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Abstract

Introduction: The rabbit ear hypertrophic scar model is a preferred animal model of excessive scarring for investigating the scar-
ring process and novel treatment modalities. In this model, surgical removal of perichondrium can be challenging, and it is often
insufficient or damages the underlying cartilage. It is hypothesized that cryosurgery would offer a more efficient alternative to con-
ventional surgery. The objective of this study was to compare structural changes in scar tissues in two groups of the hypertrophic
scar model: cryosurgery compared to standard conventional surgery.

Methods: We introduced a novel technique to remove perichondrium using cryosurgery. Hypertrophic scars obtained with conven-
tional surgery and cryosurgery were studied in a left-right comparison method. Comparative parameters included the histological
structure of the scars and structural changes in the cartilage just beneath the scarring.

Results: Cryosurgery produced similar scars in comparison to conventional surgery. Although statistically not significant (p =
0.16), the histological findings of cartilage damage were lower in the cryosurgery group (six out of 21) compared to the established

model (10 out of 20).
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Conclusions: This study suggests that cryotherapy can be used for removal of perichondrium.
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Introduction

The rabbit ear hypertrophic scar model (REHSM) is one of the most
advanced animal models of excessive scarring because it provides
reproducible scars similar to human scarring with regard to their
macroscopic and histological appearance (1, 2). These scars per-
sist for months and respond to scar-modulating treatments with
various agents (1—4). The model is based on the removal of skin
and underlying perichondrium at least 7 mm in diameter using
a punch biopsy with a corresponding size (Fig. 1a—b). Complete
removal of the perichondrial layer is necessary because it delays
reepithelialization for 8 to 14 days in 7 mm punch biopsy wounds
(2). Perichondrial tissues remaining at the wound bed lead to fast-
er epithelialization, and so an optimal hypertrophic scar (HS) may
not form. Practically, if the perichondrium cannot be removed
thoroughly at once, removal of the residual perichondrium can be
problematic. During the removal of perichondrial remnants, the
underlying cartilaginous tissue can be damaged (Fig. 1c) even by
experienced hands. Jia et al. previously reported that the surgical
removal of perichondrium could result in cartilage desiccation,
although they had been implementing REHSM with success for
over a decade (5). In this case, injury-related changes can occur
under the scar tissue, including cartilaginous proliferation and
even metaplastic changes. Even though they can be detected his-
tologically, the existence of these tissues can lead to mispercep-
tions of scar height macroscopically or affect the therapeutic re-
sponses of scar-modulating agents.

Due to these reasons, we looked for an alternate approach to
remove perichondrium. As an efficient and well-controlled tool
targeting tissue removal, cryosurgery is being performed by many

dermatologists in their everyday practice (6). In this study, we hy-
pothesized whether cryosurgery could be used effectively for the
removal of perichondrium in a simpler and easily reproducible
model instead of the previously described conventional surgery.

Methods

The study was carried out with the approval of the Animal Ex-
perimentation Ethics Committee of our institution (no. 14/190).
Six young male New Zealand white rabbits (3,000 to 3,500 g)
were used. The animals were kept under standardized housing
and animal care conditions following the guidelines of the ethics
committee.

Surgical procedure

Removal of the perichondrium was performed with conventional
surgery on the left ears and cryosurgery was performed on the
right ears. To prevent any possible performance bias, surgical re-
moval was performed by an experienced surgeon as previously
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Figure 1 | Appearance of the wounds on the rabbit ear after the removal of a) skin
and b) perichondrium; c) cartilage damage on the right side of the wound and
residual perichondrium on the left side (tip of the instrument).
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described (1, 2). Cryosurgery was performed by the investigating
dermatologist (Fig. 2).

e 4 \ L o
Figure 2 | a) Application of liquid nitrogen to perichondrium and b) desquama-
tion of the necrotic perichondrial layer on day 16; ) appearance of fully evolved
hypertrophic scars with cryosurgery on day 28.

