 

Kurtosis 
Std.Err.
Kurtosis

qCV[%]

Hand Supination RT 1 97,7 77,1 114,8 37,7 -0,3 0,3 -0,7 0,7 38,6 
Hip Flexion LT 1 50,3 45,3 56,3 11 0,1 0,3 0,5 0,7 22 
Hip Flexion RT 1 46,9 33,4 55,6 22,3 -0,3 0,3 -0,5 0,7 47,5 
Hip Abduction LT 1 17 11,7 21,7 10 1 0,3 1 0,7 58,9 
Hip Abduction RT 1 23,6 19,4 27,9 8,5 -0,4 0,3 1,1 0,7 35,8 
Hip Rotation LT 1 -9 -15,6 -2,8 12,9 0,5 0,3 0,3 0,7 -143 
Hip Rotation RT 1 -2,7 -10,9 5,6 16,5 0,2 0,3 -0,5 0,7 -619,2 
Knee Flexion LT 1 55,8 46,7 66,5 19,8 0,1 0,3 -0,5 0,7 35,5 
Knee Flexion RT 1 39,9 25,7 48,9 23,1 0 0,3 -0,4 0,7 57,9 
Ankle Dorsiflexion LT 1 0 -8,9 4,1 13,1 -0,6 0,3 0,7 0,7 28314,4
Ankle Dorsiflexion RT 1 -5,8 -23,5 3,9 27,4 -0,1 0,3 -1 0,7 -471,2 
Ankle Inversion LT 1 11,8 1 20,2 19,3 0,2 0,3 -0,9 0,7 163,3 
Ankle Inversion RT 1 17,8 10,2 25,8 15,6 0,8 0,3 0,6 0,7 87,8 
Ankle Abduction LT 1 -12,4 -21,1 -2,6 18,5 -0,5 0,3 1,3 0,7 -149,1 
Ankle Abduction RT 1 -0,2 -6,9 9,7 16,6 -0,8 0,3 0,9 0,7 -10153,4
Lumbar Flexion 2 22,6 14,7 25,1 10,4 -0,3 0,4 -0,9 0,8 45,9 
Lumbar Lateral 2 3,6 1,8 5,1 3,3 -0,5 0,4 -0,4 0,9 92,3 
Lumbar Axial 2 5,3 3,6 7 3,5 -0,9 0,4 0,8 0,9 65 
Thoracic Flexion 2 -10,1 -14,1 -6 8,1 -0,9 0,3 0,5 0,7 -80,6 
Thoracic Lateral 2 10,5 6 18,7 12,7 -0,3 0,4 -0,2 0,9 121,3 
Thoracic Axial 2 8,9 3,9 12,5 8,6 -0,9 0,4 1,2 0,9 96,6 
Elbow Flexion RT 2 55,6 37,8 65,1 27,3 -0,6 0,3 -0,2 0,7 49,1 
Shoulder Flexion RT 2 7,4 -2,3 15,9 18,2 1,2 0,3 3,5 0,7 244,5 
Shoulder Abduction RT 2 25,9 17,4 30,3 13 1,1 0,3 4,7 0,7 50,1 
Shoulder Rotation RT 2 32,5 24,5 39,4 14,9 -0,9 0,3 5,3 0,7 46 
Wrist Extension RT 2 12,7 6,1 21,5 15,4 -0,6 0,3 -0,2 0,7 121,7 
Wrist Radial RT 2 -7,6 -24,9 6,4 31,3 0,2 0,3 -1,3 0,7 -412,7 
Hand Supination RT 2 -12,4 -36,1 14,8 51 1,3 0,3 2,8 0,7 -412 
Hip Flexion LT 2 25 14,7 28,6 13,9 0,8 0,3 1,9 0,7 55,6 
Hip Flexion RT 2 69,7 61 76,9 15,9 -0,1 0,3 -0,8 0,7 22,8 
Hip Abduction LT 2 29,8 21,2 33,8 12,6 -0,1 0,3 -0,8 0,7 42,3 
Hip Abduction RT 2 1,4 -9,2 8,9 18,1 0,2 0,3 -1 0,7 1249 
Hip Rotation LT 2 1,8 -2,3 12,3 14,6 1 0,3 1 0,7 821,6 
Hip Rotation RT 2 -24 -32 -18,9 13,1 0 0,3 -0,5 0,7 -54,7 
Knee Flexion LT 2 61,1 50,5 65,5 15 -0,2 0,3 -0,4 0,7 24,5 
Knee Flexion RT 2 55,1 46 70 24 0,1 0,3 -0,9 0,7 43,6 
Ankle Dorsiflexion LT 2 35,5 25,2 44 18,8 -0,9 0,3 0,4 0,7 52,8 
Ankle Dorsiflexion RT 2 3,1 -6 11,3 17,3 -0,1 0,3 -0,7 0,7 553,8 
Ankle Inversion LT 2 3,1 -5,1 6,5 11,7 0,4 0,3 0,9 0,7 377,1 
Ankle Inversion RT 2 20,1 9 25,6 16,5 0,3 0,3 0 0,7 81,9 
Ankle Abduction LT 2 2 -6,1 8 14,2 -0,6 0,3 0,9 0,7 698 
Ankle Abduction RT 2 1,7 -6,4 9,2 15,5 -1,1 0,3 2,9 0,7 921,1 
Lumbar Flexion 3 15,8 11,7 17,8 6,2 -0,8 0,4 -0,4 0,8 39 
Lumbar Lateral 3 0,3 -2,2 1 3,2 -0,4 0,4 -1,1 0,9 997,1 
Lumbar Axial 3 -2,8 -3,5 -1,2 2,3 1,5 0,4 2,1 0,9 -81,2 
Thoracic Flexion 3 -7,1 -10 -5 5 -0,9 0,3 1,4 0,7 -70,8 
Thoracic Lateral 3 2 -4,4 5,6 10 0,3 0,4 -0,5 0,9 498,1 
Thoracic Axial 3 -2,3 -9 2,5 11,5 -0,2 0,4 -1,2 0,9 -493,8 
Elbow Flexion RT 3 81,2 73,8 94,2 20,4 0,1 0,3 0,3 0,7 25,1 
Shoulder Flexion RT 3 54,3 32,4 66,6 34,2 0,1 0,3 0,1 0,7 62,9 
Shoulder Abduction RT 3 34,7 27,9 49,2 21,3 1,8 0,3 3,7 0,7 61,4 
Shoulder Rotation RT 3 -1,7 -14,7 10,1 24,8 -0,6 0,3 -0,4 0,7 -1430,9 
Wrist Extension RT 3 12,5 -0,2 17 17,3 -1,5 0,3 1,3 0,7 137,9 
Wrist Radial RT 3 -7,9 -18,1 6,5 24,6 1 0,3 0,6 0,7 -311 
Hand Supination RT 3 4,5 -12,9 17 30 0,1 0,3 -1,1 0,7 669,3 
Hip Flexion LT 3 55,4 46,6 61,4 14,8 -1,1 0,3 0,2 0,7 26,6 
Hip Flexion RT 3 36,1 29,2 43,9 14,7 0,3 0,3 -0,9 0,7 40,7 
Hip Abduction LT 3 21,7 17,6 25 7,4 -0,3 0,3 -0,2 0,7 33,9 
Hip Abduction RT 3 21,3 14,4 27,7 13,3 -0,1 0,3 0,3 0,7 62,4 
Hip Rotation LT 3 -16,9 -26,4 -8,7 17,7 -0,1 0,3 -0,6 0,7 -105,1 
Hip Rotation RT 3 -8,8 -16,7 0,6 17,3 0,7 0,3 0,1 0,7 -197,4 
Knee Flexion LT 3 64,5 46,6 70,8 24,2 -1,2 0,3 0,2 0,7 37,5 
Knee Flexion RT 3 62,4 54,2 69 14,8 -1,1 0,3 0,6 0,7 23,7 

