
Introduction

Musculoskeletal disorders are health problems 
generally appearing in working populations. Those who 
work at factories are repeatedly given burdens on their 
shoulder joints. Due to repeated collisions of 
subacromial structures, ruptures of the supraspinatus 
muscle tendon, degeneration become to occur [1]. 
Clinical shoulder joint disorders are related to exposure 
to continuous vibrations and repeated work [2]. 
Work-related musculoskeletal system disorders refer to 
disorders appearing on the neck, shoulder, waist, 

extremities, and muscles due to factors such as 
repeated motions, inadequate working postures, 
excessive use of force, body contact with sharp 
surfaces, vibrations, and temperatures [3]. Among these 
work-related musculoskeletal disorders, particularly 
upper extremity musculoskeletal disorder can have 
adverse effect not only on the restrictions of 
work-related activities but also difficulties in 
performing activities of daily living and sports and art 
activities [4]. 

As the importance of these musculoskeletal disorder 
has been increasing as one of industrial disasters, 
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studies on the cause of occurrence, conditions, and 
treatment methods of work-related musculoskeletal 
system disorders have been conducted in diverse areas 
[5, 6]. Among them, stretching and muscle 
strengthening programs as treatment methods have 
been used as general methods of correcting muscles' 
abnormal activities and movements and relieving 
symptoms [7, 8]. Some studies reported that focus on 
improving scapular muscle recruitment training have 
beneficial effect [9, 10]. The scapula has various roles 
that anatomy and biomechanics interaction of scapula 
produce efficient movement on facilitating optimal 
shoulder function [11]. Also, high intensity resistance 
training has been coming to the fore as an integral 
part in diverse rehabilitation protocols [12]. High 
intensity resistance training is mainly used on 
occupational diseases related to neck and shoulder 
pain, rotator cuff damage, and post-operative muscle 
weakening of elderly patients [13]. For high level 
muscle activity, resistance training is generally 
implemented using machines or diverse tools [14, 15]. 
Most of machines were large and expensive. As an 
alternative to the machines, elastic bands and 
hand-held weights such as dumbbells are easy 
accessible and inexpensive tools that may be used in 
almost any situation [16].

Dumbbells and elastic bands are tools that are 
mainly used in therapeutic trainings to prevent 
shoulder disorders [17, 18]. Dumbbells and elastic 
bands can be applied to extremities adjusting the 
weights or the degree of resistance and can help 
muscle strengthening in the area of rehabilitation. 
Trainings using dumbbells are effective in muscle 
strengthening and pain relief. In addition, resistance 
trainings using elastic bands show wide ranged effects 
on rehabilitation exercises after injuries, health 
management, muscle strength, flexibility, and stability, 
and a study reported that when elastic band trainings 
were performed by healthy middle aged persons, 
effects such as muscle strength increases by 10~27%, 
stability enhancement, and basic physical strength 
improvement were shown [19, 20]. Anderson et al 
(2010) compared the muscle activation of a dumbbell 
and elastic band training related to upper extremity 
rehabilitation to estimate on 16 female workers [21]. 
The study found that both trainings are high levels of 

muscle activation, and therapist can select dumbbell or 
elastic band in rehabilitation. However, the study to 
compare the effects of dumbbell and elastic band 
implemented in subjects with shoulder impingement 
syndrome were not determined.  

Therefore, the purpose of the present study is to 
implement trainings using dumbbell and those using 
elastic band for six weeks to find out how these 
trainings affect the ROM, muscle strength, pain and 
function of patients with shoulder impingement 
syndrome in order to provide treatment protocols 
effective at clinics. 

Methods 

Subjects

Among the workers who use the industrial 
rehabilitation center, the patients who are under 
treatment after being diagnosed with shoulder 
impingement syndromesyndrome by doctor in industrial 
rehabilitation center were selected as the subject of 
this study. A once-a-day general physical therapy that 
every hospital implements was applied to both groups, 
where experiment group performed scapula stabilization 
exercise using elastic bands and control group 
performed scapula stabilization exercise using 
dumbbell. The exercise was implemented right after 
applying the general physical therapy to both of the 
two groups. The 18 participants who listened to and 
understood the explanation about the purpose and 
process of the research were recruited for this study 
through bulletin board in industrial rehabilitation 
center. Inclusion criteria was presence of positive sign 
in at least two of Neer test, Hawkins test, Yocum test, 
Jobe test and Speeds test [22]. As for the exclusion 
criteria, those with surgical history of rotator cuff, 
those with disease in upper limb other than shoulder 
impingement syndrome, those who took anti-inflammatory 
drugs over the past 12 months were excluded from the 
sample. 

