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Abstract

The serve is an essential part of every scoring opportunity in crossminton, and its execution is critical for
determining match outcomes. This study aimed to identify variances in angular displacement within the upper
body during the crossminton serve, specifically when directed towards three different sections of the opponent’s
field. To conduct a thorough kinematic analysis, we directed four elite crossminton players from the Slovak
national team to execute serves to target three designated zones in the opponent’s field. Angular parameters at
selected joints of the dominant upper limb and pelvic region were accurately measured at four critical time
points: the ready position, backswing, forward swing and follow-through. The recorded data were systematically
compared across the three target zones using the myoMotion system. We observed significantly different
parameters, predominantly during the crucial point of contact between the speeder and the racket, notably within
the forward swing phase. Serves directed into zone C required more pronounced shoulder extension but required
reduced wrist radial deviation during the backswing phase. Conversely, serves into zone A demanded the utmost
shoulder flexion, total shoulder flexion, shoulder abduction and wrist extension. Interestingly, this resulted in the
lowest shoulder internal rotation precisely at the moment of speeder impact during the forward swing phase. In
the follow-through phase, serving into zone C required maximum elbow and shoulder flexion. Intriguingly, these
serves required the least pelvic obliquity and rotation. These findings underscore that each serve is performed
differently, especially during the pivotal moments of the serve. This information is important for coaches and
players to anticipate the opponent’s serve.
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Introduction

Crossminton could be described as a combination of tennis, badminton and squash. It is a racket sport
played by two or four players on two square fields (5.5 x 5.5 m) 12.8 m apart with no net across the middle. The
original name of this sport was speed badminton. In recent years, the number of crossminton players has
increased, and people of all physical conditions are now practising this sport. Among the basic strokes in
crossminton, we consider serve, forehand drive, backhand drive, forehand volley, backhand volley and overhead
hit (clear, smash) (Kacir & Lukacova 2021; International Speed Badminton Organisation, 2013). Currently,
players often play high-speed groundstrokes to overpower their opponent, which may be responsible for them
being hit from an open stance.

The most important stroke in crossminton is the serve because, with a good serve, the player can pressure
the opponent or win a point directly from the serve (ace). The serve represents the start of every score in
crossminton, and its technique plays an important role. A strong and well-placed serve is the first step toward the
offensive (Whiteside et al., 2014). Elite players use their serve to take the initiative over the game by hitting
strategically, precisely (well-placed court locations) and powerfully. In match tactics, the serve into the
opponent’s backhand represents 80% of total serves, 15% into the opponent’s backhand and only 5% into the
opponent’s forehand. In tennis, the success level is determined by the mechanical efficiency of the stroke (Elliott
et al., 2003). The main goal of a serve is to use power, swing and placement to create a crossminton weapon
(Rive & Williams, 2011). Furthermore, an excellent serve requires accuracy, strength, speed and good technique
(Chiang et al., 2007). One key factor for a successful serve is the post-impact speeder velocity, which depends
considerably on the racket velocity (Landlinger et al., 2010). Increased upper and lower joint angles and angular
velocities positively correlate with racket velocity (Seeley et al., 2011). Trunk rotation, horizontal shoulder
adduction and internal rotation are the main parts of the kinetic chain that create racket velocity (Roetert et al.,
2009).

Biomechanics plays an important role in phase analysis, the most common biomechanical method used in
different sports because it can represent different motions as a sequence of phases (Kleshnev, 2007). The serve in
crossminton is divided into three phases: the preparation phase (the backswing phase), the acceleration phase
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(the forward swing phase) and the follow-through phase. The racket is placed backwards, and upper limb
muscles are stretched in the preparation phase. In this phase, the potential energy is stored that can be utilised as
kinetic energy in the acceleration phase (Kovacs & Ellenbecker, 2011; Elliott, Takahashi & Noffal, 1997). The
first forward motion of the racket starts the acceleration phase, which ends with the impact between the racket
and speeder. The follow-through phase lasts from the impact between the racket and speeder to the completion
of the stroke. The serve allows the player to transfer their body weight forward toward the speeder (Genevois et
al., 2018). When the movement is performed correctly and optimally, in the biomechanical sense, the serve is
efficient (Cauraugh, Gabert & White, 1990). The most demanding stroke in crossminton is serving using
supraphysiologic forces through the shoulder and elbow (Elliott et al., 2003). Serving represents the open kinetic
chain that begins at the feet and knees and continues to the core and trunk, the shoulder and elbow and up to the
wrist and racquet (Eygendaal, Rahussen & Diercks, 2007).