RT – right, LT - left 
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Table 1. Continue... 

Variable Instance Median 
Lower 

Quartile
Upper 

Quartile
Inter Quartile

Range 
Skewness

Std.Err. 
Skewness 

Kurtosis 
Std.Err.
Kurtosis

qCV[%]

Ankle Dorsiflexion LT 3 7,7 -2,3 20,4 22,7 -0,9 0,3 3,1 0,7 295,8 
Ankle Dorsiflexion RT 3 18,6 9 25,9 16,9 1 0,3 2,5 0,7 90,7 
Ankle Inversion LT 3 12,4 2,4 23,4 20,9 1,5 0,3 4,4 0,7 168,5 
Ankle Inversion RT 3 15,3 6,8 23,9 17,1 0,1 0,3 -0,1 0,7 111,7 
Ankle Abduction LT 3 1,1 -4,5 15,4 20 0,8 0,3 0,3 0,7 1866,2 
Ankle Abduction RT 3 5,1 -2,6 10,7 13,2 -0,5 0,3 0 0,7 258,6 
Lumbar Flexion 4 20,8 13,5 25,5 12 0,3 0,4 -1,2 0,8 57,4 
Lumbar Lateral 4 4,1 1,3 6,7 5,4 -0,1 0,4 -0,9 0,9 130,5 
Lumbar Axial 4 3,5 1,6 5,7 4,1 -1 0,4 0,8 0,9 117,3 
Thoracic Flexion 4 -13,7 -25 -7,4 17,7 -0,4 0,3 -1,1 0,7 -129,3 
Thoracic Lateral 4 11,8 6,2 15,2 9 0,3 0,4 -0,7 0,9 76 
Thoracic Axial 4 9 4,5 14,1 9,5 0 0,4 -0,8 0,9 106,4 
Elbow Flexion RT 4 35,8 19,3 52,3 32,9 0,4 0,3 -0,9 0,7 91,9 
Shoulder Flexion RT 4 3,6 -11,5 11,2 22,7 0,7 0,3 1,9 0,7 631 
Shoulder Abduction RT 4 38,6 20 42,7 22,6 -1 0,3 -0,3 0,7 58,6 
Shoulder Rotation RT 4 21,1 9,7 36,6 27 0,3 0,3 0,3 0,7 127,5 
Wrist Extension RT 4 15,2 6,2 19,5 13,3 -0,4 0,3 -0,7 0,7 88 
Wrist Radial RT 4 -7 -23,3 7,5 30,9 0,4 0,3 -0,9 0,7 -442 
Hand Supination RT 4 -8 -23,1 23,5 46,6 3,2 0,3 16,3 0,7 -585,7 
Hip Flexion LT 4 0,8 -3,8 9,1 12,9 2,2 0,3 5,7 0,7 1654,7 
Hip Flexion RT 4 71,6 61,4 79,7 18,4 -0,5 0,3 0,5 0,7 25,6 
Hip Abduction LT 4 28,4 21,2 35,3 14,1 -0,1 0,3 -0,7 0,7 49,7 
Hip Abduction RT 4 3,7 -2,9 11,4 14,3 -0,1 0,3 -0,7 0,7 382,3 
Hip Rotation LT 4 11,6 6,9 16,2 9,3 -0,4 0,3 1,6 0,7 79,7 
Hip Rotation RT 4 -15,9 -25,5 -6,2 19,3 0,3 0,3 -0,6 0,7 -121,1 
Knee Flexion LT 4 39,2 32,5 52,1 19,6 -0,2 0,3 -0,2 0,7 50 
Knee Flexion RT 4 61,9 55,1 73,5 18,4 0 0,3 -0,6 0,7 29,7 
Ankle Dorsiflexion LT 4 -1,5 -13,1 17,3 30,5 0 0,3 -0,4 0,7 -1970,6 
Ankle Dorsiflexion RT 4 12,1 0,8 19 18,2 0,9 0,3 2 0,7 149,9 
Ankle Inversion LT 4 14,1 -5,1 23,1 28,1 -0,3 0,3 -0,8 0,7 199,4 
Ankle Inversion RT 4 13,6 0,9 20,8 19,9 0,6 0,3 0,7 0,7 146,2 
Ankle Abduction LT 4 11,8 3,9 17,8 13,9 -0,1 0,3 -0,7 0,7 117,3 
Ankle Abduction RT 4 -2,8 -12 4,7 16,7 -1 0,3 2,2 0,7 -605,2 
Lumbar Flexion 5 15,2 12,5 19,4 6,9 0,1 0,4 -0,1 0,8 45,5 
Lumbar Lateral 5 2,4 -0,2 4,6 4,8 -0,1 0,4 -0,8 0,9 202,9 
Lumbar Axial 5 -4 -5,8 -2,4 3,4 -1,2 0,4 2 0,9 -83 
Thoracic Flexion 5 -12,7 -19,8 -9,1 10,7 -0,5 0,3 -0,5 0,7 -84,1 
Thoracic Lateral 5 0,5 -3,3 4,1 7,4 0,2 0,4 -1,1 0,9 1450,2 
Thoracic Axial 5 0,8 -8,3 3,4 11,7 -0,5 0,4 -0,9 0,9 1531,1 
Elbow Flexion RT 5 59,9 53,3 85,9 32,6 0,2 0,3 -0,4 0,7 54,4 
Shoulder Flexion RT 5 72,7 60,5 89,6 29,1 -1 0,3 1,8 0,7 40 
Shoulder Abduction RT 5 60,8 51,7 89,3 37,6 0,8 0,3 0,2 0,7 61,9 
Shoulder Rotation RT 5 -21,6 -44,9 -3 41,9 -0,3 0,3 -1,1 0,7 -193,8 
Wrist Extension RT 5 8,1 -5,2 14,5 19,7 -1,4 0,3 2,4 0,7 244,4 
Wrist Radial RT 5 -5,3 -10,3 7,6 17,9 1,3 0,3 3,9 0,7 -336,5 
Hand Supination RT 5 9,8 -0,2 26,1 26,4 0,3 0,3 0 0,7 268,9 
Hip Flexion LT 5 61,1 45,2 68,9 23,7 0,2 0,3 -0,8 0,7 38,8 
Hip Flexion RT 5 50,9 39,3 66,6 27,3 -0,4 0,3 1,6 0,7 53,7 
Hip Abduction LT 5 20,7 17,9 25,5 7,6 -1,2 0,3 2,8 0,7 36,8 
Hip Abduction RT 5 16,8 11,9 21,4 9,5 0,9 0,3 0,4 0,7 56,3 
Hip Rotation LT 5 -19 -33,1 -6,9 26,1 0,1 0,3 -0,8 0,7 -137,6 
Hip Rotation RT 5 -14,6 -23 -5,3 17,7 0,1 0,3 2,4 0,7 -120,7 
Knee Flexion LT 5 57,4 40,8 74,3 33,5 0,6 0,3 0,1 0,7 58,5 
Knee Flexion RT 5 58,3 44,2 80,3 36,1 0,1 0,3 -1,2 0,7 61,9 
Ankle Dorsiflexion LT 5 -8,5 -16,5 3,5 20 0,3 0,3 -0,8 0,7 -235,5 
Ankle Dorsiflexion RT 5 18,8 7,9 34,6 26,7 0,7 0,3 0,4 0,7 142,3 
Ankle Inversion LT 5 10,1 -2,2 26 28,1 -0,1 0,3 -0,7 0,7 279,4 
Ankle Inversion RT 5 18 5,7 33,1 27,3 0,3 0,3 -0,8 0,7 151,3 
Ankle Abduction LT 5 4 -3,6 11 14,6 0,3 0,3 0,6 0,7 369,8 
Ankle Abduction RT 5 3,5 -4,9 8 12,9 -1 0,3 1,8 0,7 364,1 

RT – right, LT - left 
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Table 2. Aggregate results descriptive statistics – values of maximal angular velocity (Median, in deg/s) in particular hitting phases. 

Variable Phase Median 
Lower 

Quartile
Upper 

Quartile
Inter Quartile

Range 
Skewness

Std.Err. 
Skewness 

Kurtosis 
Std.Err.
Kurtosis

qCV[%]

