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were significantly improved compared to the control group (P<0.05).
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Background

The shoulder plays an extremely important role in daily life 
and is the joint with the greatest motion range and flexibili-
ty in humans. Shoulders are easily injured by external forces. 
Rotator cuff injury is one of the most common shoulder inju-
ries. For shoulder dysfunction resulting from rotator cuff inju-
ry (RCI), traditional rehabilitation therapy is often applied to 
the specific shoulder joint, called the glenohumeral joint. The 
overall condition of the shoulder joint is seldom considered, 
so it is difficult for therapists to achieve the best curative ef-
fect in daily treatments. There have been few reports on scap-
ula training exercise for shoulder joint rehabilitation therapy 
in China. Internationally, there have been several handbooks 
published on scapula training exercise for patients with shoul-
der joint injury, such as the USA’s HSS (Hospital for Special 
Surgery), which emphasized the role of scapula motions in 
shoulder function [1]. Medical technology has been devel-
oped for minimally invasive shoulder joint surgery, and rota-
tor cuff injury prostheses help patients return to work, thus 
relieving the economic and social pressures, and early reha-
bilitation therapy is beneficial [2]. New therapeutic techniques 
such as radial shockwave therapy also promoted the function-
al recovery of patients with RCI [3]. In the present study, we 
compared the effects of normal rehabilitation therapy and 
additional scapular therapeutic exercise in patients with dys-
function caused by RCI.

Material and Methods

Clinical observation

We enrolled 46 patients who were admitted to Xuzhou 
Rehabilitation Hospital and diagnosed with RCI from June 
2016 to June 2018. The study was approved by the Institutional 
Medical Ethics Committee of Xuzhou Rehabilitation Hospital 
(No. 20160601001). The inclusion criteria were: (1) patients 
diagnosed with RCI by MRI with clinical signs after shoulder 

dysfunction resulting from external injury; (2) the degree of 
RCI could be divided into partial-thickness injury and full-thick-
ness injury; and (3) the patients had received arthroscopic re-
pair of RCI and repair of small-incision RCI.

The exclusion criteria were: (1) previous scapula dysfunction; 
(2) shoulder joint activity disorders resulting from central nerve 
injury or peripheral nerve injury; (3) external injury combined 
with upper-limb fracture; and (4) other diseases and were not 
suitable for rehabilitation therapy.

After providing signed informed consent, patients were ran-
domly divided into the experiment group and the control group 
using a random number table, and there was no statistically 
significant difference between the 2 groups in sex, age, dis-
ease course, and other general information (P>0.05). The rel-
evant data are shown in Table 1.

Therapeutic method

Patients in both groups were treated with a rehabilitation 
program implemented after conventional RCI repair, includ-
ing the conventional therapeutic exercise and physical thera-
py, and the scapula training exercise was specifically added to 
the experiment group. The study profile is shown in Figure 1.

(1) �Conventional therapeutic exercise [4,5]: The immobiliza-
tion rehabilitation training was performed by patients dur-
ing weeks 0 to 4 after the operation to protect the injured 
shoulder. Active exercises of the elbow, wrist, forearm, 
and finger joints were performed 1–2 times a day and for 
10–15 min each time to avoid complications such as mus-
cle atrophy and synarthrophysis. Longitudinal contraction 
exercises of muscles around the shoulder joint were per-
formed starting 1 week after the operation, and Codman 
pendulum exercises were performed by patients who had 
pain-free ROM. We required that the exercises be passive 
and the shoulder joint could move in a small range in all 
directions, and the exercises were conducted for 2–3 times 

Groups n

Sex (cases)
Age 

(years)

Disease 
course
(days)

Operative method (cases) Degree of injury (cases)