The rabbits were anesthetized with an intramuscular injection
of ketamine (45 mg/kg) and xylazine (5 mg/kg). Four wounds were
created on each ear with an 8 mm biopsy punch on the ventral
skins of the ears. After the removal of the skin, perichondrial tis-
sues on the right ears were subjected to liquid nitrogen with a cry-
ospray (spray tip C) from an approximately 5 cm distance thrice
for 2 to 3 seconds (3 seconds for proximal parts, and 2 seconds for
distal parts of the ear because of its thinner structure). At the end
of the procedure, 48 wounds were created on six rabbits. On day
28, scars were harvested with more than a 5 mm margin of adja-
cent skin and the animals were sacrificed.

Histological evaluation

Histological evaluation was performed by two pathologists, who
were blinded to the origin of the samples. After fixation with 10%
buffered formaldehyde solution, the samples were put into a buff-
ered formic acid solution for decalcification. Once processed, the
samples were embedded in paraffin. We obtained 5 pm sections
from the samples and stained them with hematoxylin-eosin for
routine histopathological evaluation, and Masson-trichrome
stain for morphometric analysis of scar tissue.

The histological evaluations focused on the HS tissue itself to
determine the efficacies of the techniques and on the area under
the scar to identify injury-related findings. For the morphometric
analysis of the scar tissue, the hypertrophic index (HI), fibroblast
density, and collagen index (CI) were used, as previously de-
scribed in detail (7). Briefly, HI and CI were calculated as the ratio
of the greatest vertical height and collagen density of scar tissue
to adjacent unwounded tissue around the scar. The fibroblast
density was the number of fibroblasts within the scar in 1 mm (2).

Structural changes under the scar were classified according to
predominant tissue type (Fig. 3). Cartilaginous tissue, whether hy-
pertrophic or not, was considered normal, whereas osseous and
fibrous tissue replacements were considered abnormal reaction
patterns.

Statistical analysis

The Statistical Package for Social Sciences (SPSS Inc, Chicago, IL,
USA) version 20.0 was used to perform all the statistical analyses.
The Kolmogorov-Smirnov test was used for analyzing the distri-
bution pattern of the data, and normally distributed continuous
variables were expressed as mean * standard deviation. Mean
values between groups were analyzed using Student’s t-test. Dif-
ferences were considered significant at p < 0.05.
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Figure 3 | Histological structure of dermis and cartilage, displaying a) normal
dermis including skin appendages (arrow heads) and normal cartilage (aster-
isks); b) hypertrophic bluish cartilage (asterisks) due to loss of intercellular
chondroid purple-lilac matrix, it also has an irregular boundary line (arrows)
compared to normal histology, there are no skin appendages; c¢) metaplastic
bone tissue (asterisks); and d) completely cellular fibrous tissue (asterisks)
and slight increase of vascularity (Masson’s trichrome stain, x100).

Results

Four wounds in the surgical excision group and three wounds in
the cryosurgery group were eliminated from morphometric analy-
sis due to invagination of epithelial tissues, most probably due to
improper technique. All other wounds exhibiting clinical features
compatible with HSs were included in the histological evaluation.
Perichondrial tissue was not evident in fully evolved HSs, but it
was clearly observed in ambiguous scars and metaplastic tissues.

We found no statistically significant difference between the two
methods in relation to scar morphology (Table 1). Based on the
similar results of scar morphology with each method, cryosurgery
is as efficient as conventional surgery for causing HS formation.
With regard to the structure of the tissue under the scar (Fig. 3),
cryosurgery yielded a higher rate of normal tissue in comparison
to the conventional surgery group: 15 out of 20 (71.5%) versus 10
out of 20 (50%; p = 0.16; Table 2). However the difference between
groups did not reach the level of statistical significance (p = 0.16).

