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INTRODUCTION 
The chief complaints of patients with subacromial 
impingement syndrome (SAIS) include pain, restricted range 
of motion, and muscle weakness of shoulder girdle [1]. These 
problems would disturb patient’s daily living and result to 
functional limitations. Especially, the strength of external 
rotators are affected profoundly by the disease and decreased 
more than internal rotators. The rotator cuff muscles, based on 
the anatomy, served as the humeral depressor to resist the 
superior force by deltoid pulling during arm elevation. Besides 
the position of humeral head, the volume of subacromial space 
is also determined by the orientation of scapula. Scapular 
muscles, such as upper trapezius (UT), lower trapezius (LT) 
and serratus anterior (SA) muscles are thought to control the 
scapular movement on the thoracic wall. Several kinematic 
studies have showed that less range of upward rotation and 
posterior tipping of scapula during arm elevation were found 
in the patients with SAIS. Also, imbalanced activities among 
scapular muscles were associated with the abnormal scapular 
kinematics [1]. Therefore, exercises of muscle strengthening 
and motor control would be helpful for patients with SAIS. 
Such as full-can exercise [2], arm elevation with thumb up, 
was recommended for the suprasupinatus rehabilitation. 
However, few studies could demonstrate the mechanism of 
scapula control during therapeutic exercise and the importance 
of external rotator during arm elevation via biomechanical 
studies. Based on those reasons, the aim of present study was 
to realize the activities of related scapular muscles and 
scaupular kinematics during full-can exercise.  
 
METHODS 
Seven healthy young men without history of shoulder injury 
participated in this study. Participants were guided to elevate 
their arm in scapular plane with shoulder external rotation 
(thumb up) and then return to the resting posture until full 
elevation (Figure 1, C). For the purpose of investigating the 
effect of external rotator, we designed three loading conditions 
with different weights (no-load, 600g, and 1500g) to enhance 
the activities of external rotators(Figure 1, A, B). Three trials 
were performed in each condition and rest between conditions 
was allowed. The trunk, humerus, and scapula movements 
were captured by the electromannetic system (Polhemus Inc., 
Colchester, VT, USA). The relative motions of 
scapulothoracic and humerothoracic could be calculated by 
Euler angle method [3]. The muscle activities of UT,SA, LT, 
and middle fiber of deltoid (MD) were recorded by surface 

electromyography (AMT-8 EMG, Octopus, CA) and 
expressed as the percentage of the activity level during 
maximal voluntary isometric contraction of each muscle. 
Angle of scapular rotation and activities of scapular muscles 
were averaged in each 10° of humerothoracic elevation from 
0° to 90°. One-way ANOVA and post hoc test were conducted 
to examine the effect of different loading weight on the 
scapular control. 
 

 
Figure 1: The loading conditions of (A) 600g and (B) no-load; 
(C) arm elevation with external rotation in scapula plane.   
 
RESULTS AND DISCUSSION 
The patterns of muscle activation and scapular kinematics 
during arm elevation can be analyzed specifically by the 
averaged EMG activities and scapular rotation angles in every 
10° of arm elevation. Lager muscle activities were noticed 
during the loading conditions of 600g and 1500g. Especially 
the significant increases of UT activities during the elevation 
phase of 30°-40° and 70°-80° and SA activities during the 
phase of 20°-30° were marked. For the analysis of scapular 
kinematics, significant differences were found in upward 
rotation, although all scapular movements showed the 
tendency of increasing angle as the loading weights increasing. 
The results indicated that more upward rotation during phases 
of 0°-20° and 30°-40° during loading condition with 600g or 
1500g (Figure 2).  



 
Figure 2: The increased scapula upward rotation in loading 
conditions. The star means the significant difference.  
 
It had been reported that the force couple formed by UT and 
SA would rotate scapula upwardly in normal scapulohumeral 
rhythm [1]. In case of the occurrence of imbalanced activities 
between UT and SA, such as exaggerated UT with silent SA in 
patients with shoulder pain, this would induce the scapula 
superior displacement or shoulder shrug during arm elevation. 
In present study, the significant increased activities of SA and 
UT were associated with the increased upward rotation when 
the loading weights increased. The increased activities of LT 
could also resist the superior force from UT and prevent the 
scapula translating superiorly. It was interesting that the 
increasing changes of MD activities seemed to be lesser than 
other scapular muscles while the deltoid muscle served as the 
prime mover of arm elevation. The loading weight may evoke 
more activities of the scapular muscles, although we did not 
measure the EMG activities of external rotators, such as the 
supraspinatus. The co-activation of UT, SA, and LT may 
stabilize the scapula, which could provide a firm proximal 
base for the high loading movement in distal part. The control 
pattern, increasing the activities of UT, SA, and LT while 
maintaining the MD contribution, would be a benefit to the 
patient with SAIS, who can train the scapular control via this 
exercise. There should be more biomechanical studies for the 
effect of therapeutic exercises on SAIS patients. Previous 
study have showed that there were more scapular internal 
rotation and anterior tipping during arm elevation with thumb-
in [2], which was thought to bring the acromion into a more 
internal and anterior position. In current study, the greater 
tuberosity could leave the acromion process by shoulder 
external rotation and the scapula also exhibited more upward 
rotation in loading conditions, which may increase the 
subacromial space and prevent the subacromial tissues at risk 
for compression. However, it is difficult to measure the 
subacromial space during arm elevation directly. The evidence 
of humeral depression by the depressors should be verified 
easily by the imaging tools, such as the sonography or 
fluoroscopy. 
 
CONCLUSION 

This study showed that activities of scapular muscles were 
enhanced by the hand-held loading during arm elevation with 
external rotation, which would contribute to more scapula 
upward rotation. This exercise could be helpful for the patients 
with SAIS to strengthening the scapular muscles and 
reestablishing the scapula control. 

 

 

 

 
Figure 3: The activities of scapular muscles in three 
conditions.(A) UT ,(B)SA ,(C)MD ,and (D)LT. The star 
means the significant difference. 
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