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Abstract: Wound healing is a complex, multi-step process. This process begins immediately after
skin damage. The outcome of wound healing depends on the quality of each stage of this process:
a normal or pathological scar. Violation of wound healing entails a decrease in the function of scar
tissue as well as aesthetic dissatisfaction with the patient. This problem is especially important in
aesthetic surgery. Patients who have come for beauty feel frustration, obtaining pathological scars.
We have been dealing with the problem of wound healing after plastic surgery for about 10 years.
Our approach includes the assessment of the risk of pathological wound healing and the treatment of
high-risk patients. The risk assessment includes historical data on wound healing, signs of connective
tissue dysfunction (especially patients with connective tissue dysplasia), and genetic polymorphisms
of genes responsible for the structure of the components of the extracellular matrix of the skin. In the
future, patients with a high risk of pathological scarring can be prescribed treatment after surgery.
This article presents a clinical case in which we demonstrate our approach.

Keywords: wound healing; scars; plastic surgery; rejuvenation

1. Introduction

Wound healing is a complex process aimed at maintaining the integrity of the body [1].
Tissue regeneration without scarring is possible only in the fetal period of development; in
the postnatal period, healing occurs with scar formation [2]. With normal healing of skin
wounds, normotrophic scars are formed that do not protrude above the surface of the skin.
Hypertrophic or keloid scars may occur with impaired wound healing [3]. Hypertrophic
scars disrupt the functions of the skin, so there is a decrease in the mechanical properties of
the skin inherent in the skin without a scar [4]. In addition, a scar is an aesthetic defect that
negatively affects the psychological state of the patient.

A special place is occupied by the problem of hypertrophic scars in aesthetic medicine.
On one hand, patients often apply for the correction of an already existing hypertrophic
scar. On the other hand, some aesthetic procedures can lead to the formation of scars,
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most often during plastic surgery and dermatosurgery (when removing skin neoplasms).
The formation of hypertrophic scars after aesthetic procedures has an extremely negative
assessment by the patient, since instead of the aesthetic improvement that the patient
requested, an aesthetic defect was obtained.

There are many reasons for the formation of hypertrophic scars, among which external
and internal ones can be noted. However, the search for pathogenetic processes and related
treatment principles is still ongoing [5]. Currently, the search for information is focused on
molecular mechanisms. There are also studies showing the role of the mutation of genes
responsible for the extracellular matrix of the skin in the violation of wound healing [6].
The extracellular matrix of the skin plays a huge role in various skin functions including
skin healing [7]. Along with other genes, in the violation of wound healing, the role of
genes responsible for the synthesis of skin collagen was shown [8]. Another study showed
the role of ELN gene mutations in the development of nonsyndromic striae disease [9].
The association of skin healing disorders with mutations of MMP genes has not yet been
revealed [10]. Studies on the role of the mutation of genes responsible for remodeling the
extracellular matrix are actively ongoing [11].

Monogenic disorders of the extracellular matrix are known as hereditary connective tis-
sue diseases (the most famous being Ehlers-Danlos syndrome, Marfan syndrome, etc.) [12].
There is also a group of multifactorial diseases where various genetic variations of the
extracellular matrix genes can presumably play a role, along with other external factors [9].
Often, the manifestations of such pathology appear against the background of involutional
changes in the skin, leading to a decrease in synthetic and proliferative cell activity [13]. A
unified global approach to the classification of such conditions has not yet been developed:
some studies have mentioned mutations in certain genes, while others have mentioned the
marfanoid phenotype. In Russia, such connective tissue pathologies are allocated to the
group of connective tissue dysplasia (not related to hereditary connective tissue dysplasia).
The clinical symptoms of connective tissue dysplasia, along with other symptoms, are
multiple hypertrophic or atrophic scars [14].

A unified approach to the diagnosis of connective tissue has also not yet been de-
veloped, but Russian recommendations for the management of such patients include the
search for clinical symptoms of connective tissue pathology, which includes pathologies
of the bone and joint system, cardiovascular, and other systems. The main skin symp-
toms include hyperextension of the skin, the vulnerability of the skin, and the presence of
hypertrophic or atrophic scars.

Currently, various commercial variants of genetic testing have become widespread. In
Russia, such tests are available to patients, so sometimes, such patients come to the doctors
with the results of these tests. The difficulty of interpreting the tests lies in the fact that they
cover a fairly small part of possible mutations. Thus, they cannot fully assess the risk of
pathologies. However, when identifying some mutations, the doctor should take this into
account in the general calculation of risks.