Before selecting the number of samples, a pilot 
experiment was conducted on three patients who 
received scapula stabilization exercise using elastic 
bands and three patients who received scapula 
stabilization exercise using dumbbell.G-power program 
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analysis results for the sample size calculation showed 
test power of significance level (0.05) and effects size 
(1.46). The results indicated that 9 subjects in each 
group were appropriate to obtain 80% test power. The 
subject of this study is described in Table 1. 

Outcome Measurements

Before the experiment, muscle strength, range of 
motion(ROM) of shoulder joint and pain level, 
function level of shoulder joint of all subjects were 
evaluated at a preliminary test. The results of the 
training were measured on the day after the day on 
which all exercise programs were completed, and 
around 30 minutes to 1 hours was taken for the 
measurement of the results. The outcomes of the 
intervention were evaluated by using the dumbbell and 
elastic band and measuring the aim of data for the 
changes in the 2 exercises.

1) Shoulder joint range of motion (ROM)

A goniometer was used for ROM measurement of 
shoulder joint that is generally used by physical 
therapists when measuring joint angles (SPADI, ICC
＝.78~.82). The angle of shoulder joint abduction, 
flexion, external rotation and internal rotation were 
measured. ROM evaluation measured the joint angle 
after voluntary movement within a range of no pain 
for three times and the average value was used as the 
final measures. A 20-second resting time was given 
between each measurement. To minimize the impact 
from the order of measuring joint angles, the 

measurement was performed by randomly choosing the 
order [23].

2) Evaluation of muscle strength in shoulder joint 

As for the muscle strength in shoulder joint, muscle 
strength was measured in each case of flexion, 
abduction, external rotation and internal rotation of the 
shoulder joint. A hand-held dynamometer was used for 
the measurement(SPADI, ICC＝.89~.92). The muscle 
strength evaluation was measured before and after the 
scapula stabilization exercise. For the flexor muscle 
strength test, the patients performed 90 degree flexion 
of shoulder in a correct sitting position and were told 
to support the hand-held dynamometer put on the 
elbow joint for the measurement. For the abductor 
muscle test, the patients performed 90 degree abduction 
in a correct sitting position and were told to support 
the hand-held dynamometer put on the elbow. The 
external rotation and internal rotation was performed 
by putting pillow or towel on the upper arm of the 
patients in a prone position. For measuring the muscle 
strength in external rotation, elbow was in 90 degree 
flexion, shoulder was in 90 degree abduction and 90 
degree external rotation and the patients were told to 
support the hand-held dynamometer put on the 
proximal part of wrist joint. Similarly, for measuring 
the muscle strength in internal rotation, elbow was in 
90 degree flexion, shoulder was in 90 degree abduction 
and 90 degree external rotation and the patients were 
told to support the hand-held dynamometer put on the 
proximal part of wrist joint. All muscle strength 

Variable Dumbbell (n＝9)
Mean ± SD

Band (n＝9)
Mean ± SD

t
 

p

Age (y) 43.3±6.56 42.8±7.72 0.15 0.87

Career (y) 11.6±4.37 11.2±3.32 0.23 0.82

Duration of symptoms (m) 20.9±4.33 21.4±5.87 －0.21 0.83

Body Height (cm) 168.2±6.92 168.6±5.89 －0.85 0.40

Body Mass (kg) 68.4±5.71 71.1±8.17 －0.13 0.89

BMI (kg/m2) 24.18±2.11 25.11±3.49 －0.71 0.48

The values are presented mean (SD)
BMI: body mass index

Table 1. Subject characteristics
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evaluations were measured in a condition of isometric 
contraction for three seconds and the average from 
three times of measurements was used as a final value. 
A 30-second resting time was given between each 
measurement. To minimize the impact from the order 
of the test, muscle strength test was performed by 
randomly choosing the order [24].

