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1. Introduction
The concept of frozen shoulder was first proposed by 

Codman in 1934. He called the weakened shoulder joint 
rotation activity or shoulder joint mucosal adhesion caused 
by various factors as frozen shoulder, and subsequent 
scholars classified it into specific factors and divided 
them into internal factors and external factors, and then 
divided it into primary frozen shoulder and secondary fro-
zen shoulder [1, 2]. Secondary frozen shoulder is mostly 
caused by intra-articular injury, extra-articular injury, joint 
capsule lesions, etc. On this basis, scholars have further 
conjectured that inflammatory factors may be related to 
the fibrosis of the shoulder joint and bursa [3, 4]. Current 
studies have shown that transforming growth factor and 
platelet-derived growth factor are one of the important 
promoting factors for joint capsule fibrosis. In addition, 
studies have shown that metalloproteinases are related to 
joint capsule fibrosis and synovial proliferation [5]. The 
increase of matrix metalloproteinases leads to the depo-

sition of extracellular matrix collagen, the reduction of 
collagen degradation, the accumulation of type I and type 
III collagen, the fibrosis of the joint capsule, and finally 
the symptoms of frozen shoulder [6]. At present, the treat-
ment of secondary frozen shoulder is mostly conservative 
treatment in the early stage and surgical treatment in the 
late stage [7]. Conservative treatment is mainly achieved 
by injecting steroids into the shoulder joint cavity, but the 
effect of conservative treatment is not significant and the 
cycle is relatively long. At the same time, patients need to 
pay attention to exercise activities to get a better effect [8]. 
However, late surgical treatment often leads to other inju-
ries in the shoulder joint such as rotator cuff, and superior 
labrum from anterior to posterior (SLAP) injury [9]. The-
refore, it is of certain urgency to elaborate on the patholo-
gical mechanism of secondary frozen shoulder and obtain 
new treatment methods through this.

Therefore, in the study, the rat secondary frozen shoul-
der model was established. Then the physiological cha-
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racteristics of the rat shoulder joint synovium tissue and 
vascular tissue and the expression of related genes were 
explored to determine the role of transforming growth 
factor in the rat secondary frozen shoulder model, which 
explains clinical mechanism of secondary frozen shoulder 
and lays a foundation for subsequent treatment.

2. Materials and Methods
2.1. Experimental animals and grouping

40 healthy SD rats (Hebei Medical University Animal 
Experiment Research Center) were selected, which were 
required to be healthy males, 8 weeks old, weighing 200-
300 g, with an average weight of 260±21 g.

SD rats were provided by Hebei Medical University 
Experimental Animal Centre. All experiments were per-
formed in accordance with the guidelines for the Care and 
Use of Experimental Animals (National Research Com-
mittee, 1996) and approved by the Ethics Committee for 
the Use of Experimental Animals of Hebei Medical Uni-
versity (approval no. Z2019-012-1; Hebei, China). The 
rats were raised in a clean environment at a room tempera-
ture of about 25°C and a relative humidity of about 60%, 
and allowed to eat and drink freely to adapt for one week. 
The rats were randomly divided into 4 groups, each with 
10 rats: Sham group, Control group, Low group, High 
group. The animal handling and experimental procedures 
during the experiment were in compliance with the Natio-
nal Laboratory Animal Standards.

2.2. Major instruments
The main experimental instruments included inverted 

fluorescence microscope (from Lecia, Wetzlar, Germany), 
fluorescence quantitative PCR instrument (Bio-rad, Her-
cules, CA, USA), cell culture plate (Corning, Corning, NY, 
USA), electronic analytical balance (Sartoyius, Germany), 
high-speed centrifuge (Bierlofuge, USA), and PCR instru-
ment (USA) Bio-rad Corporation, Hercules, CA, USA).