Male Female Arthroscopy 
Small-incision 

operation 
Partial 
tear

Full-thickness 
tear

Experiment 
group

23 14 9 37.65±8.34 21.21±10.94 15 8 16 7

Control 
group

23 12 11 36.50±10.59 22.92±11.57 16 7 17 6

c2/t c2=0.354 t=3.546 t=0.894 c2=0.099 c2=0.107

p 0.552 0.458 0.853 0.753 0.743

Table 1. General information of patients in the 2 groups (c
_
±s).
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a day and for 15–20 min each time. The protective reha-
bilitation training was performed during weeks 4 to 6 af-
ter the operation. The main therapeutic goal in this stage 
was to improve the motion range of joints and to increase 
the strength of muscles around the shoulder joint. To im-
prove joint ROM, actively assisted joint motion training was 
performed by patients in supine position using gymnastics 
bars. To increase muscle strength, the patients performed 
submaximal exercises to strengthen the scapulohumeral 
muscles, along with other lengthening contraction training 
and closed-chain shoulder joint stability training. Training in 
activities of daily life were performed in a pain-free range 
2–3 times a day for 15-20 min each time. The rehabilita-
tion training to increase function and muscle strength was 
performed 6–12 weeks after the operation. The main objec-
tive during this period was to recover full shoulder ROM, to 
gradually perform joint strength training and resume low-
intensity activities of daily living, with the anteflexion de-
gree of the shoulder joint within 90°.

The gymnastics bars continued to be used for shoulder joint 
anteflexion exercise, outreach, and internal and external ro-
tation, and the patients also used shoulder pulley, shoulder 
ladder, and shoulder joint rotation training equipment to as-
sist training as long as it did not cause shoulder joint pain [6]. 
If patients had obvious joint disorders, joint mobilization was 
first performed to distract the articular surface [7] by grade II 
massage with the glenohumeral joint in resting position. If the 
pain worsened, the massage was reduced to grade I massage. 
If patients had no discomfort and extra joint movement was 
carried out, the massage was increased to grade III-IV massage, 

and the training was performed once every other day or once 
a day, and the training time was 15–20 minutes each time.

(2) �Physical therapy: Cold therapy: the ice and water mixture 
liquor was poured into a water bag to ice the shoulder 
joint for 5–20 minutes 0–4 times per weeks after the op-
eration. Ultrasound therapy: ES-2 type ultrasonic treatment 
apparatus invented by OG Giken Company was used 4–12 
weeks after the operation with 1MHz of frequency, 50% of 
pulse output, and 1.5–2.5W/cm2 of dosage and with mov-
ing method used for 5–10 minutes each time. Herb steam 
therapy: the XZQ-V type gassing machine produced by 
Changzhou Zhengrong was used for patients 6–12 weeks 
after the operation, and the following Chinese herbal medi-
cines were selected and added into 1000 ml water for boil-
ing: 20 g garden balsam stem, 20 g lycopodium clavatum, 
20 g clematis chinensis, 20 g artemisia anomala, 20 g flos 
carthami, 20 g folium artemisiae argyi, 20 g ground bee-
tle, 20 g gentiana macrophylla, 20 g rhizoma chuanxiong, 
and 20 g long pepper. The affected body part was exposed 
to steam for 30 minutes for each day after the water was 
poured into the vaporizer [8].

Scapula training exercise: Patients performed training of range 
of scapula motion 2 weeks after the operation, and the pas-
sive activity training of the scapula was first conducted on 
the surface of scapula. If scapula motion was obviously re-
stricted, the patients held the arm in a neutral lateral posi-
tion with the help of a pillow, and the physiotherapist placed 
one hand on the shoulder joint places the other hand in the 
inferior angle of the scapula to assist in exercise of elevation, 

Assessed for eligibility (n=46)

Allocation

Follow-Up

Analysis
Analysed (n=23)

Clinical evaluation: CMS, VAS, ROM
• After 6 weeks (n=23)
• After 12 weeks (n=23)

Experiment group (n=23)
• Conventional exercises therapy (0–12 week)
• Cold therapy (0–4 week)
• Ultrasound therapy ( 4–12 week)
• Herb steam therapy ( 6–12 week)
• Scapula exercies (2–12 week)*

