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Abstract
To evaluate the therapeutic effect of micro-plasma radio frequency on hypertrophic scars in rabbit ears to provide an
experimental basis and theoretical foundation for the treatment of hypertrophic scars. Hypertrophic scars were established
on the ventral surface of the ears of six New Zealand white rabbits. Left and right ears were randomly divided into two
groups: experimental group treated with micro-plasma radio frequency and control group with no treatment. H&E staining
and CD34 labeling of microvessels were performed to analyze ear specimens, and immunohistochemical staining was
conducted to detect IL-8 and MCP-1 in the scars. Compared with the control group, scar tissue in the experimental group
was improved by color and texture. H&E-stained collagen fiber bundles were more organized after treatment as assessed
by optical microscopy. The number of microvessels in the experimental group was decreased compared with that in the
control group. Microvascular density was significantly reduced in the experimental group compared with the control group
(27.16 ± 5.64 and 48.75 ± 8.25 mm2, respectively; P < 0.01). The mean optical densities of IL-8 and MCP-1 were signif-
icantly reduced in the experimental group compared with the control group (IL-8 0.016 ± 0.011 and 0.078 ± 0.023, re-
spectively; MCP-1 0.018 ± 0.016 and 0.054 ± 0.038, respectively; both P < 0.01). The micro-plasma radio-frequency
technique has a therapeutic effect on hypertrophic scars in rabbit ears.
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Introduction

Hypertrophic scarring is the result of excessive fibrous
tissue repair after trauma, and patients often complain of
pain, itching, and other discomforts. Hypertrophic scars
located in functional areas cause local functions to be

affected, which can reduce the patient’s quality of life.
Capillary formation of early hypertrophic scarring is faster
and more numerous in newborns compared with adults.
Because of the increased microvasculature and the contin-
uous high microcirculation blood flow, the scar surface
appears red and flushed or purplish red and brittle and is
prone to bleeding.

There are many treatment methods for hypertrophic scars,
such as stress therapy, drug intervention, surgical resection,
and laser treatment; however, the results of these methods
have not been satisfactory. The micro-plasma radio-frequency
method used in this study is a new technology that differs from
traditional micro-ablative laser therapy by its low rate of ad-
verse reactions compared with traditional lasers and low pig-
mentation. It has been successfully used for the clinical treat-
ment of various types of depression scars, superficial scars,
wrinkles, and skin rejuvenation. However, this is the first re-
port of its use for the treatment of early hypertrophic scars.

Plasma exists widely and is mainly composed of free elec-
trons and charged ions. There are four types: solid, gaseous,
and liquid. Currently, plasma is used in many medical fields
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for disinfection, blood coagulation, treatment of skin diseases,
cleaning teeth cavities, and separating cancer. Micro-plasma
RF skin is a relatively new reconstruction technique different
from conventional laser micro focal ablative resurfacing tech-
nology. The use of a unipolar radio frequency stimulates ni-
trogen molecules into high-energy plasma that emits spectral
peaks in the visible region (mainly indigo and violet blue) and
near-infrared region, with a pulse width of milliseconds. After
contact with the skin, energy quickly spreads to the skin sur-
face, creating multiple controlled micro-perforations leading
to gasification and microdot stripping [1]. Plasma emerges
from the nozzle at the distal end of the handpiece and is di-
rected onto the skin to be treated, with no RF energy being
transferred to other areas of the patient. Rapid heating of the
skin occurs as the excited gas forming the plasma releases
energy to the skin. This stimulates fibroblast collagen fibers
and scar tissue collagen fibers to form a disordered arrange-
ment, which treats the scar formation [2]. Unlike the use of
lasers, this energy transfer is not chromophore dependent; the
epidermal tissue does undergo gasification, and the skin solid-
ifies to protect the wound, accelerate wound healing, promote
scar revision, and prevent pigmentation.

This study investigated the effect of micro-plasma radio
frequency on microvascular density and IL-8 and MCP-1
levels in hypertrophic scars of rabbit ears to further understand
the therapeutic mechanism and provide an experimental basis
and theoretical foundation of this technique for hypertrophic
scar treatment.

Materials and methods

Reagents and experimental equipment were
obtained as follows

CD34 (Wuhan Boster Biological Technology Co., Ltd.); DAB
Color Development Kit (ZSGB-BIO) (Beijing Noble Ryder
Technology Co., Ltd.); IL-8 andMCP-1 (Cloud-Clone Corp.);
Plasma (Microplasma) (Alma Lasers. Ltd.).

Animals and hypertrophic scar model establishment

Six female New Zealand white rabbits (2.5–3.0 kg) were
provided by the Experimental Animal Center of Hebei
Medical University Medical College. After adaptive feed-
ing for 48 h, the hyperplastic scar model was established
based on the method provided by Li et al. [3]. Six wounds
were made on each rabbit ear, forming 72 scar models in
total. After successfully establishing the model, the ears of
each rabbit were randomly divided into the experimental or
control group.