Lumbar Axial_Max 0-1 30.5 22.8 43.4 20.7 -0.4 0.4 0.6 0.9 67.7 
Thoracic Flexion_Max 0-1 39.1 25.7 90.0 64.3 1.0 0.4 0.6 0.7 164.3 
Thoracic Lateral_Max 0-1 57.4 36.4 102.1 65.8 0.5 0.4 -0.8 0.9 114.7 
Thoracic Axial_Max 0-1 70.7 51.3 106.0 54.7 1.2 0.4 0.8 0.9 77.3 
Elbow Flexion RT_Max 0-1 142.0 56.4 246.1 189.7 0.3 0.4 -0.9 0.7 133.6 
Shoulder Flexion RT_Max 0-1 388.6 323.3 428.6 105.3 -0.3 0.4 -0.2 0.7 27.1 
Shoulder Abduction RT_Max 0-1 399.8 272.4 754.1 481.7 2.6 0.4 7.9 0.7 120.5 
Shoulder Rotation RT_Max 0-1 638.8 498.9 799.8 300.9 0.6 0.4 -0.7 0.7 47.1 
Wrist Extension RT_Max 0-1 533.8 279.9 884.0 604.1 1.0 0.4 0.9 0.7 113.2 
Wrist Radial RT_Max 0-1 286.3 191.9 421.6 229.8 1.4 0.4 1.3 0.7 80.3 
Hand Supination RT_Max 0-1 1046.2 844.3 1358.1 513.8 0.2 0.4 -0.8 0.7 49.1 
Hip Flexion LT_Max 0-1 113.8 51.7 150.7 99.0 0.4 0.4 0.2 0.7 87.1 
Hip Flexion RT_Max 0-1 134.9 69.6 207.8 138.2 1.2 0.4 1.7 0.7 102.4 
Hip Abduction LT_Max 0-1 80.3 27.8 111.3 83.5 0.1 0.4 -0.9 0.7 104.0 
Hip Abduction RT_Max 0-1 77.8 53.5 106.6 53.0 0.7 0.4 0.7 0.7 68.2 
Hip Rotation LT_Max 0-1 192.4 147.7 228.7 81.0 0.6 0.4 1.0 0.7 42.1 
Hip Rotation RT_Max 0-1 142.5 88.7 182.9 94.3 0.1 0.4 0.2 0.7 66.2 
Knee Flexion LT_Max 0-1 181.4 128.9 268.3 139.4 0.2 0.4 -0.6 0.7 76.8 
Knee Flexion RT_Max 0-1 323.9 173.3 449.2 275.9 -0.2 0.4 -0.7 0.7 85.2 
Ankle Dorsiflexion LT_Max 0-1 100.1 18.5 220.1 201.7 1.1 0.4 0.1 0.7 201.4 
Ankle Dorsiflexion RT_Max 0-1 161.7 57.5 305.1 247.6 0.3 0.4 -0.7 0.7 153.1 
Ankle Inversion LT_Max 0-1 118.0 53.3 210.3 157.0 0.7 0.4 -0.3 0.7 133.1 
Ankle Inversion RT_Max 0-1 95.6 41.8 226.7 184.9 1.2 0.4 0.6 0.7 193.4 
Ankle Abduction LT_Max 0-1 91.8 41.5 239.5 198.0 0.9 0.4 0.0 0.7 215.7 
Ankle Abduction RT_Max 0-1 89.8 36.4 201.4 165.1 1.5 0.4 2.9 0.7 183.7 
Lumbar Axial_Max 2-3 29.6 23.0 44.2 21.2 0.2 0.7 -1.2 1.3 71.5 
Thoracic Flexion_Max 2-3 166.4 104.7 240.6 135.9 0.2 0.5 -1.3 0.9 81.7 
Thoracic Lateral_Max 2-3 97.8 77.2 117.6 40.4 -0.4 0.7 -0.3 1.3 41.3 
Thoracic Axial_Max 2-3 106.9 85.8 126.4 40.7 -0.3 0.7 1.2 1.3 38.1 
Elbow Flexion RT_Max 2-3 311.5 257.6 335.8 78.3 -0.3 0.5 -0.4 0.9 25.1 
Shoulder Flexion RT_Max 2-3 706.0 547.2 1011.3 464.1 1.1 0.5 0.7 0.9 65.7 
Shoulder Abduction RT_Max 2-3 672.5 565.1 987.5 422.4 1.1 0.5 0.9 0.9 62.8 
