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Abstract. Hypertrophic scar is characterized by excessive 
deposits of collagen during skin wound healing, which could 
become a challenge to clinicians. This study assessed the effects 
of the extracorporeal shock wave therapy (ESWT) on hyper-
trophic scar formation and the underlying gene regulation. A 
rabbit ear hypertrophic scar model was generated and randomly 
divided into three groups: L-ESWT group to receive L-ESWT 
(energy flux density of 0.1 mJ/mm2), H-ESWT (energy flux 
density of 0.2 mJ/mm2) and sham ESWT group (S-ESWT). 
Hypertrophic scar tissues were then collected and stained 
with hematoxylin and eosin (H&E) and Masson's trichrome 
staining, respectively, to assess scar elevation index  (SEI), 
fibroblast density and collagen fiber arrangement. Expression 
of cell proliferation marker proliferating cell nuclear antigen 
(PCNA) and α-smooth muscle actin (α-SMA) were assessed 
using RT-PCR and immunohistochemistry in hypertrophic 
scar tissues. H&E staining sections showed significant reduc-
tion of SEI and fibroblast density in both ESWT treatment 
groups compared to S-ESWT, but there was no dramatic 
difference between L-ESWT and H-ESWT groups. Masson's 
trichrome staining showed that collagen fibers were more 
slender and broader and oriented in parallel to skin surface 
after administration of ESWT compared to control tissues. At 
the gene level, PCNA‑positive fibroblasts and α-SMA-positive 
myofibroblasts were significantly decreased after L-ESWT or 
H-ESWT compared to the controls. Furthermore, there was no 
significant difference in expression of PCNA mRNA between 
L-ESWT or H-ESWT and S-ESWT, whereas expression of 
α-SMA mRNA significantly decreased in L-ESWT compared 
to that of H-ESWT and S-ESWT (P=0.002 and  P=0.030, 
respectively). In conclusion, L-ESWT could be effective on 
suppression of hypertrophic scar formation by inhibition of 

scar elevation index and fibroblast density as well as α-SMA 
expression in hypertrophic scar tissues of the rabbit model.

Introduction

Clinically, a normal wound healing after a cut, burn, or injury 
will repair and close the wound by producing just sufficient 
amounts of collagen and tissues and thereafter, excessive cells, 
like fibroblasts will be eliminated through apoptosis  (1,2). 
However, the wound healing process is truly complex and 
fragile; for example, interruption or failure of the normal wound 
healing will lead to the formation of non-healing chronic 
wounds, whereas abnormal wound healing could became 
hypertrophic scar (2). Hypertrophic scar is characterized by 
excessive deposits of collagen during skin wound healing and 
has an adverse influence on patients psychologically and physi-
cally (3). Hypertrophic scar also causes physical dysfunction 
and symptoms, such as pain or itch. To date, the exact patho-
genesis or molecular mechanism of hypertrophic scar formation 
remains to be defined, although extensive research and studies 
were reported during the past decades (3). As known, excessive 
synthesis of the extracellular matrix and collagen deposition 
due to abnormal fibroblast proliferation and differentiation 
could be responsible for hypertrophic scar formation. Previous 
studies revealed that there were differences in number and 
phenotype (4) and lower ability to produce collagenase between 
fibroblasts obtained from hypertrophic scar tissues and normal 
skin  (4). Moreover, histological assessment of hypertrophic 
scar tissues showed characteristics: i) a significant increase in 
fibroblasts; ii) thin and disorderly organized wavy collagen III 
bundles arranged parallel to the epidermis; and iii) abundant of 
myofibroblast nodules and acidic mucopolysaccharides (5,6). 
Molecularly, fibroblasts from hypertrophic scar tissues were 
shown to overexpress fibronectin  (7), although the defined 
molecular changes of these fibroblasts from hypertrophic scar 
tissues remain to be determined.

