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Abstract Crossminton is a sport that combines elements of squash, badminton and tennis, creating a new sport, which is 
currently being played all over the world. The aim of our study was to identify and compare the bilateral differences in the 
internal and external rotation of the glenohumeral joint of crossminton players. The subject of our study were 13 crossminton 
players from Slovak Republic (25.1 ±9.3 years; 172.8 ±9.1 cm; 71.8 ±16.1 kg). The range of motion of internal (IR-ROM) and 
external rotation (ER-ROM) of the glenohumeral joint was measured bilaterally using a standard two-arm goniometer. Bilateral 
comparison, decimal and sport age pairwise comparisons were carried using the T-test for independent samples. Results point 
to the occurrence of glenohumeral joint adaptation. Given the bilateral differences, the dominant shoulder has lower IR-ROM  
(p < 0.05) and higher ER-ROM (p < 0.05) than the non-dominant shoulder. GIRD (IR difference > 13 °) was observed in 4 players. 
The decimal age of the players did not have a significant impact on the rotation values of the glenohumeral joint. Only IR-ROM 
of the dominant upper limb was lower with the growing sport age of the players (p < 0.05). Given the fact that adaptations in 
ROM of glenohumeral joint promote an increased injury risk, the present study reveals the relevance of monitoring and finding 
differences between upper limbs in crossminton players.
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Introduction
Tennis, which we consider to be the oldest racquet sport, is contributing to the constant increase in interest in 

racquet sports. However, non-traditional racquet sports also saw a significant increase in recreational players (Nhan 
et al., 2018). One of them is crossminton, which combines elements of tennis, badminton and squash. It represents 
a new dimension of racquet sports, in which players demonstrate specific functional changes of the glenohumeral 
joint that are accompanied by pain and movement restrictions.

Racquet sports are characterized by a variety of strikes that are repeated in a very short period of time. It is 
the constant repetition of specific one-side movements that is the determining factor of the development of muscle 
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imbalance and damage to the musculoskeletal system, especially the upper limbs (Sánchez-Alcaraz et al., 2021; 
Courel-Ibáñez & Herrera-Gálvez, 2020; Kozel et al., 2019; Sanchis-Moysi et al., 2013; Abrams et al., 2012).

The glenohumeral joint is a part of the body that is not only the main area of   concentration in improving 
the game, but also the part in which injuries often occur due to high loads and forces acting during the strike. 
The glenohumeral joint allows the greatest mobility and the greatest range of motion, which is an advantage for 
racquet sports players (Roetert & Kovacs, 2014). Due to the high demands on joint mobility, muscle strength and 
complex biomechanics of the shoulder girdle during the overhead movements, adaptations in the glenohumeral and 
scapulothoracal part of the body may already occur in adolescents (Cools et al., 2010; Silva et al., 2008; Ellenbecker 
& Roetert, 2003).

Injuries of the shoulder girdle in athletes, for whom overhead movements are typical, are mainly caused by 
repetitive movements (Olsen et al., 2006) or muscle fatigue (Hutchinson et al., 1995) and may be associated with 
scapular dyskinesis (Silva et al., 2008; Kawasaki et al., 2012), rotator cuff muscle injury or weakness (Bolach et al., 
2019; Byram et al., 2010), or a deficiency in the internal rotation of the glenohumeral joint (Keller et al., 2018; Wilk 
et al., 2011; Shanley et al., 2011). If there is a change in the range of motion of the glenohumeral joint, the pressure 
on the front muscles of the shoulder increases and this can lead to the impingement syndrome (Świtoń et al., 2017; 
Kibler, 2014).

Lädermann et al. (2016) argue that most shoulder pain is caused by impact and instability of the shoulder 
joint due to repeated arm lifting and overhead movements. One of the most common rotational adaptations of the 
glenohumeral joint is the deficit of the internal rotation of the dominant arm, compared to the non-dominant one 
(GIRD). This deficit is one of the risk factors causing shoulder injuries (Kibler, 2014).

Several authors have been involved in measuring the range of motion of the glenohumeral joint of tennis 
players, badminton players and players of overhead sports. Therefore, the aim of our study was to identify and 
compare bilateral differences in the internal and external rotation of the glenohumeral joint of crossminton players.