While individual strokes in tennis, badminton and squash have been the subject of many studies, research
on the analysis of crossminton strokes has yet to be performed. In squash, few authors performed a kinematic
analysis of the forehand stroke (Williams, Sanders, Ryu, Graham-Smith, Sinclair 2020; Lee, Lee, 2007; Lee,
2007) and the backhand stroke (Kim, Min, Subramaniyam 2018; Kim, Kim 2010; Cho, Kim, 2007; An, Ryu,
Ryu, Soo, Lim, 2007). Various researchers have studied the difference between backhand and forehand smashes
in badminton (Rusdiana et al., 2021; Shan et al., 2015), differences in backhand overhead strokes (Huang et al.,
2002) and differences in forehand serves (Singh & Mishra, 2021). In tennis, kinetic studies of the serve (Amir,
Saifuddin 2018; Bingul et al., 2016; Sheets et al., 2011; Martin et al., 2012; Abrams et al., 2014) and the
different types of groundstrokes (Busuttil et al., 2022; Martin et al. 2020; Landlinger et al., 2010; Cabral 2017,
Kawamoto et al., 2019; Genevois et al., 2018; Pedro et al. 2022; Bahamonde & Knudson, 2003) have been
explored the most. Ward found differences in changing parameters, such as the maximum values of relevant
joint angles, of the different strokes in tennis. However, the differences in the analysed parameters based on the
direction of the ball were minimal (Ward, Williams & Bennett, 2002).

Given our limited understanding of the upper body kinematics during the crossminton serve, this study
aimed to identify variances in angular displacement within the upper body during the crossminton serve,
specifically when directed towards three distinct sections of the opponent’s field.

Materials and Methods
Participants

Four crossminton players from the Slovak national team volunteered for this study (Table 1). Two male and
two female athletes represented the Slovak Republic in national and international tournaments in Women's
Singles and Juniors under 18 categories. They are members of the crossminton clubs SbK Lipany and TJ Slavia
PU Presov, Slovakia. All participants were in the top five positions in the ICO Crossminton World Rankings in
their categories (2022 season). The average height of the players was 169.1 cm, and the average weight was 63.8
kg. The average age of the players was 19 years, and the average training experience was 15 years. The players
trained for 6 h in crossminton per week. All participants were right-handed and reported no serious injuries for at
least 12 months before the experiment. The study was conducted according to the guidelines in the Declaration
of Helsinki, and all athletes agreed and signed an informed consent form.

Table 1. Study subject characteristics

Training experience

Initials Gender Height [cm] Weight [kg] Age [years] [years]
T.L. female 159.5 51.2 25 12
K.D. female 165 58.4 19 8
V.K. male 184 70.7 17 5
J.S. male 168 75 16 5

Experimental procedure

The experiment was conducted on a crossminton court. After a general and specific warm-up for 15 min,
the participants performed crossminton serves to the target zones. Participants hit the shuttlecock called a
speeder (Speedminton Match Speeder”, Speedminton Sporting Goods Corp., Germany) using a serve during the
warm-up and experiment. The subjects used their own rackets to enable optimal conditions. The serve was
selected because it is the most important stroke in crossminton, and the three most common zones where the
speeder was aimed were chosen. The participants were instructed to perform eight consecutive serves to one
target zone of the opponent’s field with maximal effort, as they would in a formal match. The first serve was
served to zone A, representing the opponent’s backhand of a right-handed player. The second serve was to zone
B, representing the opponent’s forehand of the right-handed player. The third serve was to zone C, representing a
tall serve into the back part of the court. These zones were chosen because when players hit the speeder into
these zones, they can pressure the opponent or win a point directly from the serve (ace). The experiment was
conducted at The University Athletics Centre (Rzeszow) on a crossminton court (Fig. 1). The experiment
included the three target zones. The serves that hit the target zone were used for the analysis.
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Figure 1. Target zones in the crossminton court