3) Evaluation of upper limb pain and disability level

To evaluate the disability level in upper limb, 
shoulder pain and disability index (SPADI, ICC
＝.64~.66) that is frequently applied to patients with 
shoulder joint disease was used. This index consists of 
13 sub items, among which five items related to pain 
were measured where score of 0 indicated no pain and 
score of 10 indicated severe pain, giving a total score 
range between 0-50. There are eight items related to 
shoulder disability where score of 0 indicated no 
disability and score of 10 indicated inability to 
perform functions due to severe disability. In this 
study, SPADI score range was between 0-130 by 
adding the scores of shoulder joint pain and disability 
item [25]. 

Procedure and exercise

In this study, patients who satisfy the selection 
criteria were randomly divided into control group and 
experiment group beforehand. As for the classifying 
method, two small balls with numbers one (Dumbbell 
group) and two (elastic band group) written on them 
were put in a bag and the subjects picked up the ball 
whose number indicated their classification into either 
dumbbell group (10 patients) or elastic band group (10 
patients). Afterwards, each of hot pack and 
interferential current therapy was applied in a physical 
therapy room to both of dumbbell group and elastic 
band group once a day as a general physical therapy. 
Elastic band group performed scapula stabilization 
exercise using elastic bands, while dumbbell group 
performed the exercise using dumbbell. Both groups 
performed the exercise after applying the general 
physical therapy. After applying a daily 30-minute 
exercise for five days a week for a total of six weeks, 
ROM of shoulder joint, muscle strength and pain and 
function level were evaluated.

Intervention progression

Agents inphysical therapy(heat and electric) 

As for the agents in physical therapy, an 
intervention method commonly practiced on patients 
with pain that consists of 10-minute hot pack 
(Fomenting appliance, Peoples, China) at 80℃, 
15-minute interferential current therapy (MS-2500J, 
KMG, Korea) using 2000~2500Hz and 5-minute 
ultrasonic treatment(HS-502, HANIL TM, Korea) using 
0.8~1MHz were implemented for a total of 30 minutes 
[26].

Scapula stabilization exercise

The scapula stabilization exercise applied in this 
research consists of five-minute warm-up exercise, 
20-minute main exercise and five-minute wrap-up 
exercise, referring to the exercise method implemented 
by De Mey (2012) [10]. Damage from the exercise 
program was prevented by performing stretching for 
five minutes during the warm-up and cool-down 
exercises. In this scapular stabilization exercise was 
performed in the same way as the motions mentioned 
in Table 2 using other tools such asthera-bands and 
dumbbells. The exercise program that was implemented 
as a main exercise consists of prone lateral extension 
(1), forward flexion in sidelying (2), external rotation 
in sidelying (3), and prone horizontal abduction with 
external rotation (4) (Table 2). Each exercise was 
implemented for 10-15 times for three sets follow the 
training sessions and 1-minute resting time was given 
between each set. The scapular stabilization exercise 
program was progressively increased repetitions during 
6-week exercise program. Subjects were asked to 
perform three sets of 10 repetition during the first and 
second weeks, progress to three sets of 15 repetitions 
during each session in the third and four week, 
progress to three sets of 20 repetitions during the five 
and six week. Table 2 describes the detailed 
explanation about the exercise method. In this study, 
the scapula stabilization exercise was implemented for 
six weeks since this period is known to have the most 
significant improvement[27]. Before starting the 
exercise program, the therapist educated the subjects 
about four exercises pictures and explanation manual. 
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The exercise was implemented on the damaged side 
shoulder of all subjects. Each exercise was repeated 
for 10 times in each set and the set was performed for 
three times, with a one-minute resting time between 
the sets. The initial intensity was determined for each 
individual through the 10 repetition maximum (RM) 
testing[28]. In the week before the experiment, the 10 
RM load was assessed for each subject by determining 
the maximum weight that could be performed for 10 
consecutive repetitions. Dumbbell and elastic band 
with different resistance are provided to the subjects 
and 10 RM test conducted to identify the resistance 
with an appropriate, individualized resistance. If the 
subject could not accomplish the 10RM on the first 
attempt, the load adjusted by 1-5 kg, and a minimum 
of 5 minutes of rest was given before the next 
attempt. 10 RM test was performed 10 repetition of 

