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Abstract 
Eleven male university team hand-ball players (22 shoulders) with 5 or more years of competitive 
team hand-ball experience who had no history of injuries were included in this study. We com-
pared the thickness of the trapezius muscle between their dominant arm and non-dominant arm, 
to clarify the correlation between the muscle thickness and muscular strength during internal and 
external rotation in the shoulder joints used to throw a handball. We measured the thickness of 
the middle and lower trapezius muscles at an abduction angle of 90˚ descending by the ultrasonic 
LOGIQ e and measured internal and external rotational muscular strength of the glenohumeral 
joint by BIODEX. The players showed significantly greater thickness of the lower trapezius muscle 
during constriction in the dominant arm than that in the non-dominant arm. Furthermore, a posi-
tive correlation was observed between muscle thickness of the lower trapezius muscle and the 
muscular strength during internal rotation of the glenohumeral joint. It is highly probable that the 
height of the constricting ability in the lower trapezius muscle in the dominant arm is related to 
the prevention of throwing injuries. 
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1. Introduction 
The prevention of throwing injuries of the shoulder is important in team hand-ball competition, because team 
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hand-ball athletes tend to use a wider range of different types of throwing than players of other sports; hence, 
overhand stress occurs, and a dynamic mechanism for shoulder joint stabilisation is required to prevent shoulder 
joint injuries. One of the dynamic stabilizations for the shoulder is the stabilizing of the scapula by means of 
trapezius muscle movement during throwing. Instability of the scapula has often been reported to be related to 
throwing injuries [1]-[3]. 

Several kinematical studies have investigated means to improve performance of the diverse range of throwing 
motions carried out by team hand-ball players [4]-[8]. To reduce the risk of throwing injuries, despite the diverse 
range of motions, preventive medical knowledge of the scapular motions is required to minimise the burden on 
joint structures and achieve the most effective throwing motion. The trapezius muscle, one of the muscles around 
the scapula, is split into three fibrous parts comprising the first, middle and lower, and each part serves a differ-
ent function. The lower trapezius muscle in particular holds the upward rotational position of the scapula and 
contributes to stabilizing the glenohumeral joints during throwing motions [9]. In competitions, team hand-ball 
athletes often raise the upper arm while holding the ball and frequently repeat passing and shooting motions. 
Furthermore, as the ball is heavier than a baseball, the burden on the shoulder joint is likely to be greater than 
that in baseball. Continued experience of this type of action may affect trapezius muscle thickness. However, no 
studies have investigated the muscles surrounding the scapula with the aim of preventing injuries of team hand- 
ball players. 

Therefore, in this study, we targeted athletes with 5 or more years of team hand-ball experience who had no 
history of injuries and compared the thickness of the trapezius muscle between their dominant arm and non- 
dominant arm, to clarify the correlation between the muscle thickness and muscular strength during internal and 
external rotation in the shoulder joints used to throw a handball. 

2. Methods 
2.1. Participants (Table 1) 
Eleven male university team hand-ball players (22 shoulders) who belonged to the Tokai Student Team Hand- 
ball varsity league and had played competitive team hand-ball for 5 or more years were included in this study. 
Participants were excluded if they met any of the following criteria: 1) complained of shoulder pain, 2) had a 
history of shoulder joint disorder based on physician diagnosis, and 3) examination showed a throwing disorder 
(positive Neer sign and Hawkins-Kennedy sign). Participants provided written consent by signing a research 
consent form that explained the ethical considerations, research details, purpose, methods and important notes 
with regard to the study. 