In the crossminton serve, there are four critical time points. The starting position of the serve determines
the first point (P;). The second point (P;) is defined by the subject dropping the speeder from the arm (the
backswing phase). The third point (P3) is defined by the moment of contact between the speeder and the racket
(the forward swing phase). The fourth point (P4) is determined by the position of the subject’s racquet when it
stops moving, and the head of the racket is in the highest position in the follow-through phase (Fig. 2).

b d

Figure 2. Time points of a crossminton serve — the first point (starting position of the serve) (a), the second point
(the backswing phase) (b), the third point (the forward swing phase) (c), the fourth point (the follow-through
phase) (d)

Kinematic analysis

The kinematic parameters of the crossminton serve were collected using inertial sensors. Ultium motion
and MyoResearch 3 software (Noraxon, USA) were used. The system consisted of 13 IMU sensors (Fig. 3). The
measured anatomical movements of the body segments during crossminton serve included elbow flexion,
shoulder total flexion/flexion/abduction/external rotation, wrist extension/radial deviation/supination, hip
flexion/abduction/external rotation, ankle dorsiflexion/inversion/abduction, pelvic tilt/obliquity/rotation, and foot
pitch down/roll med/external rotation. The system was calibrated before the measurement. One high-speed
camera (Ninox 300C) was placed on the right front side of the subject with 5-m spacing from the athlete. The
data generated by the motion capture system were processed using the MyoResearch software. The variables
calculated and analysed included the range of motion of selected joints.

Figure 3. Placement of inertial sensors on the athlete

Statistical analysis

Data were analysed using TIBCO Statistica” (version 13.5.), and the statistical significance level was set to
0.05. The Shapiro—Wilk test was used to verify the normal distribution of variables. The Kruskal-Wallis test and
multiple comparisons of p-values were performed to determine the differences between the angular values of
serves into the three zones.
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Results

All parameters measured in this study are presented in Tables 2—-5. Table 2 shows median and significance
value data for the starting position, which is the first point of serve into zones A, B and C. The angle of wrist
radial deviation between the serve into zone A (42.05°) and the serve into zone B (35.94°) showed a significant
difference (p = 0.01). In the starting position, the greatest elbow flexion, shoulder external rotation, wrist radial
deviation and pelvic obliquity for the serve into zone A were observed compared to serve to other zones. In
contrast, the greatest shoulder flexion, wrist extension, pelvic tilt and rotation for the serve into zone B were
observed compared to serve to other zones.

Table 2. Median and significance values of the kinematic parameters of the first point of serve into zones A (N =
26), B(N=27)and C (N =31)

Right side
Variables A B c p p*t e e
Elbow Flexion 74.9 71.91 70.62 0.879 1.00 1.00 1.00
Shoulder Total Flexion 21.13 2402 26.17 0.787 1.00 1.00 1.00
Shoulder Flexion -8.74 -7.35 —925 0.438 1.00 0.85 0.79
Shoulder Abduction 20.54 21.49 25.57 0.967 1.00 1.00 1.00
Shoulder External Rotation -20.21 —21.49 -20.36 0.640 1.00 1.00 1.00
Wrist Extension 20.64 32.73 29.01 0.604 1.00 1.00 1.00
Wrist Radial Deviation 42.05 35.94 38.19 0.005* 0.01%* 0.99 0.07
Wrist Supination 87.48 84.06 87.77 0.946 1.00 1.00 1.00
Pelvic Tilt 0.15 1.66 0.30 0.296 0.62 0.45 1.00
Pelvic Obliquity 0.24 —0.48 -258 0.195 1.00 0.56 0.26
Pelvic Rotation -0.32 0.33 -0.05 0.596 1.00 1.00 0.94