Successful treatment of a hypertrophic scar has both 
psychological and physical significance. To date, treatment of a 
hypertrophic scar remains a challenge to clinicians due to lack 
of effective treatment options. For example, current therapeutic 
options available to treat hypertrophic scars include intralesion 
injection of corticosteroids or 5-fluorouracil (5-FU), silicone 
sheeting or gel, and radiotherapy, cryotherapy, excisional 
surgery, pressure therapy, fractional CO2 laser, or pulsed dye 
laser and their effectiveness on control of a hypertrophic 
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scar is still debatable (8,9). Originally, extracorporeal shock 
wave therapy (ESWT) (10) was used as an adjunct medical 
procedure to treat urinary lithotripsy (11) and more recently, 
its application has been extended to treat musculoskeletal 
disorders, fracture non-union, and soft tissue wounds (12-14); 
however, the precise ESWT mechanism on tissues remains 
unclear, but may be correlated with translating acoustic 
energy into mechanical stimulation or physical energy, and 
then exerts favorable biological responses to promote repair 
of compromised tissue via complex molecular and cellular 
interactions and changes (15). The biological effects of ESWT 
induced on tissues include increase in blood supply of tissues, 
promotion of burn wounds, and diabetic foot ulcer healing, 
and improvement of skin graft uptake (10,16). Mechanistically, 
ESWT could induce local inflammation reaction and promote 
angiogenesis by recruitment of mesenchymal stem cells and 
endothelial progenitor cells to the injured site, stimulate 
cellular proliferation and regeneration, and decrease bacterial 
burden of the wound (17). In addition, based on ESWT energy 
flux density (EFD) level, ESWT can be divided into two cate-
gories, high EFD ESWT and low EFD ESWT (18,19). Thus, in 
this study, we performed ESWT with low- or high‑energy flux 
density versus control to assess their effects on hypertrophic 
scar formation and gene expression in a rabbit model. We 
expected to provide insightful information and a support of 
its clinic application in control of hypertrophic scar formation.

Materials and methods

Ethical approval. The animal protocol of this study was 
reviewed and approved by the Institutional Animal Care and 
Use Committee (IACUC) of the Institutional Ethics Comm
ittee at The First Hospital of Jilin University (Jilin, China).

Animals, the rabbit ear hypertrophic scar model, and treat-
ment. Twenty-five adult laboratory white rabbits with an initial 
body weight of 2.3±0.2 kg were obtained from the Laboratory 
Animal Center of Jilin University and used in this study. The 
rabbit ear hypertrophic scar model was established based on 
our previous unpublished study. Briefly, rabbits were anesthe-
tized with intravenous injection of ketamine (30 mg/kg) and 
four full-skin thickness circular wounds (15 mm diameter) with 
cartilage exposure were then inflicted on the ventral surface 
of each ear with a scalpel and covered with erythromycin eye 
ointment. The wound healing occurred spontaneously for three 
weeks and the control mice formed hypertrophic scars three 
weeks after surgery confirmed by histological examination.

The rabbits were randomly assigned into three groups with 
32 scars for each group on day 21 after surgery, i.e., L-ESWT 
(energy flux density of 0.1 mJ/mm2), H-ESWT (energy flux 
density of 0.2 mJ/mm2), and sham ESWT group (S-ESWT). 
We then treated the rabbits with a shock wave therapy on each 
hypertrophic scar of rabbit ear with 500 impulses at a frequ
ency of 8 Hz once a week for 4 weeks using Swiss DolorClast® 
Classic (EMS Electro Medical Systems, Nyon, Switzerland), 
while S-ESWT group of rabbits received identical treatment 
without any shock wave impulses.

Tissue harvest and processing. On day 1, 4, 7, 10, 14, 21, 28, 
and 35 during or after ESWT treatment, tissue samples were 

harvested for histological analysis and gene expression. The 
animals were administered with intravenous injection of 
ketamine (30 mg/kg) and half of the scar tissues were excised 
and fixed in 10%  buffered formalin and embedded into 
paraffin for histological analysis and immunohistochemistry 
and another half of tissue samples were snap-frozen and stored 
in liquid nitrogen for RNA isolation and RT-PCR.