2.2. Measurement Details 
2.2.1. Measurement of Muscle Thickness 
As the measuring device, we used the ultrasonic LOGIQ e (manufactured by GE Health Corporation). We also 
used 5-MHz sounding probes. There were four measurement positions: the middle trapezius muscle and lower 
trapezius muscle of both the throwing arm and non-throwing arm. We measured muscle thickness at each point 
both in a rest position without allowing the muscle to contract as well as when constricted, with the goal of iso-
metric contraction. The measurement position was at an abduction angle of 90˚ descending past the elbow off 
the edge of the bed, which we called the 2nd position (Figure 1). A physical therapist with at least 5 years of 
clinical experience performed the ultrasonic measurements and determined the measurement positions of the 
middle and lower trapezius muscle. Measurement positions were based on the report by O’Sullivan et al. [10], 
and for the middle trapezius muscle, we measured the thickest portion of the venter parallel to the first thoracic 
vertebrae. For the lower trapezius muscle, we measured 3 cm outside the spinous process parallel to the eighth 
thoracic vertebra. To verify the reliability of ultrasonic measurements, we randomly selected 6 of the 11 partici-
pants and performed the same measurement twice in 1 week using intraclass correlation coefficient verification. 

2.2.2. Muscular Strength Assessment 
We used isokinetic muscular strength measuring equipment (BIODEX; manufactured by Biodex Medical Sys-
tem) and measured the internal and external rotational muscular strength with the shoulder joint at a 90˚ abduc-
tion angle (referred to as the 2nd position). The measurement position was in a sitting position on the sheet of  
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Figure 1. The measurement position.                       

 
Table 1. Physique characteristics of the participants.                                                                 

 age height 
(cm) 

weight 
(kg) 

body fat 
(%) BMI competitive 

experience (year) dominant arm 

1 19 173 71.8 16.3 24.0 5 Rt 

2 19 174 71.6 17.6 23.6 5 Rt 

3 20 174 59.1 10.9 19.5 6 Lt 

4 20 183 76.6 16.9 22.9 6 Rt 

5 20 182 68.0 13.3 20.5 6 Rt 

6 22 171 70.3 18.8 24.0 8 Rt 

7 22 176 66.9 14.3 21.6 8 Rt 

8 22 177 68.3 15.8 21.8 8 Rt 

9 20 170 64.4 17.3 22.3 6 Rt 

10 20 175 66.3 16 21.6 6 Rt 

11 22 160 60.7 15.8 23.7 8 Rt 

Mean 20.3 173 66.3 15.4 22.1 6.5  
SD 1.3 6.3 5.7 2.2 1.5 1.2  

 
the measuring device, and the trunk of the body and pelvis were fixated with a belt. When the soles of the par-
ticipants’ feet came off the ground, they grasped a fixed lever with the non-testing arm. This was measured suc-
cessively, left then right, in 2nd position, with a 60-second rest in between. Measured actions included rotation 
of the shoulder joint five times using as large a motion as possible. With the aim of encouraging the participants 
to exert maximum muscular strength, the same measurer offered all participants verbal encouragement during 
the motions. Although great variation in the angular velocity from 60˚ - 450˚/sec was seen in previous studies, 
[11]-[17], in this study, we set the angular velocity at 300˚/sec, which is a functional speed equivalent to throw-
ing actions according to Wilk et al.’s classification [15]. Measurement parameters were maximum internal and 
external torque and mean torque calculated automatically from the average of 5 measured values. 
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2.2.3. Statistical Analysis 
We used the Mann-Whitney U test to compare data for the dominant and non-dominant arms. We calculated the 
Pearson product-moment correlation coefficient for the relation between muscle strength and muscle thickness. 
The statistically significant standard for all differences was set at less than 5%. We used SPSS II for Windows 
11.0.1J (SPSS Inc.) for statistical analysis. 

3. Results 
3.1. Muscle Thickness 
The reliability results are shown in Table 2. The reliability for execution was good. The sizes of the middle and 
lower trapezius muscles are shown in Table 3. Muscle thickness of the lower trapezius muscle when constricted 
was significantly greater in the dominant arm than in the non-dominant arm (p < 0.05). No significant difference 
in the thickness of the middle trapezius muscle was found between the dominant arm and non-dominant arm. 