Abbreviations: A- serve into zone A; B- serve into zone B, C- serve into zone C; p- value from the
Kruskal-Wallis test; *- statistical significance

Table 3 shows the median and significance value data for the backswing, which is the second point of serve
into zones A, B and C. Table 3 shows that for the shoulder joint movement when swinging backwards, there was
a significant difference (p = 0.01) when the shoulder angle moved straight anteriorly (shoulder flexion) at 8.32°
for the serve into zone B. In contrast, for the serve into zone C, the motion of the shoulder joint was —34.34°
with a difference of 42.66°. A significant difference (p = 0.01) in the same movement was found between the
serve into zone A (6.42°) and the serve into zone C (-34.34°) with a difference of 40.76°. The next movement
involved making a backward shoulder rotation (shoulder external rotation) to quickly reach the angles of —19.56°
(serve into zone A), —18.64° (serve into zone B) and 0.62° (serve into zone C), as shown in Figure 2. During the
wrist radial deviation, a significant difference (p = 0.01) was shown between the serves into zones A and C.
Furthermore, in the backswing phase for the pelvic tilt, there was a significant difference (p = 0.05) between the
serve into zone B (11.05°) and the serve into zone C (4.97°).

Table 3. Median and significance values of kinematic parameters of the second point of serve into zones A (N =
26), B (N =27) and C (N = 31)

Right side
Variables A B C P pE poe pe
Elbow Flexion 73 72.33 67.69 0.990 1.00 1.00 1.00
Shoulder Total Flexion 47.76 49.21 53.2 0.340 1.00 0.90 0.48
Shoulder Flexion 6.43 8.32 —34.34 0.000* 1.00 0.01%* 0.01*
Shoulder Abduction 44 44.77 46.77 0.544 1.00 1.00 0.87
Shoulder External Rotation -19.56 —18.64 0.62 0.001* 1.00 0.01* 0.01*
Wrist Extension 16.80 21.61 -2.21 0.300 1.00 0.45 0.71
Wrist Radial Deviation 383 36.06 29.24 0.001* 0.32 0.11 0.01*
Wrist Supination 117.38  118.2 118.81 0.285 1.00 1.00 0.34
Pelvic Tilt 5.96 11.05 497 0.053 1.00 0.05%* 0.49
Pelvic Obliquity -2.5 2.17 -3.6 0.351 1.00 0.51 0.90
Pelvic Rotation 5.06 5.02 4.62 0.747 1.00 1.00 1.00

Abbreviations: A- serve into zone A; B- serve into zone B; C- serve into zone C; p- value from the Kruskal—
Wallis test; *- statistical significance
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In the third point of serve, the player impacted the speeder, there were no significant differences between
the serve into zone A, serve into zone B and serve into zone C in elbow flexion, shoulder external rotation or
wrist radial deviation. Greater values of flexion (ca. 6°), total flexion (ca. 4°) and abduction (ca. 8°) were
observed in the shoulder joint with serve into zone B compared with the serve into zone C. Moreover, greater
values of shoulder flexion (ca. 21°), shoulder total flexion (ca. 19°) and shoulder abduction (ca. 14°) were
observed with the serve into zone A compared with the serve into zone C. There were also some differences
between the serves into zone B and C in the wrist (extension greater with the serve into zone B at ca. 11°;
supination greater with the serve into zone C at ca. 54°) and the pelvis (with the serve into zone B, the tilt was
greater at ca. 8°; with the serve into zone C, rotation was greater at ca. 3°).

Table 4. Median and significance values of the kinematic parameters of the third point of serve into zones A (N
=26), B(N=27)and C (N =31)