2.3. Construction of rat frozen shoulder model and 
group processing

The rat frozen shoulder model was constructed by 
exercise method [10]. The rats in Control group, Low 
group, and High group accepted adaptive training before 
the experiment was officially carried out so that the rats 
could accept training from slow to urgent on the set run-
ning platform. Pre-training lasted for three days, and lear-
ning lasted half an hour at the same time point. When all 
rats in the Control group, Low group and High group had 
mastered how to exercise on the treadmill, a formal model 
was constructed. In order to maximize the damage to the 
rat's shoulder joints during the model construction, the 
treadmill and the exercise were set at 13 r/min, which was 
the maximum speed that the rats could withstand during 
exercises. When the rat was running on the treadmill, its 
head should be lower than the tail, so as to ensure that the 
rat's front paw bore the maximum weight and maximize 
the damage to the rat's shoulder joint. In the formal experi-
ment, training was conducted for 2 hours at the same time 
every day, 6 times a week, and rats rested on Sunday. The 
training duration was 4 weeks in total. Sham group did not 
accept training.

On the basis of daily training, rats in Low group and 
High group were injected with different concentrations of 
transforming growth factor ((Rabbit anti-TGF antibody), 

America SantaCruz Biotechnology Inc.) into the shoulder 
joint cavity every week, Low group was injected with 10 
mL/d transforming growth factor, and High group was 
injected with 20 mL/d transforming growth factor, other 
operations were the same as Control group.

2.4. Evaluation index of the construction of frozen 
shoulder

Half of the rats in all groups were anesthetized, and 
0.35% pentobarbital sodium (0.3 mL / 200 g) was anesthe-
tized by ear margin intravenous injection. After the clip-
ping reflex and pupillary reflex disappeared, the left shoul-
der hair was cut off with ophthalmic scissors and the skin 
was disinfected with iodophor. It should put double-layer 
sterile operation sheet and perform hand washing with 
sterile gloves routinely. A surgical incision of 1 cm in the 
left shoulder was made to blunt the skin separation muscle 
and expose the supraspinatus muscle. The supraspinatus 
muscle was broken with ophthalmic scissors, the wound 
was washed with normal saline, and the wound was sutu-
red layer by layer. No treatment was done on the opposite 
side to avoid the effect of the wound incision on the move-
ment of the rat's opposite mesothelium. The modeling was 
successful, and the rats were kept in cages after rotator cuff 
injury. Penicillin was used for three consecutive days after 
surgery. After 4 weeks of normal feeding, both lateral slip 
membrane tissues were taken and stored in liquid nitrogen 
for reserve.

After four weeks of treadmill training, the rats in all 
groups were killed by asphyxiation, and the bilateral gle-
nohumeral joints of half of the rats in all groups were ta-
ken out and their range of motion was measured. The rats 
were fixed on the experimental table, the upper limbs were 
removed after the chest wall of the shoulder blade was cut 
off. Then the fur was removed, and the rat's shoulder blade 
was fixed on the edge of the square rat plate so that the gle-
nohumeral joint could move normally on the plate without 
being affected by the plate. The rat humeral head was used 
as a center to move the glenohumeral joint, a 10 g weight 
was hung on the humeri, and forward flexion and extension 
activities were performed on this basis. This activity was 
similar to the abduction of the human shoulder joint, and 
the scope of activity was recorded. Subsequently, the rats 
were in the neutral position, and the humeri were fixed. 
Then a 10g weight was hung on the forelimb and external 
rotation activity was performed under this traction. This 
activity was similar to the external rotation activity of the 
human shoulder joint abduction, and the range of motion 
and the degree of motion were recorded by a protractor.

2.5. HE staining and immunohistochemical staining
HE staining: 4 μm thickness synovium tissue and vas-

cular tissue sections were made, and the slices were taken 
out and copied. Then HE staining was performed, and the 
specific operations were as follows. The paraffin sections 
were dewaxed with xylene solution, dehydrated with gra-
dient alcohol for 5 seconds and then washed with water. 
After hematoxylin staining for 5-10 minutes, the excess 
dye solution was washed away, and then hydrochloric acid 
and glycolic acid were used for acidification. After that, 
the sections were dyed with eosin solution for 3-5 minutes 
to wash off the excess dye solution. The gradient ethanol 
was used for dehydration and clearing for 5 seconds. Then 
the slices were dried overnight. Finally, they were obser-
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Jinsiri Biotechnology Co., Ltd. (Nanjing, China). Β-actin 
was used as the internal reference gene to detect mRNA 
expression difference of genes MMP14 (upstream: 5'-TG-
GAGAAGAGGGCATTG-3'; downstream: 5'-TTTG-
GGACCTGAAGCACA-3), P-P38 MAPK (upstream: 
5'- AACAGGATGCCAAGCCATGA-3'; downstream: 5 '- 
GGATCGTGGTACTGGGCAAA -3'), VEGF (upstream: 
5'-CGGCGTCGCACTGAACT-3'; downstream: 5'- 
CAGCCCAGAACTTGGACGA-3'), β-actin (upstream: 
5'-TTGGGCTGTCCAGATGAGAG-3'; downstream: 5'- 
CACA CTAGCAGGTCGTCATCAT-3') .