Micro-plasma radio-frequency treatment

Experimental group

Thirty days after modeling, the scars were treated with micro-
plasma radio frequency. Treatment parameters were one treat-
ment with sliding therapeutic roller head with a power of
80 W.

Control group: did not receive any treatment

Thirty days after treatment, the color, thickness, and texture of
hypertrophic scars in the experimental and control groups
were recorded.

Specimen collection and immunohistochemical
staining

Thirty days after treatment, specimens from the experimen-
tal and control groups were collected at the same time.
Chloral hydrate 300 mg/kg was injected intraperitoneally
for general anesthesia and then the full-thickness of the
rabbit ear tissue, which contained the hyperplastic scar tis-
sue, was removed. Ears were fixed in 10% formaldehyde,
dehydrated, cleared, embedded in paraffin wax blocks, and
continuously sectioned at 4 μm. After routine steps of
deparaffinization and gradient dehydration, antigen retriev-
al was conducted using a microwave. The sections were
incubated in 3% hydrogen peroxide for 15 min. Pancreatic
enzymes were then repaired. The sections were blocked with
goat serum and incubated at 37 °C for 15 min without
washing to block binding to nonspecific sites. CD34 and
IL-8 monoclonal antibodies were diluted at 1:250 and in-
cubated at 4 °C overnight. After the secondary antibody
was added, sections were incubated at 37 °C for 45 min,
stained with DAB, counterstained with hematoxylin, and
finally mounted by neutral gum.

Observation by optical microscopy

Positive microvessels stained brownish yellow were ob-
served under optical microscopy. All blood vessels were
counted. Single endothelial cells whose cell membrane was
stained brown or enlarged vessels caused by cluster cells
were regarded as a single microvessel. Five fields were
selected randomly from the central area and surrounding
areas of the hypertrophic scar of each section under a × 400
optical microscope to count the number of microvessels.
Microvascular counting was performed in accordance with
the Weidner counting method. The number of microvessels
per square millimeter was calculated. The mean value rep-
resents the microvascular density of the scar. The brown
granules in the cytoplasm indicated IL-8- and MCP-1-
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positive cells by immunohistochemical staining. The anal-
ysis was performed using an Image-Pro Plus 6.0 morpho-
logical analysis system. The integral optical density of the
positive cell values and the area occupied by positive cells
in each field were measured according to the formula:
mean optical density = (IOD SUM) area. The expressions
of IL-8 and MCP-1 in the experimental and control groups
were semi-quantitatively evaluated by the mean optical
density.

Statistical analysis

Paired t test and bivariate linear correlation analysis of mea-
surement data were conducted using SPSS 21.0 statistical
software. Differences were considered significant when P <
0.01.

Results

Histomorphological findings

In the control group, the scar tissue on the surface of the skin
was red and had a hard texture (Fig. 1c). H&E staining
showed that the dermis was thickened and that the number
of microvessels was increased. A large number of fibroblasts
and collagen fibers had proliferated and were disorganized
(Fig. 2f). In the experimental group, the scar tissue was flat-
tened compared with the control group and the redness was
faint with a soft texture (Fig. 1d). H&E staining showed that

the dermis was thinner and the numbers of microvessels in
scar tissues were significantly reduced compared with the
control group. The number of fibroblasts was decreased and
collagen fibers were more organized after treatment compared
with the control group (Fig.2e).

Immunohistochemistry results

In the control group, there was no obvious proliferation of
microvessels. The vessels were arranged irregularly without
an evident lumen (Fig.3f) and the microvascular density was
48.25 ± 8.51 mm2. In the experimental group, the number of
microvessels was decreased significantly; the lumenwas more
organized compared with the control group (Fig.3e) and the
microvascular density was 27.00 ± 5.49 mm2. The microvas-
cular density in the experimental group was significantly low-
er compared with that in the control group (P < 0.01, α = 0.05;
Table 1).

IL-8 expression

The mean optical density of IL-8 was significantly lower in
the experimental group (0.016 ± 0.011; P < 0.01) compared
with the control group (0.078 ± 0.023; Table 2). Bivariate lin-
ear correlation analysis showed a positive correlation between
microvascular density in the control group and IL-8 expres-
sion (r = 0.988, P < 0.01) (Fig. 4). The microvascular density
in the experimental group was also positively correlated with
the expression of IL-8 (r = 0.969, P < 0.01).

a b

c d

Fig. 1 a Scars immediately after
surgery. b Scars after 28 days. c
Clinical changes in control rabbit
ear hypertrophic scars after
30 days. d Clinical changes in
rabbit ear hypertrophic scars
30 days after micro-plasma
irradiation treatment
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MCP-1 expression

The mean optical density of MCP-1 was significantly lower in
the experimental group (0.018 ± 0.016; P < 0.01) compared
with the control group (0.054 ± 0.038; Table 3). Bivariate lin-
ear correlation analysis showed a positive correlation between
microvascular density in the control group andMCP-1 expres-
sion (r = 0.990, P < 0.01) (Fig. 5). The microvascular density
in the experimental group was also positively correlated with
the expression of MCP-1 (r = 0.915, P < 0.01).