Right side
Variable 4 B c ) e P e
Elbow Flexion 4.69 6.79 15.62 0.616 1.00 1.00 1.00
Shoulder Total Flexion 40.58 2571 21.78 0.001* 1.00 0.01* 0.01*
Shoulder Flexion 31.55 17.05 1091 0.002* 1.00 0.01%* 0.01*
Shoulder Abduction 27.17 2126 13.44 0.001* 1.00 0.01%* 0.01*
Shoulder External Rotation 20.88 —-22.57 —35.67 0.063 0.38 1.00 0.06
Wrist Extension 13.57 9.37 -1.38 0.006* 1.00 0.01%* 0.03*
Wrist Radial Deviation 737 15.44 8.13 0.857 1.00 1.00 1.00
Wrist Supination 113.09 103.35 157.21 0.001* 1.00 0.01%* 0.01*
Pelvic Tilt -0.52 7.11 -1 0.016%* 0.25 0.01* 0.91
Pelvic Obliquity -14.96 -98 -6.52 0.033* 0.47 0.74 0.03*
Pelvic Rotation —259 246 0.25 0.001* 0.57 0.01* 0.01*

Abbreviations: A- serve into zone A; B- serve into zone B; C- serve into zone C; p- value from the Kruskal—
Wallis test; *- statistical significance

In the follow-through phase (Table 5), significant differences were primarily observed between the serves
into zones B and C and between the serves into zones A and C. The crossminton players had the greatest elbow
flexion, shoulder total flexion, shoulder flexion and pelvic rotation with serves into zone C. Shoulder abduction
and wrist radial deviation were almost the same with serves into zones A and C. As observed, all three
crossminton serves were performed with an adducted and an internally rotated shoulder position (negative
values).

Table. 5 Median and significance values of the kinematic parameters of the fourth point of serve into zones A (N
=26), B(N=27)and C (N =31)

Right side
Variables y B C )4 pA'B pB -¢ pA'C
Elbow Flexion 27.14 22.67 4223 0.001* 1.00 0.01* 0.01*
Shoulder Total Flexion 64.51 67.48 77.17 0.001* 1.00 0.01* 0.01*
Shoulder Flexion 62.2 65.68 75.81 0.001* 1.00 0.01* 0.01*
Shoulder Abduction —38.94 —41.46 -38.33 0.515 1.00 1.00 0.83
Shoulder External Rotation —-109.15 -11691 -112.87 0.567 0.87 1.00 1.00
Wrist Extension —2.44 2.68 -4.9 0.681 0.11 0.14 1.00
Wrist Radial Deviation 22.21 6.27 22.12 0.065 0.11 0.14 1.00
Wrist Supination 94.47 88.35 81.54 0.223 1.00 0.71 0.29
Pelvic Tilt —6.17 -2.3 —3.43 0.863 1.00 1.00 1.00
Pelvic Obliquity -11.45 -8.24 —5.88 0.003* 0.68 0.01* 0.10
Pelvic Rotation —4.79 —4.48 -3.16 0.001* 1.00 0.01* 0.01*

Abbreviations: A- serve into zone A; B- serve into zone B; C- serve into zone C; p- value from the Kruskal—
Wallis test; *- statistical significance
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Discussion

This study aimed to describe dominant upper body kinematics during crossminton serves and the angular
differences in competitive crossminton players upon serving into three different zones of the opponent’s field.
Angular differences included joint angles in the four phases of crossminton serving, including the starting
position, the backswing, the impact of the speeder (the forward swing) and the follow-through phase. An
effective stroke in racket sports is allowed by an appropriate angle of the body, which may be why the angle
parameters are studied the most.

Our results showed different angle patterns at the three upper limb joints and pelvic joint throughout
serving into zones A, B and C. Our results showed that the serve into zone A demanded larger wrist radial
deviation in the first point of serve (starting position of the serve) but lower wrist radial deviation in the
backswing (the second point of serve) and when impacting the speeder (the third point of serve). The backswing
phase of the serve into zone C is supported by lower involvement of shoulder flexion and higher shoulder
external rotation than in the serves into zones A and B. At the moment of impact, the speeder of the serve into
zone A required greater shoulder flexion, shoulder abduction and wrist extension than serves into zones B and C.
At the moment of impact with the speeder, the lowest values of pelvic obliquity and rotation were found with the
serve into zone A. In the follow-through phase of the serve into zone C, we observed the greatest shoulder and
elbow flexion.