2.7. Statistical analysis
In this experiment, the computer software Statistic 

Package for Social Science (SPSS) version 22.0 (IBM, 
Armonk, NY, USA) was used for analysis and processing, 
and the experimental data was expressed by mean stan-
dard deviation (mean ± SD). Variance analysis was used to 
compare the range of motion in each plane, and t-test was 
used to compare the range of motion in both glenohumeral 
joints. In addition, P<0.05 was statistically significant.

3. Results
3.1. The rat frozen shoulder model established

The maximum angle of activity of the glenohumeral 
joint abduction and external rotation of the rats in each 
group was measured, and the results are shown in Figure 
1. The results showed that compared with the Sham group, 
the abduction and external rotation angles in the Control 
group, Low group, and High group all had a significant 
decrease, and the difference was statistically significant 
(P<0.05). In the Control group, Low group, and High 
group, the abduction and external rotation angles of the 
Low group and the High group were significantly smaller 
than those of the Control group, and the High group had 
the smallest abduction and external rotation angles.

3.2. Staining results of HE immunohistochemistry
After HE staining, the synovium tissue of each group 

of rats was observed under an optical microscope, and the 
results are shown in Figure 2. In the Sham group, obvious 
folds can be seen in the synovial membrane of the rat joint 
capsule, and the folds were more abundant, the protrusions 
were clearly visible, there was a deeper interstitial groove 
at the protrusions, the synovial area was larger, and there 
was no obvious inflammatory cell infiltration in the cells. 
The overall structure of the cell was relatively complete, 
the boundary between the nucleus and the cytoplasm was 

ved and images were taken under an optical microscope.
Immunohistochemical staining was performed as fol-

lows. After 3 days of treatment, the rats in each group were 
sacrificed by 4% paraformaldehyde cardiac perfusion. The 
brain tissues of the rats in each group were obtained under 
aseptic conditions, and the paraffin sections of the brain 
tissues were prepared. Paraffin sections were taken from 
the brain tissues of each group and baked in an incubator 
at 60°C for 45 min. Then the rats were soaked in xylene 
I and xylene II solutions for 10 min and 15 min, respec-
tively. Tissues were soaked in 100% ethanol solution for 
2 min (twice), followed by 95%, 80%, and 75% ethanol 
solution for 2 min, and phosphoric acid buffer solution for 
5 min (three times). Meanwhile, 3% hydrogen peroxide 
deionized water was added to incubate them in a constant 
temperature box for 15 min, which was then washed with 
phosphoric acid buffer solution for 5 min (3 times). Tissue 
sections were treated with antigen repair in antigen repair 
boxes, followed by drops of 50 μL goat serum blocking 
solution, incubated in an incubator at 37°C for 30 min, and 
washed with phosphoric acid buffer for 5 min (3 times). 
Rabbit anti-mouse Caspase-3I antibody diluted with 1:200 
was added and incubated overnight in a 4°C refrigerator. 
The incubator was reheated for 30 min at 37°C, and anti-
body II was added. The incubator was incubated for 60 
min at 37°C, and the phosphoric acid buffer was washed 
for 5 min (3 times). The diaminobenzidine (DAB)solu-
tion (3% hydrogen peroxide deionized water: goat serum 
sealing solution =1:20) was used for color development, 
followed by hematoxylin restaining for 2 min, rinsed with 
tap water, and dehydrated with gradient ethanol solution. 
After transparent treatment in xylene solution for 10 min, 
the film was sealed with neutral resin. The cells with yel-
low-brown nuclei were regarded as positive cells, and the 
images were collected under an optical microscope. 