Analysed (n=23)

Clinical evaluation: CMS, VAS, ROM
• After 6 weeks (n=23)
• After 12 weeks (n=23)

Experiment group (n=23)
• Conventional exercises therapy (0–12 week)
• Cold therapy (0–4 week)
• Ultrasound therapy ( 4–12 week)
• Herb steam therapy ( 6–12 week)
• Scapula exercies (2–12 week)*

Figure 1. Study profile.
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subsidence, protraction, rear protraction of the scapula in the 
walls of the chest in the pain-free range. At the same time, 
the mild scapula separation and drawing exercise was added 
to improve scapula flexibility, and then the patients performed 
scapula adduction and outreach activity training with scapu-
la plane in supine position, as well as the resistance training 
by corresponding massages after the activity of patients was 
improved. If possible, the patients performed the above-men-
tioned training gradually in sitting position. The patients start-
ed strength training of muscles around the scapula 4 weeks 
after the operation. The massage resistance training was first 
added to the range of motion training, and anterior drawer 
and rear protraction resistance training was carried out with 
the help of physicians to assist strength training of the ser-
ratus anterior muscle. If possible, the patients increased the 
rotator cuff muscle strength by internal and external rotation 
with the help of an elastic strap while standing. The scapula 
stability training was added to the training of motion range 
and muscle strength 6 weeks after the operation, and the dy-
namic closed-chain training could be selected. For instance, 
the yoga ball stability training could be carried out with the 
table leaning at an angle of 45°, and the yoga ball was first 
pushed down to support weight upon 60° anteflexion of both 
shoulders, and the angle of the treatment table was gradu-
ally changed until the anteflexion degree of both shoulders 
reached 90°, and then the patients could support their weight 
with only one arm [9]. The above-mentioned scapula training 
exercise should be performed once a day or once every other 
day according to the condition of the patient. The course of 
the above-mentioned treatment lasted for 3 months.

Evaluation criteria

The evaluation and comparison of patients in both groups be-
fore treatment and at 6 and 12 weeks after the operation were 
carried out using the Constant-Murley shoulder joint function 
scale (CMS), visual analogue scale (visual analogue scale, VAS), 
and the range of shoulder joint anteflexion, backward exten-
sion, and active outreach movement, respectively.

(1) �The Constant-Murley shoulder joint function scale (CMS) 
is used for overall evaluation of shoulder joint function. 
Since its introduction in 1987, the scale has been adopt-
ed by the European Shoulder Joint Association as a shoul-
der joint function scale [10] and is widely used through-
out the world. The highest possible score is 100 points (15 
points possible for pain, 20 points possible for daily activ-
ity, 40 points possible for shoulder joint motion, and 25 
points possible for strength. The objective evaluation index 
includes the range of shoulder joint motion and strength 
test (65 points in total), and the subjective evaluation in-
dex includes pain and daily activity (35 scores in total), 
with higher scores indicating better shoulder joint function.

(2) �The visual analogue scale (VAS) is widely applied in clinical 
pain assessment for its simplicity and unambiguousness. 
It can sensitively reflect the changing process of patient 
pain [11] and is becoming a recognized scale for evaluat-
ing the degree of pain. The lowest score is 0, which means 
painless, and the highest score is 10, which means severe 
pain. Patients can mark the degree of pain on the line that 
reads 0–10 points according to their own pain condition. A 
higher score indicates more pain.

(3) �For detection of the range of shoulder joint motion, when 
the universal goniometer is used to detect the anteflexion 
and rear protraction of patients who are seated or stand-
ing, the acromion of the lateral surface of the humerus is 
considered as the axis, and the fixed arm should be aligned 
with the body (midaxillary line) and the moving arm should 
keep balance with humeral shaft. When abduction is de-
tected, the rear acromion is considered as the axis, and the 
fixed arm should be parallel to the body (spine) and the 
moving arm should be parallel to the humeral shaft [12]. 
The above evaluation and detection were completed by the 
same person before and after the treatment.