Shoulder Rotation RT_Max 2-3 233.8 162.6 288.1 125.6 0.0 0.5 0.1 0.9 53.7 
Wrist Extension RT_Max 2-3 107.9 83.2 155.7 72.4 1.0 0.5 1.3 0.9 67.2 
Wrist Radial RT_Max 2-3 135.2 113.2 234.8 121.6 1.7 0.5 2.7 0.9 89.9 
Hand Supination RT_Max 2-3 181.0 149.5 339.7 190.3 0.4 0.5 -1.3 0.9 105.1 
Hip Flexion LT_Max 2-3 409.2 320.1 471.8 151.7 1.2 0.5 1.2 0.9 37.1 
Hip Flexion RT_Max 2-3 152.9 68.3 178.1 109.9 0.1 0.5 -0.9 0.9 71.9 
Hip Abduction LT_Max 2-3 105.5 48.8 150.1 101.3 -0.1 0.5 -1.0 0.9 96.1 
Hip Abduction RT_Max 2-3 211.6 142.8 333.5 190.7 0.5 0.5 -1.3 0.9 90.1 
Hip Rotation LT_Max 2-3 198.2 116.4 273.1 156.7 1.0 0.5 0.9 0.9 79.0 
Hip Rotation RT_Max 2-3 281.5 221.6 333.0 111.4 -0.1 0.5 -0.7 0.9 39.6 
Knee Flexion LT_Max 2-3 526.0 483.6 565.5 81.9 0.9 0.5 0.8 0.9 15.6 
Knee Flexion RT_Max 2-3 235.7 148.9 258.4 109.5 0.9 0.5 0.1 0.9 46.5 
Ankle Dorsiflexion LT_Max 2-3 358.0 270.5 471.1 200.7 -0.4 0.5 -1.0 0.9 56.0 
Ankle Dorsiflexion RT_Max 2-3 230.9 188.7 272.3 83.7 0.7 0.5 0.3 0.9 36.2 
Ankle Inversion LT_Max 2-3 211.4 184.9 248.9 63.9 2.8 0.5 8.8 0.9 30.2 
Ankle Inversion RT_Max 2-3 145.4 91.0 177.8 86.8 1.1 0.5 0.9 0.9 59.7 
Ankle Abduction LT_Max 2-3 221.3 139.4 431.0 291.7 1.2 0.5 0.3 0.9 131.8 
Ankle Abduction RT_Max 2-3 226.5 151.7 272.5 120.7 -0.1 0.5 -0.9 0.9 53.3 
Lumbar Axial_Max 4-5 38.0 28.8 45.6 16.8 0.0 0.7 0.8 1.3 44.3 
Thoracic Flexion_Max 4-5 132.1 110.2 180.8 70.6 0.7 0.5 -0.6 0.9 53.4 
Thoracic Lateral_Max 4-5 91.2 71.1 126.9 55.8 0.2 0.7 -1.6 1.3 61.2 
Thoracic Axial_Max 4-5 43.4 32.0 60.4 28.4 1.8 0.7 4.3 1.3 65.4 
Elbow Flexion RT_Max 4-5 298.9 266.6 368.7 102.1 0.1 0.5 -0.3 0.9 34.2 
Shoulder Flexion RT_Max 4-5 793.1 626.7 1278.9 652.2 1.3 0.5 1.5 0.9 82.2 
Shoulder Abduction RT_Max 4-5 672.2 497.1 868.5 371.4 2.3 0.5 4.2 0.9 55.2 
Shoulder Rotation RT_Max 4-5 254.5 139.0 303.5 164.4 -0.1 0.5 -0.9 0.9 64.6 
Wrist Extension RT_Max 4-5 111.0 74.1 144.9 70.8 0.5 0.5 -0.1 0.9 63.8 
Wrist Radial RT_Max 4-5 205.8 155.0 245.1 90.1 0.9 0.5 1.5 0.9 43.8 
Hand Supination RT_Max 4-5 278.0 152.2 386.2 234.0 -0.2 0.5 -1.1 0.9 84.2 
Hip Flexion LT_Max 4-5 358.9 251.0 400.6 149.6 -0.2 0.5 -0.9 0.9 41.7 
Hip Flexion RT_Max 4-5 122.1 83.1 150.9 67.8 0.2 0.5 -0.3 0.9 55.5 
Hip Abduction LT_Max 4-5 57.5 40.7 92.4 51.7 1.1 0.5 0.8 0.9 89.8 