Hematoxylin and eosin and Masson's trichrome staining. 
Paraffin blocks of resected tissues from these rabbits were 
cut into 4-µM  thickness of tissue sections and stained 
with hematoxylin and eosin staining kit (cat.  no. C0105; 
Beyotime Institute of Biotechnology, Jiangsu, China) and 
Masson's trichrome staining (Masson's Trichrome Stain 
kit, cat. no. TR-1303; ZSGB-Bio Co., Ltd., Beijing, China), 
respectively, according to the manufacturer's instructions. 
The stained tissue sections were then reviewed and photo-
graphed under an Olympus BX51 microscope (Olympus, 
Tokyo, Japan) to evaluate the scar elevation index  (SEI), 
fibroblasts density, and collagen fiber arrangement by two 
investigators blindly.

Assessment of the SEI and fibroblasts density. For each scar, 
three photographs were prepared and evaluated by an inves-
tigator in a blinded manner to assess SEI, an average value 
to represent the degree of scar hyperplasia. Specifically, we 
measured scar thickness versus normal tissues and the ratio of 
1 indicated that there was no difference in hypertrophy during 
the wound healing between scar and normal skin, while SEI 2 
denoted 100% increase in wound thickness (20).

To assess the fibroblasts density in rabbit tissues for ESWT 
effectiveness, we calculated the numbers of fibroblasts in hema-
toxylin and eosin (H&E)-stained tissue sections. Specifically, 
ten representative fields of the most fibroblast density areas were 
photographed under magnification, x400 and individual fibro-
blasts were counted. Fibroblast density per square millimeter 
was then calculated. The data were summarized as mean ± SD 
of all tissue sections from each treatment group.

RT-PCR. Hypertrophic scar tissues were homogenized and 
total RNA was isolated using TRIzol® reagent (Invitrogen Life 
Technologies, Carlsbad, CA, USA) according to the manufac-
turer's instructions. The resulted RNA samples were quantified 
by using Epoch™ Multi-Volume Microplate Spectrophotometer 
system (BioTek Instruments, Inc., Winooski, VT, USA) and 
reversely transcribed into cDNA using M-MLV Reverse 
Transcriptase (Promega, Madison, WI, USA) according to the 
manufacturer's instructions. After that, PCR was carried out in 
a 25 µl reaction mixture containing 12.5 µl GoTaq® Green 
Master Mix (Promega), 1 µl of cDNA, 1 µl of each primer, 
9.5 µl nuclease‑free water with the following conditions, 94̊C 
for 30 sec and 28-30 cycles of 58̊C [proliferating cell nuclear 
antigen (PCNA)], 56̊C [α-smooth muscle actin (α-SMA)], or 
65̊C (GAPDH) for 30 sec, 72̊C for 40 sec. PCR products were 
then separated in 1.5%  agarose gel containing ethidium 
bromide and images were taken by using the Tanon 2500 gel 
imaging system (Tanon Science and Technology Co., Ltd., 
Shanghai, China) for quantification with Tanon gel image 
system 1D software (version 4.1.2). Primers were designed and 
synthesized by BGI (Shenzhen, China) and primer sequences 
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were: PCNA forward, 5'-GGTTCTTCCAACTCTGCCA 
CTA-3' and reverse, 5'-GGTTTTCTCTTTGCCTTCCCTA-3' 
to amplify a 215 base  pair (bp) of PCR product; α-SMA 
forward, 5'-TCGACATCAGGAAGGACCTCT-3' and reverse, 
5'-CATCTGCTGAAAGGTGGACAG-3' to generate a 206 bp 
band; and GAPDH forward, 5'-GCGCCTGGTCACCAGGG 
CTGCTT-3' and reverse, 5'-TGCCGAAGTGGTCGTGGATG 
ACCT-3' to obtain a 464 bp product.