exercise using acceptable resistance of dumbbell or 
elastic band. 10 RM test was measured for all 
exercises in exercise program, to determine the load. 
The subjects familiarized themselves with the physical 
therapist by performing each exercise to 10 RM test. 
A therapist supervised the whole exercise process from 
the side during the exercise to control exact motion 
pattern and intensity.

Statistical analysis

All data were analyzed using statistics program 
PASW statistics ver. 18.0 (SPSS, Chicago, IL, USA) 
for Windows. Descriptive statistics were analyzed to 
examine the general characteristics of research 
subjects, which were presented in mean, standard 
deviation. Normality was examined using One-sample 

Exercise name of exercise method exercise time

Warm-up exercise stretching exercise pectoralis minor and posterior shoulder stretching and 
pain-free AROM in flexion and abduction standing 

5 minute

 prone lateral extension The subject is prone with the shoulders resting in 90 
degree of forward flexion. From this position, the 
subject performs lateral extension to a neutral position 
with the shoulder in neutral   rotation. 

5 minute

main exercise Forward flexion The subject is in a side-lying position, with the shoulder 
in neutral. The subject performs 90 degree of unilateral   
forward flexion in a sagittal plane.

5minute

 External rotation The subject is side lying with the shoulder   in neutral 
position and the elbow flexed 90 degree. From this 
position, the   subject performs 90 degree of external 
rotation of the shoulder with a towel   between the elbow 
and trunk to avoid compensatory movements.

5 minute

 Prone horizontal 
abduction with 
external   rotation

The subject is prone with the shoulders   resting in 90 
degree of forward flexion. From this position, the 
subject   performs horizontal abduction to a horizontal 
position, with an additional   external rotation of the 
shoulder at the end of the movement.

5 minute

Cool-down 
exercise

stretching and ROM 
exercise

pectoralis minor and posterior shoulder   stretching, 
thoracic spine self-mobilization into extension, and 
pain-free   AROM in flexion and abduction standing

5 minute

The values are presented mean (SD)
BMI: body mass index, ROM: range of motion, AROM: active range of motion

Table 2. Scapular stabilization exercise program
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Kolmogorov-Smirnov test. Descriptive statistics were 
performed to illustrate the subject characteristics of 
age, career, duration of symptoms, body height, body 
mass and BMI were analyzed using independent t-test 
to determine if differences between the groups existed. 
Independent t-tests were used to compare differences 
between group means and paired t-test was used to 
compare within group means. For the analysis of 
statistical significance, a significance level was set at p 
＜0.05. 

Results

The findings of ROM, muscle strength, pain level 
and functional level scores are presented in Figures 
1-3. There were no significant differences in all 
dependent variables between groups at the baseline. 
After the intervention, in both groups, all dependent 
variables at the 6-week post-test significantly improved 
compared with the pre-test. Significant differences in 
the post-test values were observed for SPADI function 
score and SPADI total score. The range of shoulder 
abduction increased significantly by 50.09% in the 
dumbbell group and 59.64% in the elastic band group. 

The range of shoulder flexion increased significantly 
by 5.10% in the dumbbell group and 5.59% in the 
elastic band group. The range of shoulder internal 
rotation increased significantly by 29.93% in the 
dumbbell group and 35.54% in the elastic band group. 
The range of shoulder external rotation increased 
significantly by 22.66% in the dumbbell group and 
37.11% in the elastic band group. The power of 
shoulder abduction increased significantly by 28.45% 
in the dumbbell group and 52.21% in the elastic band 
group. The power of shoulder flexion increased 
significantly by 13.48% in the dumbbell group and 
40.38% in the elastic band group. The power of 
shoulder internal rotation increased significantly by 
25.58% in the dumbbell group and 44.93% in the 
elastic band group. The power of shoulder external 
rotation increased significantly by 33.28% in the 
dumbbell group and 65.37% in the elastic band group. 
The score of SPADI pain reduced significantly by 
39.39% in the dumbbell group and 47.88% in the 
elastic band group. The score of SPADI function 
reduced significantly by 17.08% in the dumbbell 
group and 31.57% in the elastic band group. The total 
score of SPADI reduced significantly by 23.99% in 
the dumbbell group and 36.71% in the elastic band 

Figure 1. Difference of ROM (mean ± standard deviation) between pre-test and post-test within the two groups. 