In both groups, in addition to the loss of skin appendageal
structures, irregular, hypercellular, hyalinized collagen band fib-
ers and a slight increase in vascularity were seen in the dermis of
the samples compared to normal histology.

Table 1 | Comparison of histological parameters of scar tissues in treatment
groups.

Parameter EXC|S|((r),n=al250l;rgery Cr{:iu;glt)ery p-value
Hypertrophic index 1.52+0.4 1.63+0.5 0.459
Collagen index 1.2+0.1 1.1+£0.1 0.076
Fibroblast count (mm2)  631.4+197.7 661.9+184.4 0.612

All values are given as mean * standard deviation. The Kolmogorov-Smirnov
test was used for analysis.

Table 2 | Comparison of histological structure under scarring.
Excisional surgery  Cryosurgery

Predominant tissue (n = 20) (n=21) p-value
Cartilage 10 15 0.16
F|brou§/metaplast|c 10 6

bone tissue

Student’s t-test was used for analysis.
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Discussion

This preliminary study compared morphological parameters
within scar tissue to evaluate the efficacy of the method and the
morphological features of the cartilage under the scar to reveal
any collateral injury that can affect the success of REHSM.

The histological parameters of cryosurgery within the scar
revealed high similarity to conventional surgery without statisti-
cal significance. In this regard, it can be said that cryosurgery is
capable of developing consistent HSs, parallel to the previously
described conventional method.

Despite avoidance during the procedure, cartilage can be in-
jured when interfering with perichondrium. Cartilage prolifera-
tion is an anticipated finding and has been reported previously
with this model (1, 2). However, considering the osseous and
fibrous tissues determined in this study, we were unable to find
any previous reports with REHSM in our PubMed search. Interest-
ingly, in 1961, Joseph et al. investigated structural changes of the
rabbit ear during wound healing after the removal of skin only or
in combination with cartilage, concluding that metaplastic bone
formation was detected in all the samples of both groups (8). Re-
placement of cartilage with fibrous tissue was also defined in rab-
bit ears as a result of full-thickness cartilage injury (9). There exist
numerous cases of localized bone tissue formation in humans,
mostly associated with local injury and intense inflammatory
reaction (10). Therefore, we considered metaplastic tissues un-
der the scar in response to tissue injury. In our study, metaplas-
tic bone tissue was detected in 30% and 19%, and fibrous tissue
in 20% and 9.5%, of the wounds in excisional surgery and cryo-
surgery groups, respectively. Although statistically insignificant,
these outcomes indicate the superiority of cryosurgery over exci-
sional surgery with regard to cartilage injury.

Limited damage to cartilage with cryosurgery can be attributed
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to its adjustability, leading to well-aimed and controlled destruc-
tion of target tissue. It is possible to change freezing parameters
such as duration of freezing, repetition of freeze-thaw cycles, and
probe size to maximize the destruction of target tissue while mini-
mizing the injury to adjacent non-targeted tissue. Another possible
explanation may depend on the avascular structure of cartilage.
As is known, the destructive mechanisms induced by cryosurgery
are not limited to its physical effects (11). In the vascular phase of
cryoreaction, delayed-type cell destruction occurs due to vascular
stasis and subsequently ischemic necrosis. However, as an avas-
cular tissue, the vascular phase cannot occur within cartilage and
can therefore make it resistant to cryosurgery in our case.

This study had some limitations. It was carried out on a rela-
tively small number of samples and a larger number of samples
could help draw more accurate conclusions about some differenc-
es that did not reach a statistically significant level in this study.

Conclusions

In conclusion, the susceptibility of perichondrium to cold injury
compared to cartilage, coupled with the versatility of cryosurgery,
which enables selective damage to the targeted tissue, makes
this procedure suitable for the delicate removal of perichondri-
um. Hence, cryosurgery, as an efficient procedure compared to
conventional surgery, can be considered a useful alternative for
REHSM, lessening limitations including cartilage injury and the
need for skilled surgeons.
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