Immunohistochemistry. Immunohistochemistry was used to 
detect the expression of cell proliferation marker PCNA and 
smooth muscle marker α-SMA in hypertrophic scar tissues. 
Specifically, tissue sections were deparaffinized in xylene and 
rehydrated in a series of graded ethanol and then subjected 
to the antigen retrieval by cooking in 0.01 M citrate buffer 
(pH 6.0) for 3 min. After washed with phosphate‑buffered 
saline (PBS) briefly three times, the endogenous peroxidase 
activity in tissues was blocked by treating the tissue sections 
with 0.3% H2O2 in 70% methanol at room temperature for 
20 min and tissues sections were incubated in 10% normal goat 
serum at room temperature for 20 min and further incubated 
with a mouse anti-rabbit monoclonal PCNA antibody 
(cat.  no.  BM0104; Wuhan Boster Biological Technology, 
Ltd., Wuhan, China) or a mouse monoclonal anti-rabbit 
α-SMA antibody (cat no. BM0002; Wuhan Boster Biological 
Technology, Ltd.) both at 1:100 dilution at 4̊C overnight. The 
next day, the tissue sections were washed in PBS three times 
and then incubated with UltraSensitive™ SP (mouse) IHC kit 
(cat. no. KIT-9702; Fujian Maxin Biological, Fujian, China) 
at the room temperature for 2 h and then subsequently with a 
streptavidin-peroxidase solution at the room temperature for 
2 h. The color reaction was performed using the 3,3'-diami
nobenzidine (DAB) detection kit (cat. no. KIT-0017; Fujian 
Maxin Biological) according to the manufacturer's instructions 
and the tissue sections were briefly counterstained with 

hematoxylin. The immunostained tissue sections were then 
reviewed and photographed under an Olympus BX51 micro
scope (Olympus, Tokyo, Japan) by two investigators in a blinded 
manner. Six representative areas of the most PCNA or α-SMA-
positive cells were photographed at x400 magnification and 
counted for PCNA or α-SMA‑positive cells. The results were 
expressed as mean ± SD of PCNA or α-SMA‑positive cells/
total number of cells x100%.

Statistical analysis. All data were expressed as mean ± stan-
dard deviation  (SD) and were analyzed using SPSS 
statistical software, version 19.0 (SPSS, Inc., Chicago, IL, 
USA). Histology data were compared and analyzed using the 
paired t-test and gene expression data were analyzed using 
one-way analysis of variance (ANOVA). A P-value ≤0.05 was 
considered statistically significant.

Results

ESWT reduction of the SEI and fibroblast density in the rabbit 
ear hypertrophic scar model. In this study, we first established 
the rabbit ear hypertrophic scar model and then treated them 
with ESWT and found that only from day 14, there was a signi
ficant difference in SEI between L-ESWT or H-ESWT group 
and S-ESWT group (2.66±0.22 or 2.74±0.26 vs. 2.97±0.23; 
P=0.010 and P=0.026 between L-ESWT or H-ESWT and 
S-ESWT, respectively). However, there was noticeable differ-
ence between L-ESWT and H-ESWT (Fig. 1 and Table I). 
We also found that consecutive ESWT for 35 days signifi-
cantly inhibited scar hyperplasia in L-ESWT and H-ESWT 
groups (P<0.05), while there was no significant difference 
between L-ESWT and H-ESWT (Fig. 1 and Table I).

Furthermore, one week after ESWT, there was a significant 
difference in fibroblast density occurring between L-ESWT 
or H-ESWT group and S-ESWT group (420.26±21.44/mm2, 

Figure 1. The rabbit ear model of hypertrophic scar and effects of extracorporeal shock wave therapy (ESWT). (A) The model of scar elevation index (SEI). 
a, The height from the peak of hypertrophic scar to the cartilage; b, the height from the surface of normal skin to the cartilage. SEI=a/b. (B) Effects of ESWT 
administration on SEI reduction in the rabbit model of hypertrophic scar. (C) Effects of ESWT administration on inhibition of fibroblasts density.
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or  439.53±16.37/mm2 vs.  477.80±29.56/mm2; P=0.003 or 
P=0.009 between L-ESWT or  H-ESWT and  S-ESWT, 
respectively). Moreover, there was also statistical signifi-
cance in fibrobast density between L-ESWT and H-ESWT 
groups  (P=0.015). Consecutive administration of ESWT 
for 35 days significantly reduced the number of fibroblasts 
between both ESWT and S-ESWT groups; however, there 

was no significant difference between L-ESWT and H-ESWT 
found in the longer treatment (Fig. 1).