Discussion

Scar tissue is formed in the human body during wound
healing, which is a continuous pathological process. After
injury, coagulation factors participate in hemostatic reactions,
followed by excessive inflammatory reactions, prolonging the
healing of skin epithelium. Abundant extracellular matrix is
produced and new blood vessels are formed, accompanied by
atypical extracellular matrix remodeling and a reduction of
cell apoptosis. Platelets, macrophages, T lymphocytes, mast
cells, Langerhans giant cells, and keratinocytes directly or

indirectly activate fibroblasts, resulting in excessive extracel-
lular matrix and hypertrophic scarring. The formation and
proliferation of blood vessels are key steps in the wound
healing process, because the growth of hypertrophic scars re-
lies on blood from the surrounding tissues [4].

As a result, the clinical use of traditional lasers for the early
treatment of hypertrophic scars aims to inhibit microvessels in
the scar. The pulsed dye laser (PDL) is mainly absorbed by
hemoglobin in blood vessels causing the thermal coagulation
and necrosis of endothelial cells. The laser is effective at im-
proving the texture, color, and tenderness of scars [5], but it
has no significant effect on the thickness and area of the scar
[6]. Common adverse reactions are persistent purpura after the
operation. The 1064-nm Nd:YAG laser also damages
microvessels in scars and reduces the number of fibroblasts,
thereby inhibiting scar proliferation. However, because the
wavelength is far from the absorption peak of oxygen and
hemoglobin, the selectivity of blood vessels is comparatively
lower than with PDL. Thus, a better result can only be
achieved by using an optimal wavelength and increasing the
energy and pulse width of the laser. Intense pulsed light (IPL)
damages and decomposes melanin granules and hemoglobin
through photo thermolysis in the scar tissue. After treatment,

a b

c d

e f

Fig. 2 Changes in histological
structure of hypertrophic scar in
control rabbit ears at a 30 days
and f 60 days. Changes in
histological structure of
hypertrophic scar in micro-
plasma irradiation-treated rabbit
ears at b 7 days, c 14 days, d
21 days, and e 30 days. H&E,
original magnification × 100
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local redness or erythema occurs. Although IPL has a thera-
peutic effect on superficial scars, because its tissue penetration
is poor, its beneficial effect on hypertrophic scars is less effec-
tive. The penetration capability of the CO2 fractional laser is
sufficient to treat hypertrophic scarring. Because it causes
marked thermal damage, skin remodeling after treatment is
better compared with other treatments; however, persistent
erythema, hyperpigmentation, and other adverse reactions
are common. The 2940-nm erbium laser inhibits the increase
in thickness, adhesion, and contracture of scars in the early
stages, but its abilities in penetrating skin and hemostasis are
relatively poor. Therefore, orthopedists require a more appro-
priate treatment for their patients.

The micro-plasma radio-frequency method used in this
study is a new technology that differs from traditional
micro-ablative laser. It has been successfully used for the

clinical treatment of various types of depression scars, super-
ficial scars, wrinkles, and skin rejuvenation [7]. During treat-
ment, it does not require interaction with the skin color base,
nor does it cause any gasification of epidermal tissues. The
remaining intact coagulation of the epidermis protects the
wound surface and accelerates wound healing, promoting scar
repair and preventing pigmentation.

To study further the therapeutic effect of micro-plasma ra-
dio frequency on early hypertrophic scars, microvessels were
marked with a highly specific vascular endothelial marker
(CD34) to indicate the change in hypertrophic scar tissue be-
fore and after treatment. The results showed that after treat-
ment with micro-plasma radio frequency, numbers of
microvessels in the hypertrophic scars of rabbit ears were
significantly reduced compared with the control group. The
thickness, color, and texture of scars were also improved.

a b

c d

e f

Fig. 3 a Microvessels of
hypertrophic scar at 30 days.
Microvessels in the micro-plasma
irradiation treatment group at b
7 days, c 14 days, d 21 days, and e
30 days. f Microvessels in the
control group at 60 days. CD34
immunostaining, original
magnification × 400

Table 1 Comparison of
microvessel density in
hypertrophic scars (paired t test)