The asterisks (*) indicate significant differences between the pre-test and post-test (p＜.05).



Figure 3. Different of pain and functional level (mean ± standard deviation) between pre-test and post-test within the 
two groups. The asterisks (*) indicate significant differences between the pre-test and post-test, and the cross (†) 
indicates a significant difference between the post-tests after the 6-week training (p＜.05).
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group.

Figure 2. Different of muscle power (mean ± standard deviation) between pre-test and post-test within the two 
groups. The asterisks (*) indicate significant differences between the pre-test and post-test (p＜.05). 
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Discussion

This study was conducted to investigate whether 6 
week dumbbell exercise or elastic band exercise can 
change ROM, muscle strength and pain level and 
functional level of shoulder. This study indicates that 
the six week exercise, both groups showed significant 
differences in the ROM, muscle strength, pain level 
and functional level of shoulder compared with the 
baseline with simple and inexpensive exercise 
equipment. Between the post-test values, elastic band 
exercise group demonstrated significant increase for 
function of shoulder compared with the dumbbell 
group (p＜0.05).

All range of the shoulder significantly improved in 
both groups following training. In addition, in the 
elastic band group, abduction, flexion, internal rotation, 
external rotation improved by 9.3, 8.76, 15.78, and 
38.93%, respectively, compared with the dumbbell 
group. In general, excessive activation of the upper 
trapezius with decreased adjustment the lower trapezius 
and the serratus anterior leads to abnormal motion and 
limitation of shoulder movement. Many studies 
reported that excessive activation of the upper 
trapezius combined with decreased control the lower 
trapezius and serratus anterior contribute to abnormal 
scapular motion [29]. Altered scapular positioning and 
motor control are lead to shoulder impingement 
syndrome as important risk factors [30, 31]. Our study 
performs four exercises that focused on muscle balance 
and UT (upper trapezius) / LT (Lower trapezius) ratio. 
The three exercises (prone lateral extension, external 
rotation, horizontal abduction with external rotation) of 
our study were reported that with a low UT/LT ratio 
[32] and horizontal abduction with external rotation 
exercise was activated middle and lower trapezius[33]. 
The horizontal abduction with external rotation 
exercise frequently is promoted for optimal shoulder 
rehabilitation [34, 35]. Townsend et al [35] as well as 
Moseley et al [36] included this exercise in their 
selection for glenohumeral and scapulothoracic muscle 
strengthening programs. Cools et al [32] suggested that 
side-lying external rotation and side-lying forward 
flexion are recruit the middle trapezius with minimal 
activity in the upper trapezius. Also, the side-lying 

external rotation exercise enhances activity in the 
supraspinatus, infraspinatus, teres minor, and posterior 
deltoid [35]. De Mey et al [10] reported that overhead 
athletes with impingement symptoms show decreased 
activity in the lower trapezius and middle trapezius 
with excessive activation of the upper trapezius after 
scapular muscle rehabilitation exercise [37]. The 
scapular stabilization exercise is used to correct 
abnormal scapular placement and functional movement 
disorder and especially provides stability to entire 
scapula [38]. This mechanism leads to increased range 
and reduced pain of shoulder. Therefore, both groups 
improved range of the shoulder. Also increase of 
shoulder ROM may be due to reducing shoulder pain 
in patients. In our study, the both groups significantly 
improved in pain index of SPADI after 6-weeks 
training. Elastic band training is performed at a 
low-to-moderate intensity following length of band. 
Many studies have reported that muscle strength and 
endurance capacity can be improved following elastic 
resistance training [39]. Elastic band training produced 
less muscle hypertrophy than weight machines and 
induced minor changes in muscle fiber size and 
fiber-type composition compared with high-intensity 
resistance training [40]. Thus, elastic band group may 
be improve function of shoulder.