RT – right, LT - left 
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Table 2. Continue... 

Variable Phase Median 
Lower 

Quartile
Upper 

Quartile
Inter Quartile

Range 
Skewness

Std.Err. 
Skewness 

Kurtosis 
Std.Err.
Kurtosis

qCV[%]

Hip Abduction RT_Max 4-5 190.0 163.5 244.8 81.3 0.8 0.5 0.9 0.9 42.8 
Hip Rotation LT_Max 4-5 181.0 151.7 225.7 74.0 1.0 0.5 0.5 0.9 40.9 
Hip Rotation RT_Max 4-5 210.3 157.1 291.3 134.2 0.2 0.5 -1.0 0.9 63.8 
Knee Flexion LT_Max 4-5 256.9 200.9 366.7 165.8 1.1 0.5 0.0 0.9 64.5 
Knee Flexion RT_Max 4-5 223.4 152.5 337.7 185.2 0.6 0.5 -0.6 0.9 82.9 
Ankle Dorsiflexion LT_Max 4-5 189.7 119.6 260.1 140.5 1.6 0.5 3.5 0.9 74.1 
Ankle Dorsiflexion RT_Max 4-5 318.4 247.3 458.2 210.9 1.2 0.5 0.6 0.9 66.2 
Ankle Inversion LT_Max 4-5 124.0 58.6 156.6 98.0 1.6 0.5 2.6 0.9 79.0 
Ankle Inversion RT_Max 4-5 264.1 193.6 410.5 216.9 0.6 0.5 -0.5 0.9 82.1 
Ankle Abduction LT_Max 4-5 205.9 131.3 254.6 123.2 0.1 0.5 -0.6 0.9 59.9 
Ankle Abduction RT_Max 4-5 240.3 197.2 282.3 85.1 0.2 0.5 -0.4 0.9 35.4 
RT – right, LT - left           

 
Table 3. Aggregate results descriptive statistics – values of maximal linear velocity of the playing hand (Median, in m/s) in 
particular hitting phases. 

Variable Phase Median 
Lower 

Quartile 
Upper 

Quartile
Inter Quartile

Range 
Skewness

Std.Err. 
Skewness

Kurtosis 
Std.Err.
Kurtosis

qCV[%]

RHx_Max 0-1 6.5 5.1 8.6 3.5 0.3 0.4 -0.7 0.7 54.1 
RHy_Max 0-1 6.6 5.9 8.0 2.0 0.0 0.4 0.0 0.7 30.3 
RHz_Max 0-1 4.6 3.8 6.6 2.8 1.0 0.4 0.2 0.7 60.3 
RH_Max 0-1 7.6 6.3 9.7 3.4 1.1 0.4 0.6 0.7 44.3 
RHx_Max 2-3 9.0 7.6 9.5 1.9 -0.5 0.5 -0.9 0.9 21.2 
RHy_Max 2-3 9.0 7.6 10.9 3.4 0.2 0.5 -1.5 0.9 37.2 
RHz_Max 2-3 6.2 5.2 6.9 1.7 -0.5 0.5 -0.5 0.9 27.5 
RH_Max 2-3 5.4 4.5 6.0 1.6 -0.4 0.5 -0.7 0.9 28.7 
RHx_Max 4-5 6.6 5.4 8.3 2.9 0.1 0.5 -1.3 0.9 44.5 
RHy_Max 4-5 10.2 9.7 10.6 0.9 -1.5 0.5 3.8 0.9 9.3 
RHz_Max 4-5 5.8 5.1 6.7 1.6 -0.7 0.5 0.9 0.9 27.9 
RH_Max 4-5 5.5 4.4 6.2 1.7 -0.5 0.5 -0.1 0.9 31.4 

RHx – forward component of velocity, RHy – upward component of velocity, RHz - sideways component of velocity, RH – resultant velocity. 
 