Statistical analysis

IBM SPSS19.0 statistical software was used to carry out sta-
tistical analysis. Enumeration data were assessed using the 
chi-square test. Quantitative data are expressed as mean 
standard deviation (c

_
±s). Data were tested by normality test 

method and homogeneity test for variance. According to the 
features of data, the intra-group comparison was tested by 
the paired-samples t test, the comparison among groups was 
tested by the independent samples t test, and nonparamet-
ric tests were used to deal with unmatched data, and a=0.05 
represents inspection level and the level of significance is set 
at 0.05 for all analysis and 95% confidence intervals (CIs) are 
reported for each date.

Results

Intra-group comparison of experimental group and control 
group

After 6 and 12 weeks of treatment, CMS (pain, daily activity, 
range of activity, strength test, total scores), VAS score, and 
shoulder ROM (flexion, abduction, rear extension) in both 
groups were significantly improved as compared with those 
before treatment, and the difference had statistical signifi-
cance (P<0.05). After 12 weeks of treatment, the CMS (daily 
life, range of activities, total scores) was significantly improved 
compared with 6 weeks later (P<0.05). CMS (pain and strength 
test) was improved compared with that after 6 weeks, and the 
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difference has statistical significance (P<0.05). After 6 and 12 
weeks of treatment, the VAS score and the ROM of shoulder 
joint (anteflexion, abduction, rear extension) were significantly 
improved as compared with those before treatment (P<0.05), 
and the effect after 12 weeks treatment was better than that 

after 6 weeks treatment (P<0.05). The corresponding results 
are shown in Tables 2 and 3.

Groups n

Pain Daily activity

Prior 
treatment

After 6 weeks of 
treatment

After 12 weeks 
of treatment

Prior 
treatment

After 6 weeks of 
treatment

After 12 weeks 
of treatment

Experiment group 23 5.65±3.47 11.09±2.99 13.04±2.50 8.22±2.01 11.48±2.84 16.35±2.67

Control group 23 5.65±2.74 8.48±2.35 11.09±2.63 7.09±1.95 8.96±1.33 13.13±1.58

t 0.000 3.283 2.608 1.907 3.853 4.973

p 1.000 0.002 0.012 0.063 0.000 0.000

Table 2. Comparison of CMS scores between the 2 groups before and after treatment (scores, c
_
±s).

Groups n

Range of motion Strength test Total scores

Prior 
treatment

After 6 
weeks of 
treatment

After 12 
weeks of 
treatment

Prior 
treatment

After 6 
weeks of 
treatment

After 12 
weeks of 
treatment

Prior 
treatment

After 6 
weeks of 
treatment

After 12 
weeks of 
treatment

Experiment 
group

23 10.61±2.52 20.78±3.18 32.35±3.28 16.09±2.59 20.22±2.37 22.17±2.53 40.57±9.35 63.57±8.95 83.48±6.99

Control 
group

23 10.78±2.23 17.65±2.23 27.83±3.24 15.00±3.02 19.57±2.09 20.00±1.51 38.52±8.33 54.65±5.91 72.70±6.57

t –0.248 3.870 4.699 1.311 0.990 3.536 0.783 3.984 5.390

p 0.806 0.000 0.000 0.197 0.328 0.001 0.438 0.000 0.000

Groups n

VAS (scores) Anteflexion (°)

Prior 
treatment

After 6 weeks of 
treatment

After 12 weeks 
of treatment

Prior 
treatment

After 6 weeks of 
treatment

After 12 weeks 
of treatment

Experiment group 23 6.17±1.03 3.70±0.64 1.30±0.47 41.91±10.79 75.00±10.87 137.74±19.04

Control group 23 6.00±0.85 4.26±0.62 2.39±0.50 41.78±9.08 63.48±8.85 103.91±11.77

t 0.624 -3.056 –7.601 0.044 3.942 7.248

p 0.536 0.004 0.000 0.965 0.000 0.000

Groups n

Abduction (°) Rear extension (°)