Group n MVC (x� s ) t P

Control group 36 48.25 ± 8.51 14.67 < 0.01
Experimental group 36 27.00 ± 5.49
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There are two explanations that may account for these re-
sults. First, micro-plasma radio frequency instantly transmits
energy to the skin surface after contact. Multiple micro-pores
are formed on the surface of the skin, which may increase
oxygen permeability and improve oxygen exchange between
tissues. Because oxygen has free access to the skin surface, the
oxygen partial pressure of the epidermis and upper dermis is
increased [8]. Second, when the head of the micro-plasma
radio frequency contacts the skin, the high heat of the
monopolar radio-frequency energy stimulates the dermis
causing fibroblasts to generate collagen fibers and extracellu-
lar matrix, as well as rearrange the disorganized collagen fi-
bers in scar tissues [9]. As a result, the oxygen partial pressure
around the microvessels is elevated, relieving the hypoxic
conditions in the local microcirculation, and recovering the
microvessels to their normal state. The proliferation of

microvessels is inhibited, thereby suppressing the growth of
the scar.

However, angiogenesis in all tissues is regulated by specif-
ic promoting and inhibiting factors, which are balanced under
normal conditions. Injury to rabbit ears causes changes in the
local microcirculation. The continued hypoxic and hyperme-
tabolism conditions of these tissues increase the number of
skin fibroblasts, vascular endothelial cells, keratinocytes, and
proangiogenic factors secreted by inflammatory cells.
Nevertheless, the secretion of angiogenesis inhibitive factors
is relatively low, which increases neovascularization. In recent
years, studies have reported that the chemokine IL-8 plays a
major role in angiogenesis. It indirectly influences
microvessels through autocrine effects, but also has direct ef-
fects by binding to receptors to promote angiogenesis. This
effect is greater than that of vascular endothelial growth factor

a b

c d

e f

Fig. 4 a IL-8 expression of
hypertrophic scar at 30 days. IL-8
expression in the micro-plasma
irradiation treatment group at b
7 days, c 14 days, d 21 days, and e
30 days. f IL-8 expression in the
control group at 60 days. Original
magnification × 400

Table 2 Comparison of IL-8 IOD
in hypertrophic scars (paired t
test)

Group n IL-8 IOD (x� s ) t P

Control group 36 0.078 ± 0.023 14.94 < 0.01
Experimental group 36 0.016 ± 0.011
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and basic fibroblast growth factor. IL-8 is closely related to the
occurrence and development of various diseases [10]. MCP-1
is an important proangiogenic chemokine produced by fibro-
blasts and vascular endothelial cells, and when it signals
through corresponding receptors, it induces endothelial cell
division and proliferation. To study further the beneficial
mechanism of micro-plasma radio frequency on microvessels
in the hypertrophic scars of rabbit ears, we detected and ana-
lyzed the content of IL-8 and MCP-1 in scar tissues. The
results showed that after treatment with micro-plasma radio
frequency, IL-8 and MCP-1 levels were significantly reduced
compared with the control group. Bivariate correlation analy-
sis showed that the numbers of microvessels and IL-8 levels
were positively correlated. The reduction of IL-8 and MCP-1
in hyperplastic scars may be related to the apoptosis of endo-
thelial cells caused by micro-plasma radio frequency.

Furthermore, the synthesis and secretion of IL-8 and MCP-1
was decreased in fibroblasts and vascular endothelial cells,
and apoptosis may affect the binding rate of IL-8 and MCP-
1 to its corresponding receptors (CXCR1 and CXCR2). Thus,
the direct effect of promoting vascularization was inhibited
[11], and the formation of microvessels was reduced.
Previous studies reported a relationship between IL-8 and an-
giogenesis in hypertrophic scar tissues, whereby IL-8 and
MCP-1 are important chemotactic factors in the development
and prognosis of hypertrophic scarring. Micro-plasma radio
frequency suppresses the expression of IL-8, MCP-1, and
microvessels in scars, suggesting it might prevent and treat
hypertrophic scars in the early stages of wound healing.

However, the effect of micro-plasma radio frequency on
the microcirculation and other related factors requires further
study. Further basic research and accumulated clinical

a b

c d

e f

Fig. 5 a MCP-1 expression of
hypertrophic scar at 30 days.
MCP-1 expression in the micro-
plasma irradiation treatment
group at b 7 days, c 14 days, d
21 days, and e 30 days. f MCP-1
expression in the control group at
60 days. Original magnification ×
400

Table 3 Comparison of MCP-1
IOD in hypertrophic scars (paired
t test)

Group n MCP-1 IOD (x� s ) t P

Control group 36 0.054 ± 0.038 6.48 < 0.01
Eexperimental group 36 0.0175 ± 0.016
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experiencemay reveal the unique advantages of micro-plasma
radio frequency in the prevention and treatment of hypertro-
phic scars.
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