Regardless of the serving zone, the backswing phase was characterised by shoulder abduction and flexion,
elbow flexion, wrist supination and radial deviation. The similarities observed for all three serves through this
second phase suggest that the opportunities for opponents to relate the dominant upper limb kinematics to the
direction imparted to the speeder may be limited. For all serves, there was an increase in wrist supination during
the backswing phase (compared to the starting position). The angle of shoulder extension was greater in the
serve into zone C than into zones A and B during the backswing phase. This indicates that if crossminton players
want to successfully hit the speeder into zone C, having a larger shoulder extension would be better during the
backswing. In addition, the wrist radial deviation angle was lower with the serve into zone C, which means that
less radial deviation can better prepare the player to hit the speeder into zone C.

The forward swing phase required that the humerus be internally rotated, followed by an increase in
internal rotation as the upper limb was adducted. In tennis, the upper limb internal rotation of the forehand is the
main contributor to generating racket horizontal velocity (Takahashi, Elliott & Noffal, 1996; Elliott, Takahashi
& Noffal, 1997). The serve into zone C required the players to employ a greater range of motion in wrist
supination. As the magnitude of wrist extension, radial deviation and supination change the orientation of the
palm and the racket at the moment of impact with the speeder, players should focus on this position when the
goal is to serve the speeder into the specific zones of the opponent’s field, which are the most effective to obtain
a point. The determining factor of the speeder trajectory may be the moment of impact of the racket’s face angle
(Elliott, 1997; Xing et al., 2022). The wrist controls the racket angle during the process of hitting. The greatest
pelvic tilt was observed with the serve into zone B. The crossminton serve into zone B is the most similar to the
cross-court forehand in tennis from a biomechanical point of view. A greater pelvic tilt in the cross-court
forehand compared to the down-the-line forehand was also found by Landlinger et al. (2010). Our results differ
from studies of various sports that claim that there is only a slight difference between the kinematic parameters
of elite players at the moment of impact (Zhang et al., 2014).

During the follow-through phase, the motions of upper limb joints observed in the forward swing phase
continued. In particular, shoulder internal rotation was prominently featured. For the serve into zone C, the finish
position of the players indicated elbow and shoulder flexion. In contrast, serving into zones A and B demanded
lower elbow and shoulder flexion.

In the backswing and forward swing phases of serving into zones A and B, players tend to hit the speeder
with extended wrists and keep the wrist extended throughout impact. In contrast, in the serve into zone C,
crossminton players strike the speeder with a flexed wrist, leading to the loading of the eccentric extensor
tendons (Blackwell & Cole, 1994; Riek, Chapman & Milner, 1999).

Our findings on the dominant upper limb angular kinematics may be useful to coaches and players for
predicting the direction of the opponent’s serve. However, this study has some limitations. The first limitation
was the lack of players in our study. Only four crossminton players participated. Thus, these observations should
be confirmed in a 3D kinematic analysis of several elite male and female crossminton players. Another limitation
was the lack of measurements of the angular, racket, and speeder velocities. With additional measured kinematic
parameters, the results would be more conclusive.

Conclusions

This study identified variances in angular displacement within the upper body during the crossminton
serve, specifically when directed towards three distinct zones of the opponent’s field. We found multiple
parameters with significant differences due to serving into the different zones, primarily within the moment of
contact between the speeder and the racket (the forward swing phase). Serving into zone C required more
shoulder extension but less wrist radial deviation in the backswing phase. Serving into zone A required the most
shoulder flexion, shoulder total flexion, shoulder abduction and wrist extension but the least shoulder internal
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rotation during the moment of impacting the speeder (the forward swing phase). In the follow-through phase, the
serve into zone C required the most elbow and shoulder flexion but the least pelvic obliquity and rotation. Thus,
each serve is performed differently, especially in the most important moments of serving. This study provides
the first insights into the upper body joint kinematic features of the crossminton serve, which are the most
important to achieving high performance and preventing injuries. The results provide important information for
coaches and players to anticipate the opponent’s serve. The study involved the use of IMU sensors in
crossminton, and future studies should aim to understand the relationship between the angular velocity of the
upper body and the velocity of the racket and speeder.
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