Western blot was performed as follows. Kidney tissues 
of rats in each group were washed with phosphoric acid 
buffer solution for 2 - 3 times. After tissue homogeniza-
tion, appropriate amount of lysate was added for proces-
sing, and sample proteins were collected. Protein quanti-
fication was performed using a BCA protein kit (Thermo-
Fisher, USA), followed by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) gel, protein 
sampling, electrophoresis, and transmembrane treatment. 
Diluted rabbit anti-mouse lipopolysaccharide binding 
protein (LBP) (1:500), CD14 (1:500), JNK (1:500), P38 
(1:500), and sheep anti-mouse β-actin (1:500) primary 
antibody (Bioworld Technology, USA) were added and 
incubated overnight in a 4°C refrigerator. Goat anti-mouse 
IgG (1:1000) was added and incubated for 1 h at room 
temperature. The chemiluminescence of protein bands 
was collected, and the protein gray value was quantified 
using ImageJ software.

2.6. RT-PCR detection of related gene expression
The synovium tissue was taken out to the RNA extrac-

tion area, and the instructions of the TRIzol kit (Invi-
trogen, Carlsbad, CA, USA) were followed to extract the 
total RNA from the tissue. The reverse transcription of 
the total RNA was performed strictly in accordance with 
the instructions of the reverse transcription kit. Then they 
were stored in the tube at -20°C. Real-time PCR (ABI, 
Foster City, CA, USA) was used to detect the expression 
of the target gene using synthetic primers from Nanjing 

Fig. 1. Comparison of glenohumeral joint abduction and external 
rotation activity of rats in each group. (Note: * indicated significant 
difference compared with the control group (p < 0.05). Figure A was 
the glenohumeral joint abduction, and Figure B was the external rota-
tion range).
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clearly visible, and the overall shape of the nucleus was 
complete. In the Control group, the folds of the rat joint 
capsule synovium were not obvious, and the protrusions 
were obvious, but the groove between the protrusions and 
the protrusions was shallow, and the synovial area was 
reduced. Some inflammatory cell infiltration can be seen 
in the cells, and the overall organization of some cells 
was incomplete. The boundary between the nucleus and 
cytoplasm was blurred, and the nucleus morphology was 
partially changed. The pathological changes of Low group 
and High group were similar to those of Control group, but 
the degree had deepened and High group had the highest 
degree of lesion.

After HE staining, the blood vessels around the shoul-
der joints of each group of rats were observed under an 
optical microscope. The results are shown in Figure 3. The 
rat blood vessels in the Sham group showed no obvious 
changes. The endothelial tissue of the blood vessels was 
intact and smooth, the cell structure was clear and com-
plete, the nucleus morphology was normal, and there was 
no overall enlargement or reduction of the cells, and there 
was no tendency for cell fibrosis. In the Control group, the 
cell membrane of rat vascular endothelial tissue showed 
obvious shrinkage and the overall cell morphology was 
incomplete. The nucleus was contracted, and the nucleolus 
gathered under the nucleus. Part of the granulation tissue 
appeared in the blood vessel, there was new angiogenesis 
and some cells showed the trend of fibrosis. The patholo-
gical changes of Low group and High group were simi-
lar to those of Control group, but the changes were more 
obvious, and High group had the highest degree of lesion.

3.3. Comparison of MMP14 gene expression in rats in 
each group

RT-PCR, Western blot and Immunohistochemical 
method and were used to detect the expression of MMP14 
gene in each group of rats. RT-PCR results were shown 
in Figure 4A, Western blot results were shown in Figure 
4B, and the immunohistochemical results were shown in 
Figure 4C. The results showed that compared with Sham 
group, MMP14 in Control group, Low group, and High 
group all increased significantly, and the difference was 
statistically significant (P<0.05). In Control group, Low 
group, and High group, MMP14 gene expression in Low 
group and High group was higher than Control group, and 
MMP14 gene expression degree in High group was the 
highest.

3.4. Comparison of P-P38 MAPK gene expression in 
rats in each group

The results in Figure 5 show that compared with the 
Sham group, the p38 MAPK in the Control group, Low 
group, and High group all increased significantly, and 
the difference was statistically significant (P<0.05). In 
Control group, Low group, and High group, p38 MAPK 
gene expression in Low group and High group was higher 
than Control group, and P-P38 MAPK gene expression in 
High group was the highest.