The last stroke of the cycle is a topspin forehand from the 
forehand (fh) corner (Ffh). In the joints of the ankle, knees, 
and hips at the onset of the stroke, one notices a similar 
alignment to that of Fbh, with the difference seen in less 
external rotation in the hips in the case of Ffh (Figure 3, 4, 
Table 1). The player rotates the hips to approx. 15 degrees 
for alignment. For Ffh players, position the torso similarly 
to Fbh, with slightly less external rotation. The playing 
limb is placed along the torso, in slight (20 degrees) adduc-
tion and external rotation, with approx. 30-degree flexion 
at the elbow joint and an almost intermediate position at 
the wrist joint, with slight extension and elbow flexion, 5-
10 degrees (Figure 2, Table 1). In the hitting phase of Ffh, 
slight flexion is observed in the ankle joints, slight flexion 
in the left knee joint and extension in the right, an extension 
in the right hip joint, and considerable flexion and rotation 
in the left hip joint (60 degrees and 30 degrees, respec-
tively), with angular velocities of maximum: ankles - left 
(L) -14 deg/s, right (R) - 40 deg/s; knee joints - in both ca. 
70 deg/s; hip flexion - L - 65 deg/s, R - 56 deg/s. Slight 
extension, left flexion, and left rotation can be observed in 
the trunk (Figure 5). The magnitudes of the maximum an-
gular velocity reach several deg/s in these movements (Ta-
ble 2). 

The movements of the playing limb in the hitting 
phase of the Ffh are flexion at the right shoulder joint 
(range approx. 80 degrees, angular velocity max - approx. 
97 deg/s), abduction (20-30 degrees, max velocity - 61 
deg/s), and internal rotation at this joint (average 40 de-
grees, velocity - 33); flexion at the right elbow joint (30-40 

degrees, max velocity - approx. 70 deg/s). In the wrist joint 
in the described phase, approx. Ten degrees of flexion and 
hand supination, with maximum angular velocities of 14 
and 32, respectively, were observed (Figure 2, Table 1, Ta-
ble 2). 

The average maximum resultant linear velocity of 
the playing hand in this stroke (median) is 5.5 m/s (Table 
3). Higher values were recorded for the upward and for-
ward components. 

The Ffh stroke is combined with the B stroke. In the 
transition to this stroke, the players take a step to the left, 
positioning themselves similarly to the Ffh position as far 
as the angles of the lower limb joints are concerned, mak-
ing a slight movement in the direction of placing the torso 
at 0 degrees and reducing its rotation to the left. Players 
prepare the playing limb for the next stroke by extension, 
adduction, and rotation at the shoulder joint. At the elbow 
joint, the playing limb remains in flexion (approx. 60 de-
grees); it is flexed at the wrist joint in the range of 40 de-
grees, towards the elbow (movement opposite to radial 
flexion) in the range of approx. 20-30 degrees, and the hand 
is supinated to approx. 40 degrees. In the setting described 
above, the player is prepared for stroke B. 
 
Assessment of inter-individual variability 
The values of quartile deviation and quartile coefficient of 
variation (qCV) can be seen in Tables 1, 2, and 3. The tre-
mendous values of qCV (from tens to hundreds of %) in 
torso positioning in individual events are noteworthy. 
However, the values of quarter deviations are a few to     
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several degrees (Table 1). The most significant values are 
seen in lateral flexion and trunk flexion, especially at the 
end of B and the beginning and end of Fbh. Small values 
are noted for both parameters in the alignment (angles) of 
the hip joints in each event, but this does not apply to the 
alignment in rotation in both hip joints. The position of ab-
duction in the right hip joint and flexion in the left in the 
Ffh onset event is also highly variable, although it should 
be remembered that the value of the angles is low in these 
cases. High qCV values (often reaching several hundred 
per cent) and several degrees of quarter deviation were 
noted in the settings at the ankle joints in each event (Table 
1). 

Knee joint alignment in individual events is charac-
terised by several degrees of variation and often a variation 
of less than 40% (qCV values). This does not apply to the 
last event in the cycle, in which the coefficient of variation 
in the alignment of the knee joints reaches 50-60%, and the 
variation is more than 30 degrees (Table 1). 

The right shoulder joint alignment is characterised 
by relatively low variation estimated from qCV (except for 
rotation at the end of B - 145%, the end of Fbh and the 
beginning and the end of Ffh, and extension at the begin-
ning of Fbh and Ffh) and deviations of a dozen or more 
degrees (Table 1). 

Alignment in the right elbow joint corresponds to a 
small variation in individual events; the quarter deviation 
is usually 20-30 degrees, and qCV is a few tens of per cent, 
from 20 to 90%. 

The alignment of the right wrist joint in radial flex-
ion movement is characterised by wide variation, as evi-
denced by values of quarter deviation often above 20 de-
grees and qCV values of several hundred per cent (Table 
1). 

Extension of the right wrist joint in individual 
events is characterised by slightly less variation than radial 
flexion. However, qCV values vary in the 70-140% range, 
except in the last event, where more than 300% was rec-
orded (Table 1). 

Right-hand movements are values of several de-
grees of deviation and several hundred per cent qCV in 
most events (Table 1). 

The study also evaluated the variation in the values 
of maximum angular velocities in the hitting (forward) 
phase. During this phase, high values of angular velocity 
variation, from 60 to 130%, can be observed in the trunk 
movements during the B stroke, even higher in the ankle 
joints. In the knee and hip joints, as well as the right shoul-
der and elbow, the variation is smaller, reaching several 
tens of per cent (except for abduction in the shoulder - 
120%) - Table 2. The Fbh and Ffh hitting phases are char-
acterised by less variation in maximum angular velocities 
than B, there are more values up to tens of per cent. 

The values of linear velocities of the playing hand 
show little and average variation among the study group 
(Table 3). 
 
Discussion 
 
The purpose of this study was to evaluate kinematic values 
of topspin stroke sequences (a so-called complex             

technique, which reflects real game situations more than 
individual shots) - angles and angular velocities at the 
joints in specific events, the maximum angular velocity at 
these joints, the maximum linear velocity of the playing 
hand in the hitting phase, and to assess the level of varia-
bility in the measured kinematic values. The aim of the 
study was also to assess the differentiation of these kine-
matics. 
 