ESWT improvement of collagen arrangement in the rabbit 
ear hypertrophic scar model. Masson's trichrome staining 
showed that number of the collagen bundles was reduced 
and the collagen bundles were much thinner and looser and 

Figure 2. Effects of extracorporeal shock wave therapy (ESWT) administration on modulation of collagen arrangement in hypertrophic scar tissues. The 
animals were subjected to L-ESWT or H-ESWT for up to 5 weeks and the hypertrophic scar tissues were processed for Masson's trichrome staining and 
evaluation of collagen arrangement. Magnification, x200.

Table I. Effect of ESWT administration on suppression of SEI in the rabbit model of hypertrophic scar formation (mean ± SD).

Therapy	 1 week	 2 weeks	 3 weeks	 4 weeks	 5 weeks

L-ESWT	 2.78±0.41	 2.66±0.22a	 2.55±0.36a	 2.41±0.28a	 2.32±0.15a

H-ESWT	 2.84±0.38	 2.74±0.26a	 2.70±0.20a	 2.44±0.24a	 2.34±0.28a

S-ESWT	 3.00±0.57	 2.97±0.23	 2.89±0.22	 2.80±0.20	 2.71±0.20

SEI, scar elevation index; L-ESWT, low-energy extracorporeal shock wave therapy; H-ESWT, high-energy extracorporeal shock wave therapy; 
S-ESWT, sham group without extracorporeal shock wave therapy. aP<0.05 compared to S-ESWT group.
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regularly organized in L-ESWT and H-ESWT-treated hyper-
trophic scar tissues, whereas the collagen fibers were thicker, 
denser, more abundant and disorganized in S-ESWT (Fig. 2).

ESWT suppression of PCNA and α-SMA expression. PCNA and 
α-SMA proteins were assessed using immunohistochemistry 
and the data showed that fibroblasts and endothelial cells 
of vessels expressed high levels of PCNA proteins, whereas 
L-ESWT or H-ESWT significantly reduced PCNA‑positive 

cells compared to that of S-ESWT, and L-ESWT showed 
much earlier in reduction of PCNA expression than that of 
H-ESWT (P<0.05 in 7 and 28 days between L-ESWT or 
H-ESWT and S-ESWT, respectively. However, there was no 
significant difference between L-ESWT and H-ESWT (Fig. 3 
and Table II).

Moreover, levels of α-SMA-positive myofibroblasts also 
showed a trend for first increase and late decrease after 
L-ESWT or H-ESWT and such a trend was much earlier 

Table II. Effect of ESWT administration on suppression of PCNA-positive cells in the rabbit model of hypertrophic scar forma-
tion (mean ± SD).

Therapy	 1 week	 2 weeks	 3 weeks	 4 weeks	 5 weeks

L-ESWT	 21.74±3.68b	 32.61±4.26b	 42.49±4.18b	 32.01±3.10b	 25.44±2.33b

H-ESWT	 24.42±4.28	 36.04±4.88b	 46.81±5.31	 35.91±5.83b	 32.89±3.22b

S-ESWT	 27.47±4.41	 41.06±3.45	 50.62±5.62	 45.98±4.25	 49.89±2.67

PCNA, proliferating cell nuclear antigen; L-ESWT, low-energy extracorporeal shock wave therapy; H-ESWT, high-energy extracorporeal 
shock wave therapy; S-ESWT, sham group without extracorporeal shock wave therapy. aP<0.05 compared to H-ESWT group; bP<0.05 com-
pared to S-ESWT group.