Materials and Methods

Participants
The object of our research were 13 crossminton players representing the Slovak Republic at national and 

international tournaments. The participants characteristics included age (M = 25.1 ±9.3 years), height (M = 172.8 
±9.1 cm) and weight (M = 71.8 ±16.1 kg). The group consisted of 4 women (17 ±5.1 years, 163 ±7.6 cm, 52.5 ±11.7 kg)  
and 9 men (28.7 ±8.6 years, 177.1 ±5.7 cm, 80.3 ±8.4 kg) who are representatives of the crossminton clubs Lipany 
and Slávia University of Presov in categories Juniors under 14 (U14) and Juniors under 18 (U18), Women Singles 
and Open Singles. Average sport age of participants was 5.9 ±3.7 years. The study involved players who undergo 
regular trainings and their average training volume is 5.23 ±2 hours per week. All the players had a dominant right 
upper limb and none of the players reported any glenohumeral joint injuries during the previous 12 months. 

To determine the effect of decimal age on glenohumeral joint rotations, we divided the players into 2 groups. 
The first consisted of players under 25 years and the second group of players over 25 years. We also performed 
a similar division of players into 2 groups when comparing the values of rotation with respect to the sports age 
of crossminton players. The first group consisted of players with a sports age of 2–4 years, the second group 
of players with a sports age of 6–12 years.
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All players participating in the study were acquainted with its course and signed informed consent regarding 
the protection of personal data and the publication of measurement results for scientific purposes. The presented 
procedures were in accordance with the ethical standards on human experimentation and in compliance with the 
Declaration of Helsinki.

Measurement
Application of the chosen methodological standards was planned in one day of pre-season months. 

Measurements were taken during one training session in the sports hall. First of all, the players completed 
a questionnaire, which contained information about the decimal and sport age, training volume (hours/week), 
dominant upper limb and the history of glenohumeral joint injuries. Subsequently, the players performed a 15-minute 
warm-up, including forward/backward movements, sidestepping using a frequency ladder and mobilization exercises 
(i.e., arm circles, leg kicks) of individual parts of the body. Body height measurement using a fixed stadiometer and 
body weight measurement using the InBody 720 device were performed after the warm-up in this order. The last 
part was the measurement of external (ER-ROM) and internal rotation (IR-ROM) of the glenohumeral joint using 
a goniometer, which was performed in the presence of a physiotherapist. 

The planimetric method of measuring joint mobility is mostly used to determine the range of motion in clinical 
practice. It is a measurement and recording of the angle between the segments, always for movement in one 
plane. It is often referred to as goniometric examination. To record the measurement of joint mobility SFTR method 
is used (Haladová & Nechvátalová, 2010; Kolář, 2009). We used a standard two-armed goniometer (KaWe) with 
scales marked in 1˚ increments to measure the range of motion of the glenohumeral joint of the dominant and 
non-dominant upper limb. The procedure for measuring individual movements was as follows: ER-ROM of the 
glenohumeral joint of the dominant upper limb, ER-ROM of the glenohumeral joint of the non-dominant upper 
limb, IR-ROM of the glenohumeral joint of the dominant upper limb, IR-ROM of the glenohumeral joint of the  
non-dominant upper limb. Three trials of each IR-ROM and ER-ROM tests were recorded and the mean value was 
used for the analysis. By summing the values   of internal and external rotation, we obtained the total range of motion 
of the glenohumeral joint (TROM).

Test protocol
The starting position examined when measuring external rotation of the glenohumeral joint was the prone 

position with shoulder abduction at 90˚ and elbow flexion at 90 ,̊s. that the forearm hangs over the edge of the table. 
The physiotherapist fixed the distal part of the shoulder to avoid changing the angle of attachment. Subsequently, 
the proband was asked to move the forearm toward the head on its own until it reached the maximum range. 
We placed the center of the goniometer on the olecranon of the ulna. The stationary goniometer arm was placed 
parallel to the table edge and the movable goniometer arm was placed parallel to the forearm centerline. When 
measuring the internal rotation of the glenohumeral joint, the starting position of the proband was the same as when 
measuring the external rotation. However, the proband was asked to move the forearm toward the pelvis until it 
reached the maximum range. After attaching the goniometer, we read the values   for the internal rotation. Values 
of ER-ROM and IR-ROM were with an accuracy of 1 .̊
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Statistical analysis
We performed statistical data processing using the program Statistica 13.5. The mean value and standard 

deviation were computed for all measured data. Shapiro-Wilk test was used to determine the normality of the data 
distribution and then T-test for independent samples was run to analyse bilateral comparison of IR-ROM and ER-ROM  
of the glenohumeral joint. We determined the comparison of rotation values   between players depending on their 
decimal and sports age using a T-test for independent samples. For all tests, the significance level was set at p < 
0.05.

Results
From the measured values   of the internal and external rotation of the glenohumeral joint of all players, we 

calculated the mean and the standard deviation. We found the total range of motion (TROM) of the glenohumeral 
joint by the sum of the values   of internal and external rotation (Table 1). 