3.5. Comparison of VEGF gene expression in rats in 
each group

RT-PCR, Western blot and Immunohistochemical 
method and were used to detect the expression of VEGF 
gene in each group of rats. RT-PCR results were shown 
in Figure 6A, Western blot results were shown in Figure 
6B, and the immunohistochemical results were shown in 
Figure 6C. The results showed that compared with Sham 
group, VEGF in Control group, Low group, and High 
group all increased significantly, and the difference was 
statistically significant (P<0.05). In Control group, Low 
group, and High group, VEGF gene expression in Low 
group and High group was higher than Control group, 
among which VEGF gene expression in High group was 
the highest.

4. Discussion
Frozen shoulder refers to a shoulder joint disease 

first characterized by shoulder pain and joint movement. 
At present, the pathogenesis of frozen shoulder is still 

Fig. 2. HE staining results of synovium tissue of rats in each group.
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Fig. 3. HE staining results of vascular tissues of rats in each group.
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Fig. 4. MMP14 gene expression in each group under RT-PCR. (Note: 
* indicated a significant difference compared with the control group, 
P < 0.05. A: MMP14 gene expression; B: Western blot; C: HE result).

Fig. 5. The expression of p38 MAPK gene in each group. (Note: * 
meant a significant difference compared with the control group, P < 
0.05; # meant a significant difference compared with the model group, 
P < 0.05. A: Gene expression; B: Western blot).
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controversial, and many scholars believe that the patho-
logical changes of frozen shoulder are mainly manifested 
as shoulder capsular contracture, thickening, chronic in-
flammation, and fibrosis [11]. Bunker et al. [12] found in 
patients with frozen shoulder that the joint capsule in the 
affected shoulder showed chronic fibrosis, and immuno-
histochemistry showed obvious fibroblast and myofibro-
blast proliferation in the primary frozen shoulder. Coraco-
humeral ligament is the main factor of significant external 
rotation of the shoulder and the primary focus of interfree-
zing. Omari et al. [13] believed that during the treatment 
of frozen shoulder, coracobrachial ligament thickened 
and contracted, with proliferative fibroblasts and myo-
fibroblasts, and satisfactory results were achieved after 
the relaxation of coracobrachial ligament. In the study 
of Hwang et al. [14], it was concluded that at the pres-
ent stage, the secondary frozen shoulder model is often 
constructed by surgical methods, that is, artificially trau-
matized the shoulder muscles of animals. This method is 
easy to construct but is different from the secondary frozen 
shoulder in human body. Atsuto et al. [15] fixed the gleno-
humeral joint of the rat with internal fixation and success-
fully built the shoulder contracture model. The changes in 
the joint capsule and synovium may play an important role 
in the occurrence of the contracture. Soslowsky et al. [16] 
and Soslowsky et al. [17] made animal models of chronic 
shoulder joint injury with excessive exercise, with a tilt 
Angle of 10 degrees and a speed of 17 m/min, one hour 
a day, five days a week. Kim et al. [18] constructed a rat 
model to analyze the influence of rotator cuff healing, and 
the carrier may have different effects on the early stage 
of rotator cuff healing. By summarizing the experience 
of previous studies, this experiment adopted the exercise 
method to construct the secondary frozen shoulder model 
in rats and adopted the load measurement of glenohume-
ral joint motion to quantify the success of the secondary 
frozen shoulder model. This method is closer to the cause 
of secondary shoulder freezing in most human bodies, and 
the measurement standard is more consistent with the nor-
mal movement of human body, and can effectively explain 
the pathological changes of the body.

Experimental results showed that synovium tissue of 
secondary frozen shoulder rats had obvious hyperplasia 

and angiogenesis. In addition, in the group injected with 
transforming growth factor, the synovium and vascular 
increase in both low-dose and high-dose were stronger 
than those in the control group, indicating transforming 
growth Factor promoted the proliferation of synovium and 
blood vessels to a certain extent, which was consistent 
with the clinical study of Lee et al. [19], who found that 
the transforming growth factor in patients with secondary 
frozen shoulder was significantly higher than that in nor-
mal people, which further illustrated the inseparable rela-
tionship between transforming growth factor, synovium, 
and vascular proliferation.