Figure 3. Effects of extracorporeal shock wave therapy (ESWT) administration on suppression of proliferating cell nuclear antigen (PCNA) and α-smooth muscle 
actin (α-SMA) protein expression. The animals were subjected to L-ESWT or H-ESWT for up to 5 weeks and the hypertrophic scar tissues were processed for 
immunohistochemical analysis. (A and B) α-SMA and (C and D) PCNA. Magnification, x200. The graphs are summarized data of the immunostaining.
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in L-ESWT group. The number of α-SMA-positive cells in 
L-ESWT or H-ESWT groups were much lower than that of 

S-ESWT (P<0.05); however, there was no statistical signifi-
cance found between L-ESWT and H-ESWT until four weeks 
later (P<0.05; Fig. 3 and Table III).

L-ESWT downregulation of α-SMA mRNA level. The effects 
of L-ESWT and H-ESWT on PCNA and α-SMA mRNA 
expression was also assessed by using RT-PCR. The data 
showed that there was no significant difference in PCNA 
mRNA level among the three experimental groups, whereas 
level of α-SMA mRNA was significantly lower in L-ESWT 
compared to that in H-ESWT and S-ESWT groups (P=0.002 
and P=0.039, respectively), although there was no statistical 
significance observed between H-ESWT and S-ESWT (Fig. 4).

Discussion

Successful treatment of hypertrophic scar has both psychological 
and physical significance. Hypertrophic scar causes cosmetic and 
social stress on affected persons, especially girls in addition to 
the unwanted appearance and physical dysfunction or symptoms, 
such as pain or itch. However, to date, treatment of hypertrophic 
scar remains a challenge to clinicians due to lack of effective 
treatment options. Although various therapeutic modalities have 
been developed showing some efficacy on hypertrophic scar 
during the past decades, there is still a paucity of standard of 
care for hypertrophic scar patients. Better understanding of the 
underlying molecular mechanisms responsible for unwanted 
wound healing and hypertrophic scar formation could help 
us to design or identify novel therapeutic methods. Therefore, 
identification and assessment of more effective but less invasive 

Table III. Effect of ESWT administration on suppression of α-SMA-positive cells in the rabbit model of hypertrophic scar 
formation (mean ± SD).

Therapy	 1 week	 2 weeks	 3 weeks	 4 weeks	 5 weeks

L-ESWT	 18.44±2.26b	 28.21±4.52b	 33.09±5.65b	 28.02±4.01a,b	 21.62±3.11a,b

H-ESWT	 19.22±3.88b	 31.94±3.26b	 35.51±4.32b	 34.51±3.99b	 26.73±4.12b

S-ESWT	 24.27±3.26	 36.76±3.67	 41.02±4.09	 40.38±3.75	 36.48±4.01

L-ESWT, low-energy extracorporeal shock wave therapy; H-ESWT, high-energy extracorporeal shock wave therapy; S-ESWT, sham group 
without extracorporeal shock wave therapy. aP<0.05 compared to H-ESWT group; bP<0.05 compared to S-ESWT group. α-SMA, α-smooth 
muscle actin.

Figure 4. Effects of extracorporeal shock wave therapy (ESWT) administration on modulation of proliferating cell nuclear antigen (PCNA) and α-smooth 
muscle actin (α-SMA) mRNA level. The animals were subjected to L-ESWT or H-ESWT for up to 5 weeks and the hypertrophic scar tissues were processed 
for RT-PCR analysis of (A) PCNA and (B) α-SMA mRNA.