3.2. Muscle Strength 
Table 4 shows the maximum and average torque values of internal and external rotation with the shoulder joint 
in the 2nd position. There were no significant differences found in the maximum and average torque between 
the dominant and non-dominant arm under these circumstances. 

3.3. Correlation between Muscle Thickness and Muscular Strength 
Figure 2 shows the relation between trapezius muscle thickness and internal rotational muscular strength during 
shoulder joint rotation. The correlation coefficient for the lower trapezius muscle thickness and the maximum 
 
Table 2. The reliability of ultrasonic measurement.                                                             

1st trial 2nd trial 3rd trial    
mean SD mean SD mean SD ICC F-value  
3.80 0.57 3.89 0.54 3.92 0.59 0.94 2.41 n.s 

Note: ICC: Intraclass correlation coefficient; n.s: > 0.05. 
 

Table 3. The thickness of trapezius muscle tissue.                                                                

  dominant arm non-dominant arm 

  rest contraction (%) rest contraction (%) 

middle 
mean 8.4 14.0 169.4 7.0 11.9 172.8 

SD 0.9 2.1 43.2 1.5 1.6 14.5 

lower 
mean 5.3 7.4* 139.6 3.9 5.2 136.9 

SD 0.7 1.1 21.8 0.7 0.6 39.3 
*p < 0.05. 
 
Table 4. The maximum and average torque of rotation.                                                              

  maximum torque/weight mean torque 

  
dominant 

arm 
non-dominant 

arm z p dominant 
arm 

non-dominant 
arm z p 

external 
mean 29.9 28.8 0.460 0.645 18.4 17.9 0.427 0.669 

SD 5.4 4.6   5.0 3.2   

internal 
mean 57.3 55.8 0.460 0.646 35.2 33.9 0.263 0.973 

SD 9.8 12.1   8.4 7.9   
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(a)                                                           (b) 

Figure 2. The correlation between trapezius muscle thickness and muscular strength: (a) middle trapezius; (b) lower trape-
zius.                                                                                                  
 
torque during shoulder joint rotation was r = 0.635, indicating a moderate, positive, significant correlation (p < 
0.05). No significant correlation was found between the middle trapezius muscle thickness and the maximum 
torque during shoulder joint rotation. In addition, no significant correlation was found between the middle trape-
zius muscle thickness and the muscular ability during external rotation of the shoulder joint. 

4. Discussion 
Players who have participated in team hand-ball competitions for 5 years or more without developing throwing 
injuries showed significantly greater muscle thickness during construction in the lower trapezius muscle in the 
dominant arm compared to the non-dominant arm. Furthermore, a positive correlation was observed between the 
muscle thickness of the lower trapezius muscle and the maximum torque during internal rotation of the shoulder 
joint on the throwing side. 

First, the constricted muscle thickness of the lower trapezius muscle was significantly thicker on the dominant 
arm than on the non-dominant arm. On the other hand, there was no significant difference in the muscle thick-
ness value in the middle trapezius muscle between the dominant and non-dominant arm. This shows that mobi-
lization of the lower trapezius muscle is repeated when making throwing motions and improves the muscle con-
stricting ability of the muscle at the bottom of the muscle. This also demonstrates the possibility that the team 
hand-ball players who participated in this study and had not experienced shoulder joint injuries are performing 
throwing motions with the scapula in a position of upward rotation. In the upward rotational position of the 
scapula, for throwing movements that involve elevation of the arm, there is increased structural stability for the 
scapula and humerus in the glenohumeral joints. The position of the arm in the glenohumeral joint is referred to 
as the zero position, and the humeral shaft axis is roughly aligned with the scapular spine in this position. This is 
the relative position of the scapula and humerus that achieves joint stability in fast-moving quadrupeds [18]. 
Therefore, stability and motion efficiency in the glenohumeral joint is likely high for players with high muscular 
strength of the lower trapezius muscle when throwing, and this may contribute to the prevention of glenohu- 
meral joint injuries. 