For 10 years in our practice, we have been working on a comprehensive approach to
the management of patients after surgery (most often after blepharoplasty), the removal of
skin neoplasms or other skin injuries to minimize the risk of hypertrophic scar formation.
This approach includes an assessment of the risk of pathological scarring and principles
of the management of patients with a high risk of pathological scarring. The risk of
hypertrophic scars is determined based on the patient’s history, the patient’s lifestyle (such
as aggravating factors of smoking, frequent UV-insolation). Additionally taken into account
is the presence of clinical symptoms of connective tissue dysplasia, genetic polymorphisms
of genes responsible for the synthesis of components of the extracellular matrix.

Management of patients with postoperative wounds is possible in various ways:
injections of botulinum toxin type A, platelet-rich plasma, silicone-based patch application,
and many other methods [15,16]. Our management of patients with healing wounds is
aimed at improving patient compliance as it is well-known that high compliance contributes
to more effective treatment [17].
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Our patient management involves the complex work of surgical and non-surgical
methods aimed at improving the quality of the skin (rejuvenation). Thus, after surgery,
the patient undergoes a course of rejuvenation injections, while part of the rejuvenation
product is used in the area of wound healing. With this approach, we can see a fairly high
patient compliance:

— It does not require additional actions of the patient at home;

— It does not require the purchase of additional medicine as previously planned rejuve-
nation injections are used;

— It does not require additional time; and

—  The patient is under the doctor’s control in the next 1-2 months.

When planning plastic surgery or removing skin neoplasms, we initially coordinate
the timing with annual skin rejuvenation procedures. In this way, the patient does not need
to carry out additional therapeutic measures.

In this example, the main points of clinical work according to this approach are
presented. In this case report, we describe an example of scar repair following surgery on
the arm region.

2. Case Presentation

A 40-year-old woman with postoperative 30 mm suture after lipoma removal surgery
on the arm presented a strong desire to prevent scar hyperplasia. She had a history of
pathological wound healing after cesarean section and removal of skin neoplasms. In
addition, there was a divergence of the wound edges under the influence of a mechanical
factor after removing the stitches. In the external examination, hypertrophic scar on the
remodeling phase were seen in place after cesarean section (18 months ago) as well as
several hypertrophic white scars after the removal of skin neoplasms. This patient has some
signs related to the clinical symptoms of connective tissue dysplasia: skin hyperextension,
arachnodactyly, flat feet, nephroptosis, mitral valve prolapse, and hypertrophic scars
(Figure 1).

In the analysis of genetic polymorphisms of connective tissue, SNP was detected in the
ELN gene (responsible for elastin synthesis) Rs2071307 (c.1264G > A) (A; G). Other genes
involved in extracellular matrix synthesis were medium-population (normal) (Table 1).
SNP genes responsible for extracellular matrix remodeling are also present. However, their
role in wound healing disorders has not been studied yet.

For the management of the patient, a skin rejuvenation product Teosyal Redensity
1 (Teoxane SA) was selected. This product has a special composition for the synthesis of
components of the extracellular matrix. This composition includes hyaluronic acid, e-lipoic
acid, glutathione, N-acetyl-L-cystein, L-arginine, L-isoleucine, L-leucine, L-lysine, glycine,
L-valine, L-threonine, L-proline, pyridoxine, zinc acetate, and copper sulfate.

In the process of wound healing in the skin, the construction of proteins comes from
amino acids and any lack of amino acids in the body will affect the wound healing. In
total, four procedures were performed: intradermal injection of the product in the area of
the entire scar by 0.2 mL per 1 session (Figure 2). The remainder of the product (0.8 mL)
was used to rejuvenate the skin of the face. The interval between the first three procedures
was three weeks, the fourth procedure was performed three months after the end of the
previous three procedures.