All power of the shoulder significantly improved in 
both groups following training. In addition, in the 
elastic band group, abduction, flexion, internal rotation, 
external rotation power improved by 45.5, 66.61, 
43.06, and 49.08%, respectively, compared with the 
dumbbell group. The restoration of muscle imbalance 
is a result of training, as increased strength leads to 
increased muscle activation with lower part of 
trapezius [41]. Also, previous studies reported that 
strengthening of rotator cuff and scapulothorasic 
muscles is important in rehabilitation of patients with 
shoulder impingement syndrome [42]. Thus, exercises 
of our study may be improved for restoration of both 
muscle imbalances. The Baskurt et al [9] reported that 
patients with shoulder impingement syndrome improved 
strengths of rotator cuff and scapular muscle after 
6-week scapular stabilization exercise. They suggested 
that increased strength caused by effect of providing 
glenohumeral rhythm, increasing the subacromial space 
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and decreasing pain. In our study, the scapular 
stabilization exercise program was progressively 
increased repetition follow the training sessions. The 
progressive resistance exercise have beneficial effects 
such as muscle performance, connective tissue and 
bone [43, 44]. May studies within the patients with 
shoulder impingement syndrome have demonstrated 
positive effects of exercise interventions on muscle 
strength [45]. Lombardi et al [46] divided 60 patients 
with shoulder impingement syndrome into two groups 
of 30 patients and applied the progressive resistance 
exercise program to patients with shoulder impingement 
syndrome for twice a week for 2 months. When the 
training was completed, the progressive resistive 
exercise group displayed improved strength.

All score of the SPADI significantly improved in 
both groups following training. In addition, in the 
elastic band group, pain score, function score and total 
score of SPADI reduced by 17.73, 45.89, and 34.64%, 
respectively, compared with the dumbbell group. The 
improvement in function may be related to an 
improvement regarding pain and strength. The 
intervention focused on scapular stabilizing muscle is 
commonly applied for the patients with shoulder 
impingement syndrome [47]. De Mey et [10] al 
reported that the scapular muscle rehabilitation 
exercises similar to exercises of our study for 6-weeks 
improve pain and function based on SPADI scores. 
The results of elastic band group indicate that a 
6-week scapular stabilization exercise significantly 
improved function based on SPADI scores than 
dumbbell group. Anderson et al [22] investigated that 
the sixteen healthy female workers measured muscle 
activation during resistance exercises of upper-extremity. 
Anderson et al suggested that dumbbell and elastic 
band with regard to muscle activation showed clear 
similarities. The results of our study showed similar 
effect of exercise with dumbbell and elastic band. 
Although Anderson’s study not specifically investigated, 
differences of dumbbell and elastic band, it may some 
differences exist. The function based on SPADI scores 
significantly improved in elastic band group than 
dumbbells groups. Elastic band provide increasing 
resistance with elongation, while dumbbells provide 
isotonic resistance [48].  

There are few limitations in this study. First, the 
results of follow-up measures were not performed, thus 
the carry-over effect of both exercises could not be 
determined. Second, the subjects and examiner were 
not blinded to the group allocation. The examiner 
supervised all exercise sessions and all measurements. 
Third, our results should not be generalized to all 
patients with shoulder impingement syndrome. The 
patients in this study were adults with chronic 
impingement syndrome, thus are not a representative 
sample of patients with shoulder impingement 
syndrome. Finally, the interventions in our study 
included four exercises. Therefore, it would be 
impossible to determine which exercise of the 
interventions led to the improvements.

Conclusion

This study compared the effects of dumbbell and 
elastic band exercise on the ROM, strength, pain and 
function in patients with shoulder impingement 
syndrome. Our finding suggests that elastic band 
exercise is beneficial for improving function based on 
SPADI scores. The elastic band training may be 
effective methodology using low-to-moderate intensity 
resistance. The results of our study will provide useful 
information for future studies on more effective 
methodology of improving the shoulder function of 
patients of shoulder impingement syndrome are 
needed.
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