As a functional factor that plays an important role in 
extracellular matrix gene expression, matrix degradation, 
cell proliferation and differentiation, cell apoptosis, and 
immune regulation, the transforming factor also plays a 
role in promoting fibrosis [20]. Transforming growth fac-
tors can transform the phenotype of normal fibroblasts. In 
the presence of epidermal growth factor, fibroblast growth 
characteristics were changed to achieve growth in AGAR, 
and the inhibitory effect of density dependence in growth 
was lost. Studies have shown that growth factors can ef-
fectively inhibit the proliferation of polyclonal cells, and 
participate in various physiological processes such as the 
occurrence and development of tumors, immune response, 
wound repair, and the formation of intercellular intersti-
tium. It is also an important regulatory factor in the process 
of cell fibrosis, which can promote the increase of extra-
cellular matrix production, inhibit the decrease of collagen 
degradation of collagenase and matrix metalloproteinase, 
and promote the proliferation of stellate cells, resulting in 
the aggravation of fibrosis [21]. The experimental results 
showed that the expression of MMP-14, p38 MAPK, and 
VEGF in Control group, Low group, and High group was 
significantly higher than that of Sham group, and the ex-
pression of High group was the highest among the above 
three groups. This indicated that the high-dose group had 
the most serious shoulder joint fibrosis, synovial tissue 
hyperplasia and vascularization. Based on the results of 
this experiment, a reasonable assumption can be made 
that on the one hand, transforming growth factor promotes 
synovium tissue fibrosis by itself, and on the other hand 
promotes synovium tissue fibrosis by activating MMP-14. 
As an important channel of inflammatory response, p38 
MAPK has an important connection with the body's fro-
zen shoulder inflammation anyway [22-24]. The transfor-
ming growth factor aggravates the body's inflammatory 
response through its effects. Hammad et al. [25] confirmed 
in a study that adding transforming growth factors can 
aggravate the inflammatory response to a certain extent. 
VEGF, as a highly specific growth factor promoting endo-
thelial cells in the learning tube, mainly induces angioge-
nesis in the body, promotes the degeneration of extracel-
lular matrix and induces the migration and proliferation of 
vascular endothelial cells, which ultimately leads to new 
angiogenesis [26]. Experimental results showed that trans-
forming growth factor can promote the increase of VEGF 
expression, which was the same as the results obtained by 
Pedersen et al. [27] in vitro cell induction. In this work, the 
synovial tissue of shoulder joint was obtained by making 
a frozen shoulder model, and the results showed that the 
expressions of MMP-14 and p38 MAPK-related genes 
increased in synovial tissue. This indicated fibroblastic 
synovial tissue hyperplasia and increased vascularization 

Fig. 6. VEFG gene expression in each group under RT-PCR. (Note: 
* meant a significant difference compared with the control group, P 
< 0.05, # suggested a significant difference compared with the model 
group, P < 0.05, A: VEFG gene expression; B: Western blot; C: HE 
results).
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in subacromial synovial tissue of patients with seconda-
ry frozen shoulder. It is also clear that the hyperplasia of 
acromial slide tissue and increased vasculature in patients 
with secondary frozen shoulder models is a major cause of 
shoulder fibrosis and shoulder limitation in patients.

5. Conclusion
In this experiment, a rat secondary frozen shoulder 

model was successfully constructed through exercise 
method, and the rats with the secondary frozen shoulder 
were evaluated by measuring the movement of the rat gle-
nohumeral joint, the physiological changes of synovium 
tissue and vascular tissue, and the expression of MMP14, 
p38 MAPK, and VEGF to perform a more comprehen-
sive assessment. Experimental results showed that syno-
vium tissue proliferation and increased blood vessels are 
important causes of secondary frozen shoulder in rats, and 
transforming growth factors can promote synovial hyper-
plasia and increased blood vessels. The high expression of 
MMP-14, p38 MAPK, and VEGF is an important cause 
of synovial hyperplasia and increased blood vessels, and 
transforming growth factors can promote the high expres-
sion of these genes. This experiment innovatively used 
the exercise method to construct the rat secondary frozen 
shoulder model, which made the constructed model closer 
to the body characterization, thus revealing the effect of 
transforming growth factor on synovium tissue and vascu-
lar tissue-related genes in the secondary frozen shoulder, 
which has laid a certain foundation for clinical treatment 
of secondary frozen shoulder. However, the sample size 
in this experiment was small. Because a new method was 
used to construct the model, the method needs to be further 
quantified.
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