Second, a positive correlation was observed between the muscle thickness of the lower trapezius muscle and 
the maximum torque during internal rotation of the shoulder joint on the throwing side. No significant correla-
tion was found between the thickness of the middle trapezius muscle and the maximum torque during internal 
shoulder joint rotation on the throwing side. This shows that stabilisation of the upward rotation of the scapula 
due to the lower trapezius muscle while throwing is related to exertion of internal rotation muscular strength in 
the shoulder joint. For the scapula at the upper arm joint, in the horizontal abduction in the final area, the abduc-
tion and external rotation movements are limited, because the joint capsule and the ligament are tense. However, 
in a mild horizontal adduction position, the range of abduction and external rotation expands. When using inter-
nal rotation in a throwing motion, it is necessary to expand the area of external rotation by rotating the upper 
glenohumeral joint inward and parallel, and stability in the upward rotation of the scapula is required. Thus, it 
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appears that athletes with a long history of competing and no history of throwing injuries might exhibit a throw-
ing motion that repeatedly reduces excessive abduction and external rotation stress of the scapula at the gleno- 
humeral joint with upward rotation of the scapula to efficiently reflect the internal rotational movement of the 
glenohumeral joints, On the other hand the strength of the maximum torque when internally rotating the shoul-
der joint has been reported to have no effect on ball speed [19]. This study also found no significant difference 
in maximum torque during internal rotation of the shoulder joint, although the value was higher in the dominant 
arm than in the non-dominant arm. In other words, a dynamic stabilization from the lower trapezius muscle does 
not directly improve performance parameters such as maximum torque or ball speed, but there is a possibility 
that it is functional in preventing the excessive mechanical stress to the scapula at the joint that occurs during 
throwing motions. 

As the dominant arm is the throwing side, there is a possibility that the high muscle thickness value on the 
throwing side reflects the predominance of this side. However, in the middle trapezius muscle, although the muscle 
thickness was greater on the dominant side than on the non-dominant side, no significant difference was found. 
A significant difference was only found in the lower, which suggests that there may be a correlation with play-
ing characteristics. This shows the importance of training the trapezius muscle for prevention of throwing inju-
ries by utilizing a Dynamic stabilization for the scapula. The importance of training the muscles around the scapula, 
including the approach to the trapezius muscle in baseball pitching motions in players returning to competition, 
has been reported in past studies [20]-[22]. 

The experiments of this study have three limitations. First, the participants included only team hand-ball ath-
letes with no history of throwing injuries. We were unable to show if there is a difference in the lower muscle 
thickness in players with throwing injuries and those without. Second, because we did not compare the data to 
those in players of other sports that involve overhand stress, such as baseball, volleyball and tennis, we are un-
able to show if these tendencies are unique to team hand-ball. Third, other muscle groups, such as the rotator 
cuff, exhibit complex effects on movement in a scapula Dynamic stabilization. These results are biased with re-
gard to this point. 

5. Conclusions 
In this study, players involved in team hand-ball competitions for at least 5 years with no history of throwing 
injuries showed significantly greater thickness of the lower trapezius muscle during constriction in the dominant 
arm than that in the non-dominant arm. Furthermore, a positive correlation was observed between muscle thick-
ness of the lower trapezius muscle and the muscular strength during internal rotation of the glenohumeral joint. 
It is highly probable that the height of the constricting ability in the lower trapezius muscle in the dominant arm 
is related to the prevention of throwing injuries. Future studies should include greater numbers of participants, 
investigate shoulders with throwing injuries, and make comparisons with other factors. 

Players who had participated in team hand-ball competitions for 5 years or more without developing throwing 
injuries showed significantly greater muscle thickness during construction in the lower trapezius muscle in the 
throwing arm compared with the non-throwing arm. 
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