Figure 5. Schematic diagram of myofibroblast sources and differentiation. 
Inducing factors, e.g., transforming growth factor-β (TGF-β), mechanical 
stress and integrin would induce fibroblasts change into protomyofibroblasts 
and then transition into differentiated myofibroblasts characterized by con-
tractile properties because of the formation of robust stress fibers containing 
α-smooth muscle actin (α-SMA). 



international journal of molecular medicine  41:  1931-1938,  2018 1937

therapeutic options could help such patients clinically. Thus, in 
this study, we performed ESWT with low- or high‑energy flux 
density versus control to assess their effects on hypertrophic 
scar formation and gene expression. We found that both ESWT 
treatment groups significantly reduced the scar elevation index 
and fibroblast density compared to controls. ESWT treatment 
also showed that collagen fibers were more slender and broader 
and oriented in parallel to skin surface compared to control 
tissues. Molecularly, ESWT treatment suppressed proliferation of 
PCNA-positive fibroblasts and α-SMA‑positive myofibroblasts 
compared to the controls. Nevertheless, both L-ESWT and 
H-ESWT showed effective suppression of hypertrophic scar 
formation by inhibition of scar elevation index and fibroblast 
density as well as PCNA and α-SMA expression in hypertrophic 
scar tissues. Simultaneously, we also evaluated the effects of 
ESWT on regulation of PCNA and α-SMA mRNA and found 
that L-ESWT was able to significantly downregulate level of 
α-SMA mRNA in the hypertrophic scar tissues, whereas it was 
unable to alter level of PCNA mRNA. Future clinical trials will 
confirm our current finding.

As a novel adjunct management option for soft tissue wound 
healing and musculoskeletal disorders, ESWT has received 
extensive attention due to its efficacious, safe, non-invasive, and 
cost-effective nature by utilizing abrupt and high amplitude 
pulses of mechanical energy, which is similar to sound wave, 
to treat human diseases (22-25). Previous studies showed that 
ESWT could stimulate angiogenesis and neurogenesis (26) and 
mechanistically, ESWT may induce cells to undergo microtrauma 
and therefore promotes inflammation and catabolic processes 
and wound healing (27). However, to date, there has been only 
a few of studies evaluated ESWT to manage hypertrophic scars. 
For example, Fioramonti et al  (28) documented that ESWT 
could improve texture and color of post-burn scars in 16 patients. 
Saggini et al (29) observed significant early improvement of pain, 
mobility, and modified Vancouver Scar Scale (VSS) in retracting 
scars of the hands after treatment with unfocused shock wave 
treatment. Our current data further supported the usefulness 
of ESWT in management of hypertrophic scar and found that 
ESWT could histologically improve SEI, fibroblasts density, and 
collagen fiber arrangement in hypertrophic scar tissues.

Molecularly, abnormal proliferation and differentiation of 
fibroblasts play a key role in hypertrophic scar formation and 
remodeling (30). Thus, in the present study, we assessed PCNA 
expression, which is a DNA polymerase delta auxiliary protein 
that synthesized and expressed in proliferating cells to be 
essential for cell replication and cell cycle progression (31,32). 
Furthermore, fibroblast differentiation into myofibroblasts 
is closely associated with α-SMA expression during wound 
healing process and myofibroblasts have the ability to increase 
collagen synthesis and contractile activity, but decrease 
synthesis of collagenase, and become insensitive to apoptotic 
inductors (33,34) (Fig. 5). Differentiation of myofibroblasts 
is thought to play a key role in fibrotic disease and involved 
in many fibrosis of organs (35). Our current data showed that 
ESWT was able to inhibit expression of α-SMA mRNA and 
reduce the number of PCNA and α-SMA-positive cells. Further 
confirming the usefulness of ESWT in management of hyper-
trophic scar. Regarding the discrepancy between expression of 
PCNA protein and mRNA in the present study, it is necessary 
to further investigate with carefully controls each time‑point 

using qRT-PCR for confirmation. Nevertheless, expression of 
gene protein and mRNA may not always be parallel since they 
are regulated differently (21).

In conclusion, both low- and high-energy ESWT was able 
to suppress hypertrophic scar formation improving the scar 
elevation index and fibroblast density compared to controls 
in hypertrophic scar tissues of the rabbit model in an early 
stage. This may be associated with the effect of ESWT on 
inhibition of α-SMA expression of hypertrophic scar tissues. 
Future studies are essential to investigate other potential 
mechanisms in order to further develop and improve efficacy 
of L-ESWT‑based therapy of hypertrophic scar clinically.
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