Prior 
treatment

After 6 weeks of 
treatment

After 12 weeks 
of treatment

Prior 
treatment

After 6 weeks of 
treatment

After 12 weeks 
of treatment

Experiment group 23 38.96±7.19 65.00±8.74 128.57±14.53 11.48±3.30 16.61±2.13 31.74±4.31

Control group 23 39.17±8.17 56.30±8.12 101.87±10.96 11.26±2.97 16.09±2.91 25.78±3.04

t –0.096 3.479 7.035 0.235 0.695 5.415

p 0.924 0.001 0.000 0.816 0.491 0.000

Table 3. Comparison of VAS score and shoulder joint ROM score between the 2 groups before and after treatment (c
_
±s).
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Comparison between experimental group and control 
group

There was no significant difference in CMS (pain, daily activi-
ty, range of activity, strength test, total score), VAS score, and 
shoulder ROM (anteflexion, abduction, rear extension) be-
tween the 2 groups before treatment (P>0.05). After 6 weeks 
of treatment, the CMS (pain, daily life, range of activity, total 
scores), VAS score, and shoulder range of motion (anteflex-
ion) in the experimental group were significantly better than 
those in the control group (P<0.05). There was no significant 
difference in CMS (strength test) and shoulder ROM (abduc-
tion, rear extension) (P>0.05). After 12 weeks of treatment, 
the CMS (pain, daily life, range of activity, strength test, total 
scores), VAS score, and shoulder range of motion (anteflexion, 
abduction, rear extension) in the experimental group were sig-
nificantly better than those in the control group, and the dif-
ference had statistical significance (P<0.05). The correspond-
ing results were shown in Tables 2 and 3.

Discussion

The rotator cuff is composed of supraspinatus muscle, infraspi-
natus muscle, teres minor, and tendon of subscapularis mus-
cle and it is attached to the large and small nodules of the 
proximal humerus in the shape of a sleeve, which increases 
the stability of the glenohumeral joint. In addition, the rota-
tor cuff also plays an important role in stability and function 
of the shoulder joint. The passive tension of the rotator cuff 
can cause extrusion stress on the surface of the glenohumeral 
joint. Because the concavity-compression mechanism provides 
stability for the shoulder joint, the synchronous and active con-
traction of rotator cuff muscles in the process of movement 
keep the position between the joint surface relatively constant. 
RCI is the most common shoulder joint degenerative disease. 
In addition, patients with RCI account for 17–41% of the pop-
ulation, which leads to a higher possibility of disability [13]. 
The scapulothoracic joint has no real joint anatomy, but the 
combination of the bones and the location of scapula in the 
chest wall provides the foundation for movement of the gle-
nohumeral joint, which plays a significant role in the recovery 
of shoulder joint function of patients with RCI. The main ob-
jective of the present study was to assess the functional re-
covery of patients with shoulder joint disorders resulting from 
rotator cuff injury [14]. Usually, rehabilitation only focusses on 
the shoulder joint itself and neglects the important role of the 
scapula in shoulder joint disorders, and joint mobilization can 
only deal with the glenohumeral joint itself. Therefore, we ex-
plored whether scapula movement, strength training of mus-
cles around the scapula, and stability training of the scapu-
la significantly alleviate shoulder pain resulting from RCI and 
improve shoulder joint disorders.

The movement and position of the scapula play an impor-
tant role in shoulder joint function. Solem-Bertoft and many 
other scholars [15] evaluated patients in sitting position and 
the position of the scapula before the patients were treated 
by physicians. For instance, the forward posture of the scap-
ula might be aggravated in the forward posture of the chest, 
head, and neck resulting from pain, and the posture might 
worsen infrascapular stenosis and infrascapular rotator cuff 
tendinopathy, thus resulting in aggravation of pain. Ludewig 
and many other scholars made an analysis of the motion co-
ordination system of healthy people’s scapulas as well as the 
forward spin and downward spin of the scapula in 2009 [16] 
and 2010 [17], which indicated that the normal movement 
and correct position of the scapula play an important role in 
shoulder joint function. The results of this research also indi-
cated that shoulder ROM in the experimental group after 12 
weeks of treatment was significantly improved compared to 
the control group (P<0.05).