Table 1. Mean and Standard Deviation of Shoulder Range of Motion 

_D shoulder NonD shoulder
Mean SD Mean SD

IR, ˚ 51.46 6.12 60.23 5.90
ER, ˚ 119.69 8.40 110.38 8.46
TROM,˚ 170.54 10.02 169.85 12.05

D shoulder: dominant shoulder; NonD shoulder: nondominant shoulder; IR: internal rotation; ER: external rotation; TROM: total range of motion; SD: standard deviation

Bilateral rotation comparison
For all crossminton players, we recorded a higher ER value of the glenohumeral joint of the dominant shoulder. 

On the contrary, the dominant upper limb showed lower IR values   for almost all players. The average value of the 
IR difference between the upper limbs was 11.85˚ and 4 crossminton players showed the occurrence of GIRD  
(IR difference > 13˚). T-test for independent samples revealed statistically significant bilateral differences between 
the rotations of the dominant and non-dominant upper limbs. ER was greater (p < 0.05) and IR less (p < 0.05) in the 
dominant upper limb. We did not find statistically significant bilateral differences in the total range of motion of the 
glenohumeral joint (Table 2).

Table 2. Shoulder Range of Motion Test Results of D and NonD Side

_D shoulder
Mean ±SD

NonD shoulder
Mean ±SD

t p

IR, ˚ 51.46 ±6.12 60.23 ±5.9 –3.71 0.001*
ER, ˚ 119.69 ±8.40 110.38 ±8.46 2.81 0.010*

TROM,˚ 170.54 ±10.02 169.85 ±12.05 0.16 0.876

D shoulder: dominant shoulder; NonD shoulder: nondominant shoulder; IR: internal rotation; ER: external rotation; TROM: total range of motion; SD: standard deviation;  
*p < 0.05; T-test for independent samples
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Age Comparison
Players were divided into two groups according to their decimal age: players with age under 25 years and 

players with age over 25 years. We did not find statistically significant differences in IR and ER values   between 
these two groups of players (p > 0,05) (Table 3). 

Table 3. Shoulder Range of Motion Test Results Between Different Age Groups

_Group 1
Mean±SD

Group 2
Mean ±SD

t p

ER D, ˚ 121.67 ±11.06 118.00 ±5.66 0.77 0.46
ER NonD,˚ 108.50 ±11.90 112.00 ±4.32 –0.73 0.48
IR D, ˚ 51.17 ±3.92 51.71 ±7.87 –0.15 0.88
IR NonD, ˚ 58.33 ±6.53 61.86 ±5.24 –1.08 0.30

ER D: external rotation of dominant shoulder; ER NonD: external rotation of nondominant shoulder; IR D: internal rotation of dominant shoulder; IR NonD: internal rotation 
of nondominant shoulder; Group 1: age <25; Group 2: age >25; SD: standard deviation; *p < 0.05; T-test for independent samples

Crossminton Experience Comparison
We also performed a similar division of players into two groups according to their sports age: players with 

a sports age of 2–4 years and players with a sports age of 6–12 years. We did not notice a significant effect of sports 
age on the values   of glenohumeral joint rotation in crossminton players, except for the IR of the dominant upper 
limb (Table 4).

Table 4. Shoulder Range of Motion Test Results Between Different Crossminton Experience Groups

_Group 1
Mean±SD

Group 2
Mean±SD

t p

ER D, ˚ 116.33 ±4.97 122.57 ±9.98 –1.38 0.19
ER NonD, ˚ 107.83 ±11.21 112.57 ±5.13 –1.01 0.34
IR D, ˚ 55.50 ±5.86 48.00 ±4.00 2.73 0.02*
IR NonD, ˚ 58.83 ±7.55 61.43 ±4.31 –0.78 0.45

ER D: external rotation of dominant shoulder; ER NonD: external rotation of nondominant shoulder; IR D: internal rotation of dominant shoulder; IR NonD: internal rotation 
of nondominant shoulder; Group 1: crossminton experience<5; Group 2: crossminton experience>5; SD: standard deviation; *p<0.05; T-test for independent samples

Discussion
In our study, we found that crossminton players also have adaptations to the glenohumeral joint due to the 

nature of the sport. We found that the dominant upper limb is characterized by increased values   of external rotation 
and decreased values   of internal rotation compared to non-dominant. We also noticed the occurrence of GIRD (IR 
bilateral difference >13˚) in some players.