Complete healing of the scar occurred after nine months. A normotrophic scar formed,
not protruding above the surface of the skin. The width of the scar in the initial parts was
about 0.5 mm, in the middle of the scar (where there was a discrepancy of the postoperative
suture) at 2.5 mm (Figure 3). Under the scar area, there was a slight deficiency of subcu-
taneous fat due to lipoma removal. For comparison, Figures 46 show other scars on the
patient. The scar in Figure 4 was formed after cesarean section (after 26 months). In the area
of the scar, areas of hypertrophy are visible, with the elevation of the scar above the skin
surface up to 2 mm, and the remodeling stage was not completed. Figure 5 shows a scar
after the removal of a neoplasm on the skin of the face after 10 years. Scar tissue protrudes
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above the skin surface by 2 mm, and the diameter of the scar is 5 mm. Figure 6 shows
two scars after the removal of a neoplasm on the skin of the neck. The first (on the lateral
side) shows the scar after 12 years. Scar tissue protrudes above the skin surface by 1.5 mm,
and the diameter of the scar is 5 mm, with an initial wound diameter of about 3—4 mm.
The second scar (on the central part) was improved with a rejuvenation injection (Teosyal
Redensity 1) five years ago. It is almost invisible; we could see just hypopigmentation in
this place.

Table 1. The result of the genetic analysis of genes responsible for the structure of the extracellular

matrix.
Gene Protein/Enzyme Encoded by This Gene RS Normal Result
COL1A1 Encoding the «1 chain of collagen type I Rs1800012 G/G G/G
ELN Encoding the elastin Rs7787362 T/T Cc/C
HAS1 Encoding the hyaluronan synthase 1 Rs7248778 G/G G/G
MMP1 Encoding the matrix metallopeptidase 1 Rs1799750 -/- G/-
MMP3 Encoding the matrix metallopeptidase 3 Rs3025058 A/A A/A
TIMP1 Encoding the tissue inhibitor of Rs4898 c/C C/T

metalloproteinase 1

Figure 1. Cont.
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Figure 1. Some of the phenotypical traits of the patient: hyperextensible skin (above the lateral edge
of the clavicle) (A) and arachnodactyly (test of grip of the wrist with one and five fingers) (B).
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Figure 2. The general scheme of the treatment.
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Figure 4. Hypertrophic scar after cesarean section (after 26 months).

Figure 3. Normotrophic scar after four procedures (after nine months) on the arm.
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Figure 6. The scar after removal of a neoplasm on the skin of the neck after 12 years (at the lateral
side) and the scar after removal of a neoplasm on the skin of the neck after five years (at the central
side).
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3. Discussion and Conclusions

Hypertrophic and keloid scars are a serious problem in aesthetic medicine. Even small
scars after medical interventions are difficult for patients to perceive [18]. The problem
of wound healing management has not yet been solved despite numerous studies on this
topic [19-28]. From the authors’ point of view, this problem should be investigated from two
positions. First, we need to understand which patients are at high risk of scarring disorders.
If there are clear criteria, these patients are more likely to need special therapeutic measures
aimed at normalizing the wound healing process. Moreover, before procedures aimed at
damaging the skin, such patients will need to pay special attention to the possibility of
pathological scarring during the consultation. Before performing procedures that damage
the skin, patients need to evaluate all the pros and cons. The second aspect that is necessary
is the search for effective methods of prevention and the treatment of scars. Currently, many
different methods are known including injections of botulinum toxin type A, platelet-rich
plasma, silicone-based patch application, and many other methods [15,24].

Despite the large number of existing methods for the treatment of scars, few plastic
surgeons in Russia currently provide such recommendations after operations. Unfortu-
nately, we have a situation where plastic surgeons work separately from cosmetologists.
Thus, patients with pathological scars arrive at cosmetologists too late. In any case, the
lack of a unified approach for managing patients leads to the patients’ disappointment in
aesthetic medicine when receiving pathological scars.

This clinical case reflects our approach to the management of patients after surgery.
The main idea of this approach is to include the patient after surgery (mostly blepharoplasty)
in the general aesthetic treatment. Patients who require blepharoplasty most often need
facial rejuvenation. Thus, by including the patient in the process of general rejuvenation, no
additional methods are required to correct the scar. The absence of additional treatments,
actions, and payment increases the patient’s compliance.

Thus, all patients who have come to our clinic for surgery are first evaluated from the
position of the risk of wound healing disorders. Then, patients with a high risk of pathology
are treated together by cosmetologists and plastic surgeons using the above-mentioned
approach. This method is applicable to different patients during wound healing.

4. Declaration of Patient Consent

The authors certify that they obtained all appropriate patient consent forms. In the
form, the patient has given her consent for her images and other clinical information to
be reported in the journal. The patient understands that their name and initials will not
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be guaranteed.
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