Liu Xiaohua and many other scholars [18] suggested apply-
ing isometric strength training to patients treated with calcif-
ic rotator cuff tendinitis after shoulder injury surgery 2 weeks 
after the operation, and to apply resistance training 6 weeks 
after the operation, as long as the strength training does not 
aggravate the shoulder pain. Escamilla [19], Horsley [20], and 
many other scholars put advocated scapulohumeral muscle 
strength training, especially training of rotator cuff muscles, 
which help improve glenohumeral joint stability, expanding 
shoulder ROM, and improving the curative effect of patients 
with scapula glenoid labrum tear.

Tsuruike and many other scholars [21] showed that long-term 
shoulder immobilization can lead to serratus anterior muscle 
fatigue, which reduces the rotation degree and extension de-
gree of the scapula and leads to forward lead and up-lifting 
of the humerus head, thus resulting in secondary acromion 
impact injury and rotator cuff tears. In addition, the muscle 
group in the middle and lower part of the serratus anterior 
muscle keep the normal lacuna of the subacromial joint upon 
outreach of the humerus, which helps shoulder joint outreach, 
so it was necessary for patients to receive rehabilitation train-
ing to repair the muscles around the scapular after shoulder 
joint immobilization, especially the serratus anterior muscle. 
The patients in the experimental group of this research were 
treated with strength training of muscles around the scapu-
la and performed closed-chain stability training based on the 
normal rehabilitation therapy. We found that the patients in 
the experimental group had better results than patients in 
the control group in terms of shoulder joint pain, daily activ-
ity, and strength test, and the differences were statistically 
significant (P<0.05).
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In the assessments carried out 6 weeks after postoperative 
rehabilitation treatment, there was no significance difference 
between the 2 groups in terms of strength test and ROM of 
shoulder abduction and extension in CMS score (P>0.05). The 
reasons for this might include: firstly, the protective immobi-
lization rehabilitation was mainly performed after the early 
RCI operation, and the contents targeted for muscle strength 
training did not exist in the therapeutic schedule; secondly, the 
evaluation of strength test mainly refers to grading standard, 
including grades 0–5, and the slightest improvement in mus-
cle strength failed to be detected because of the approximate 
grading; thirdly, most patients with RCI have problems of su-
praspinatus, so a relatively conservative therapeutic schedule 
was necessary for the training of outreach activity.

In conclusion, physiotherapists need to first analyze the main 
causes of shoulder joint disorders in the later rehabilitation 
and treatment process, and then need to formulate a target-
ed rehabilitation and treatment schedule according to the 
cause of disease. However, scapula movement was neglect-
ed by most of our physicians in the daily rehabilitation and 
treatment; thus, the curative effect of rehabilitation and treat-
ment was not obvious, so physiotherapists were required to 
first analyze scapula movement to formulate a rehabilitation 

and treatment schedule for patients with shoulder joint dis-
orders. Especially for patients with early shoulder injury, the 
position and movement of scapula played an important role 
in shoulder joint function, and scapula movement in the early 
period, as well as expansion of range of scapula movement, 
have an important effect on the range of shoulder joint move-
ment. The results of the present study show that physiothera-
pists need to pay more attention to scapula exercise training 
in treatment of patients after RCI surgery to assure the max-
imum efficacy of rehabilitation and treatment.

Conclusions

The combination of standard rehabilitation interventions and 
scapula training exercises are an effective treatment of shoul-
der joint dysfunction after rotator cuff injury repair. However, 
increasing scapula training exercises has obvious advantages 
in improving the pain outcomes, scope of activities, and total 
scores of functional assessments.
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