A review by Anderton et al. (2018) points to a wide range of values   for normal glenohumeral joint range 
of motion. Based on several studies, they report the average value of the external rotation of the glenohumeral 
joint as 83 ,̊ while the obtained values   were in the range of 40˚–117 .̊ 74˚ is considered as the average normal 
value of the internal rotation of the glenohumeral joint (30˚–110˚). The average value of the external rotation of the  
non-dominant shoulder found by crossminton players was 110.38 ,̊ which is in line with the range according to the 
review. The average value of the internal rotation of the non-dominant shoulder of crossminton players was 60.23 ,̊ 
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which is also the value in the range of reported results. However, the rotation values   of the dominant shoulder 
of crossminton players are slightly different from the average values   of Anderton et al. (2018). The external rotation 
of the dominant shoulder of crossminton players (119.69˚) has a higher value compared to the authors’ standards, 
while the internal rotation of the dominant shoulder (51.46˚) is much lower than their average value.

Even young racquet sports players (7–8 years old) may develop a muscle imbalance in the shoulder girdle 
(Cools et al., 2010). Several studies indicate that the athlete’s dominant shoulder, compared to the non-dominant, is 
characterized by reduced internal rotation also known as glenohumeral internal rotation deficit (GIRD) (Wilk et al., 
2015; Burkhart et al., 2003). Wilk et al. (2011) define GIRD as the difference ≥18˚ in the internal rotation of the 
dominant shoulder compare to the non-dominant one. Shanley et al. (2015) describe GIRD as the difference >13˚ 
between dominant and non-dominant upper limb in internal rotation in baseball players.

Chang et al. (2018) investigated internal and external rotation of the glenohumeral joint in beginner and 
advanced players. They found that advanced players showed a lower values of total range of motion than beginner 
players. Both groups showed lower internal rotation and higher external rotation of the glenohumeral joint of the 
dominant upper limb.

Nowadays adaptations of the glenohumeral joint occur more common in younger tennis players. Already 
in junior players, Cigercioglu et al. (2021) noticed decreased IR, and conversely increased ER and TROM of the 
dominant shoulder compared to the non-dominant. The same is confirmed by the author Fernandez-Fernandez 
et al. (2019), who were already found a growing trend in increasing the bilateral differences of IR in U15 category 
compared to the U13 category. Gillet et al. (2017) assessed changes of glenohumeral joint rotation in players aged 
7–13 years. They found that the total range of motion of the glenohumeral joint gradually decreased with biological 
age due to a reduction of the internal rotation. The same phenomenon was reported by Cools et al. (2014), Nutt 
et al. (2018). In tennis players, they found a decreasing tendency of internal rotation and total range of motion of the 
glenohumeral joint. Kalo et al. (2020) confirmed a positive linear correlation between years of tennis experience 
and bilateral asymmetry of internal rotation. At the same time, they revealed a negative linear correlation between 
training duration and the ratio between internal and external rotation of the glenohumeral joint of the dominant upper 
limb. They also showed an association between reduced internal rotation of glenohumeral joint and shoulder injury.

Significant bilateral differences in the IR and TROM of the glenohumeral joint of tennis players compared to 
baseball and softball players were found by Oliver et al. (2020).

The occurrence of glenohumeral joint adaptation by badminton players has also been studied by several 
authors, but compared to tennis, there is significantly less research in this area. Dabholkar & Attili (2020), Dabholkar 
et al. (2018), Shimpi et al. (2015) found increase values of external and decreased values of internal glenohumeral 
joint rotation in both elite and novice badminton players, with a more pronounced difference in the dominant upper 
limb. The same results were found by Thasneem et al. (2020); Dabholkar et al. (2015).

Limitation of the Study
Some limitations in current study were observed. It is worth noting that the study was conducted on a group 

of crossminton players which additionally limits the sample due to the presented clubs. A group of 13 crossminton 
players is not able to show the details of adaptations of glenohumeral joint in crossminton players. In addition, the 
results of the study have possible bias in terms of gender differences or decimal and sports age. Therefore, the 
present study is illustrative and the first one in crossminton. 
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Conclusions
Based on the findings, we demonstrated the occurrence of functional changes in the glenohumeral joint 

of crossminton players. We found reduced values   of the internal rotation of the glenohumeral joint of the dominant 
upper limb. Given the bilateral differences, we can state that the dominant upper limb has statistically significant 
lower values   of internal rotation and higher values   of external rotation compared to the non-dominant upper limb. 
We noticed the occurrence of GIRD in up to 4 players. The decimal age of the players did not have a significant 
influence on the glenohumeral joint rotation values. Only the value of the internal rotation of the dominant shoulder 
decreases with the increasing sport age of the players. Given the fact that an adaptations in range of motion 
of glenohumeral joint promote an increased injury risk, the present study reveals the relevance of monitoring and 
finding differences between upper limbs in crossminton players.
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