Observation and analysis of the stroke technique 
During the tests performed, the strokes presented by the 
players were performed at a high pace, with a small time 
interval between each ball, according to the rhythm im-
posed by the robot. As a result, the execution of strokes 
took place in time-scarce conditions, thus forcing players 
to play fast, "at the table." In addition, the players demon-
strated compound technique, a combination of three differ-
ent strokes using adequate footwork. This was supposed to 
bring the experiment closer to real-game situations than the 
evaluation of individual shots. Analysing the changes in 
angles in successive events in the various body segments 
made it possible to evaluate the technique of executing in-
dividual strokes. The evaluation of sports technique in this 
study confirms some data indicated in the literature for sin-
gle strokes (topspin forehand, topspin backhand (Bańkosz 
and Winiarski, 2017; 2018; Iino et al., 2008; Iino and 
Kojima 2009; 2011; He et al., 2021, Qian et al., 2016). 
What draws attention is the coordination of striking move-
ments, in which multiple body segments are used – from 
the ankle joints (feet) to the hand of the playing limb in 
each stroke. Important movements in the coordinated kin-
ematic chains demonstrated in the present study include 
stroke-specific movements. During B in the hitting phase, 
it includes extension at the knee and hip joints, abduction 
and external rotation at the shoulder joint, extension at the 
elbow joint, radial flexion and extension at the wrist joint, 
and supination of the hand. During the hitting phase of Fbh, 
the specific movements are right knee joint extension, hip 
joint abduction (mainly right, which positions the player 
more laterally relative to the table), left trunk rotation, 
shoulder joint flexion, and elbow joint flexion. The hitting 
phase of Ffh-specific movements is flexion at the left knee 
and left hip joint and increased abduction at the right hip 
joint (which illustrates the shift of the centre of gravity to 
the left leg and facilitates the execution of the movement 
with the right leg to initiate the movement with a step back 
and forth to the left), rotation of the trunk to the left, flex-
ion, abduction and internal rotation at the right shoulder 
joint and flexion at the elbow joint. What seems peculiar is 
that the ranges of stroke movements performed in many 
cases are smaller than the analogous ranges reported in the 
literature for single strokes, presumably performed with 
great force. For example, in a previous study, Bańkosz and 
Winiarski (2018) report that the range of motion of trunk 
rotation in the hitting phase of topspin forehand is more 
than 130 degrees, flexion-extension at the knee joints are 
ranges of more than 40 degrees, flexion at the shoulder 
joint - more than 100 degrees, flexion at the elbow joint - 
approx. 70 degrees. In the present study, in analogous 
strokes, these values are trunk rotation in a range of several 
tens of degrees, in the knee joints - 10-20 degrees, in the 
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shoulder joint - only at Ffh - approx. 70 degrees at the el-
bow joint - approx. 40 degrees. It is likely that in the pre-
sent study, the players, given less time and faced with the 
need to complete the task quickly, reduced their range of 
motion, thereby probably generating slightly less force but 
maintaining the pace of play. This observation is an im-
portant tip for coaches and players on how to play fast and 
close to the table. This information can help coaches and 
players work on optimal movement, velocity, and power 
adjustments during fast play close to the table. Reducing 
the range of movement and the power generated are the 
most important elements of fast play in situations when 
there is not enough time and it is necessary to combine 
strokes. 
 
Observation and analysis of the footwork technique 
Also specific to the conditions of the tests performed (high 
velocity of combining strokes) are some movements from 
the range of footwork that facilitate the linking of strokes; 
for example, at the end of B (event 1), a flexion in the left 
knee joint, enabling a faster transition (presumably the ex-
ecution of a pivot) to Fbh, followed by a greater flexion at 
the hip joints and a rotation of the trunk to the right at Fbh 
(event 2), facilitating the execution of this stroke. The large 
and pronounced shift of body weight to the left leg at the 
end of the Ffh (event 5) also allows a faster transition to the 
left step. This alignment in the joints of the lower limbs, 
which is primarily conducive to fast movement and not 
necessarily to generate maximum force (which requires a 
stable position), is an important element that should be rec-
ognised by coaches and players when perfecting the fast 
game. In addition, the presented method of footwork may 
indicate a certain table tennis technique model in which the 
player adapts movement to the conditions of fast play. 
 
Analysis of body segments' velocities 
The study evaluated and determined the values of maxi-
mum angular velocity in the hitting phase in the studied 
joints and movements. Of note are the very high values of 
this velocity in the arm's external rotation motion during a 
B-stroke. This may be a confirmation of the observations 
available in the literature, emphasising the importance of 
this movement for the velocity of the racket in this stroke 
(Iino et al., 2008; Bańkosz and Winiarski, 2021; Bańkosz 
et al., 2020). Large values in this joint also apply to the 
flexion movement of the arm. Maximum angular velocities 
also reach high values in movements at the wrist joint: ra-
dial flexion, palm extension, and supination (in this move-
ment, the angular velocity value is the highest) or rotation 
at the hip joints. These are probably the most important 
components of stroke movement during topspin bh. The 
maximum linear velocity of the hand (resultant) in this 
stroke reaches a value of nearly 8 m/s. This appears to be 
of low value compared to literature data on topspin bh 
(Bańkosz and Winiarski, 2017; Iino et al., 2008; Xia et al., 
2020). The reason may be, as mentioned earlier, the timing 
conditions of the task performed by the players in this 
study, typical of a fast-paced, close-to-the-table game. 

In the Fbh hitting phase, the highest angular veloc-
ity values were found for movements at the shoulder joint, 
but the values were not as high as for B. Perhaps this is 

related to the inverted position and the need to travel some 
distance to assume the playing position. Similarly, the 
small value of the maximum linear velocity of the playing 
hand in the striking motion lower than at B and lower than 
indicated in the literature can be interpreted (Zhang and 
Shi, 2000). The duration of the hitting phase specified in 
the paper is also shorter than that reported by researchers 
in the literature (Zhang et al., 2016). The values for ranges 
of motion and angular velocities in the Ffh stroke are also 
slightly lower than for the two previously discussed 
strokes. The linear velocity of the racket and the duration 
of the forward phase in this stroke have a similar value to 
the Fbh stroke. This confirms previous observations and 
some literature data about adapting techniques to fast game 
conditions and using shorter movements (Malagoli Lan-
zoni et al., 2021) while generating less force. Used close to 
the table, the fast strokes thus have the character of strokes 
that "borrow" energy from the opponent (Chinese: "jièlì"). 
This is another important piece of information, like the 
ones mentioned above, that can help coaches and players 
as they work on adjusting the power and other parameters 
of their strokes in the game. 
 
Analysis of the movement variability 
The quartile index of variation was used as a measure of 
movement variability (Bonett, 2006; Botta-Dukát, 2023; 
Kornfeind et al., 2015; Reed et al., 2002). Analysing the 
variation in the alignment of individual body segments at 
the joints in each event, the very high coefficient of varia-
tion values for the trunk and ankle joints are noteworthy. 
The lower values apply to the knee, hip, right shoulder (out 
of rotation position), and elbow joints. Arguably, settings 
with less variation in the group indicate elements in the 
technique that are more constant and repeatable. It can also 
be noted that in situations of high dynamics, such as reach-
ing Ffh, the variation in hand positioning is greater than in 
other events, indicating greater individual differences be-
tween players. Understanding this can help to provide more 
player-specific table tennis training. 

Despite the large variation in the alignment of body 
segments at different joints in individual events, character-
istic features are smaller variations in the maximum values 
of angular velocities and small variations in maximum lin-
ear velocities in the hitting phase in individual strokes. As 
indicated in the literature, the moment of occurrence of the 
maximum linear velocity of the hand is the moment of 
close contact between the racket and the ball (Bańkosz and 
Winiarski, 2017; Fritsch et al., 2022). This moment appears 
crucial in a given stroke's entire kinematic chain. The re-
sults obtained in the present study indicate that the large 
variation in alignment at the joints corresponds to a smaller 
variation in the maximum angular velocities achieved and 
a small variation in the maximum linear velocities of the 
playing hand. Thus, despite the large variation in the align-
ment of body segments at different joints in individual 
events, the characteristic features are smaller variations in 
the maximum values of angular velocities and small values 
of variation in the maximum linear velocities in the hitting 
phase in individual strokes (at the most important moment, 
which is the moment of stroke). Thus, one may be tempted 
to conclude that in the strokes performed in the series, the 
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players used different execution patterns (different angles 
– settings in the joints), although the effect – in the form of 
the maximum velocity of the last member of the kinematic 
chain – was very similar. This may be a confirmation of 
previous observations (Bańkosz and Winiarski, 2020) and 
can be considered a manifestation of the phenomenon 
called functional movement variability (Cowin et al., 2022; 
Stergiou and Decker, 2011; Preatoni et al., 2012). It should 
be remembered that this differentiation may also result 
from the different body heights of the players, different 
limb lengths, body proportions, etc. It boils down to the 
fact that the task requirements in this research (dynamics, 
velocity, scarcity of time), like match situations, cause 
players to adjust their movements and use different move-
ment patterns but achieve similar results. These highlight 
the importance of the individualisation process in table ten-
nis. This individualisation may involve training the player 
in natural and typical game situations, selecting different 
opponents and sparring partners, considering the player’s 
current capabilities, etc. By remembering the principle of 
individualisation, trainers can conduct an optimal and ac-
curate training process. 
 
Limitations 
A limitation of the work that needs to be acknowledged 
may be that the players studied, although they are the na-
tional elite of table tennis players, are not among the 
world's top players. Therefore, the observations made 
would have to be confirmed by conducting similar tests on 
maximum sporting-level players. A similar limitation may 
result from the fact that the players come from only one 
country, so they do not represent a cross-section of many 
training systems. The research also involved a task per-
formed under relatively constant and repeatable conditions. 
In addition, the work did not evaluate the real game but an 
exercise reflecting its conditions - a series of specific hits. 
Perhaps tests under different, variable, and unexpected 
playing conditions would yield different conclusions. One 
should also consider the limitations of the coefficient of 
variation used to assess kinematic variation, as indicated in 
the literature (Reed et al., 2003). 
 
Conclusion 
 
The research carried out in the study made it possible to 
determine the kinematics of the combination of strokes in 
table tennis, which reflect real game situations more than 
individual shots. The most important elements of coordi-
nation of movements during the tasks performed, that is, 
the combination of three different topspin strokes, were in-
dicated. The study found that players make strokes during 
a series of plays at high velocity, reducing the ranges of 
motion in specific body segments. This makes it likely that 
they are not playing at maximum strength. In addition, the 
characteristics of the footwork indicate that the players are 
looking to execute the stroke as quickly as possible and 
move on to the next move, coordinating striking move-
ments with footwork in a slightly different way than in sin-
gle strokes. This seems to be a very important note to the 
coaches and players. 

In the strokes performed in the series, the players 
used different, variable execution patterns (different angles 
- settings in the joints), although the effect - in the form of 
the maximum velocity of the playing hand - was very sim-
ilar. This can be considered a manifestation of a phenome-
non called functional movement variability, which means 
that athletes adjust their movements using different move-
ment patterns but achieve similar results in terms of maxi-
mum linear hand speed.  This highlights the importance of 
the individualisation process in table tennis. 
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Key points 
 
 The research carried out in this work allowed to de-

termine the kinematics of combination strokes - a 
combination of three different topspin strokes 

 The most important elements of coordination of 
movements during the tasks performed, that is, the 
combination of three different topspin strokes, are in-
dicated. 

 The study found that players make strokes during a 
series of plays at high velocity, reducing the ranges of 
motion in specific body segments. 

 In the strokes performed in the series, the players used 
different execution patterns (different angles – set-
tings in the joints), although the effect – in the form 
of the maximum velocity of the playing hand – was 
very similar. This can be considered a manifestation 
of a phenomenon called "functional movement varia-
bility," which means that athletes adjust their move-
ments, using different movement patterns, but achieve 
similar results in terms of maximum linear hand 
speed. 
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