CICATRICIAL DEFORMITIES MANAGEMENT: A NARRATIVE REVIEW
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Abstract

Background: Treatment and prevention of the development of pathological scars (hypertrophic and keloid) is an
important issue in modern dermatology and plastic surgery due to a violation of aesthetic perception (aesthetics),
and in severe cases, the function of various areas of the human body.

The purpose of this systematic review of the literature was to analyze the proposed effective methods for treating
scar deformities of the skin.

Methods: The systematic review included articles from Google Scholar, Medline, Scopus, Web of Sciences,
PubMed. Search keywords terms included: pathological scar, therapy, botulinum toxin, laser, cryodestruction,
hyaluronidase, skin scar prevention, new methods of wound treatment, wound and skin scarring, bioengineering
surgery.

Results: Conducted a preliminary search and reviewed 132 titles and abstracts in this review and 50 full-text
articles were selected of high methodological quality.

This review concluded the necessity of developing pre-surgical methods for preventing pathological scarring,
which could potentially become a universal standard for any plastic and aesthetic surgery intervention. Treatment
depends on the clinical and morphological characteristics of athological scars.

Conclusion: The current systematic review demonstrated the need to develop presurgical methods for the
prevention of pathological scarring, which could in the future become a universal standard for any intervention in
plastic surgery, since the issue of treating skin scars is sufficiently covered in the available world literature.

Keywords: pathological scarring; therapy; botulinum toxin; laser; cryodestruction; hyaluronidase; prevention of
scarring; new methods of wound treatment; wound and skin scarring; bioengineering surgery.

presence of opposing forces that separate the line of
the postoperative suture, especially in the area of
newly formed collagen until its maturation.!
Particularly unfavorable may be scar formation on
the face due to muscle tension, which stretches the
skin edges and forms a scar under secondary
tension.?

Opposing vectors in the scar area arise due to

Facial scars are known for their unsightly
appearance and are often associated with previous
surgery or lacerations. Extensive cicatricial
deformations of the face significantly disfigure the
appearance, leaving both patients and surgeons
dissatisfied  with  the  treatment  outcomes.
Enlargement of the scar area is facilitated by the
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muscle tension, elasticity of adjacent skin, and
external pressure. Thus, the enlargement of cicatricial
deformation is mainly the effect of mechanical
impact on elastic and immature collagen. Also,
overexpression of connective tissue growth factor
(CTGF) is an important factor in hypertrophic scar
formation.® Increased levels of melatonin also have a
negative impact on skin healing and scar formation.*

Physiologically, wound healing is a synergistic
process and consists of four interrelated phases,
including hemostasis, inflammation, granulation
tissue formation, and wound remodeling. In cases of
unfavorable wound healing, there may be changes in
the patients' (especially in children) psychosaocial
status. In such wounds, the inflammation phase is
prolonged, leading to the formation of hypertrophic
and keloid scars, which are thick areas of reddish
skin that protrude above unaffected adjacent skin and
can lead to aesthetic and functional impairments.®
For this reason, most patients with facial scars strive
to improve their appearance, even in minor changes.®

Although the etiology of pathological scar
formation is still not fully understood. But it is
widely accepted that excessive tension in the wound
area is a negative factor for the normal healing
process.’

It is important to note that pathological scarring is
not uncommon and occurs in 40-70% of cases after
various surgical interventions and up to 90% cases
after burns. Pathological scarring causes a substantial
portion of visits (25%) to dermatology and
cosmetology clinics® It is estimated that
approximately 100 million people worldwide
develop scars for various reasons each year, with
15% of cases being pathological.® Moreover, in some
regions the incidence pathologic scarring reaches
16%, which necessitates the need to control the
wound healing process, treat keloid and hypertrophic
scars and finding effective measures to prevent their
development.®

In terms of areas of predominant formation of
skin scars, the face and the upper half of the body
prevail (about 90%). Kutsenko et al. (2010) noted
that keloid scars are more likely form on chest (about
40% of cases), on the upper back (about 40% of
cases), and less frequently on the face (about 1.5%),
but quite often (about 10%) on the earlobes.!

All currently used strategies for pathological
scarring management, except surgical methods, can
be divided into several major groups: therapeutic,
physical, physiotherapeutic, and alternative methods,
including the use of botulinum toxin and tissue-
engineering technologies.

1) Therapeutic management (longidase, hormone
therapy, cytostatics)

Therapeutic options for the management of
hypertrophic scars are quite widely wused in
dermatology. They mainly include drugs with high
enzymatic properties, for example, hyaluronidase
derivatives. Despite the large number of similar
substances, not all of them can be used due to high
toxicity and insufficient effectiveness in breaking
down excessively formed collagen, limiting the
aesthetic and functional outcome of treatment.?

One of the most commonly used drugs with
enzymatic activity is longidase, containing about
3000 IU of hyaluronidase on an azoximer bromide
carrier. The introduction of longidase allows
prolonging the action of hyaluronidase by increasing
the stability of molecules and protecting them from
inhibitors (up to 7 days). The therapeutic effect of
longidase is associated with breaking down excess
fibrotic tissue and inhibiting the synthesis of new
collagen fibers by depolymerizing proteoglycans
through inhibition of metalloproteinase-1.1* The
longidase also has anti-inflammatory, detoxifying,
and antioxidant effects, allowing its use not only in
dermatology but also in other areas of medicine.'*
The effectiveness of longidase depends on its
administration route (parenteral, enteral, topical) and
can reach up to 70% note a good clinical outcome
from longidase injection directly into the
pathological scar.®*'> However, the injection is very
painful for the patient, and undesirable reactions may
develop in the long-term.

In recent decades, hormonal drugs (Diprospan,
triamcinolone acetonide, and others) have been
frequently used in the postoperative period for the
prevention and management of pathological scars.
Their injections reduce collagen synthesis of a newly
formed scar, inhibiting the mitotic activity of
fibroblasts and increasing collagenase content.
Hormonal drugs suppress the active inflammatory
process, which also affects the appearance of the
scar. Hormonal agents can be used as monotherapy
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for keloid scars management or in combination with
surgery or during application of silicone agents for
symptomatic therapy.®

Complications of glucocorticoids include skin
atrophy and pigmentation.’®® In the past decade,
several studies found the effectiveness of treating
keloid scars during corticosteroid therapy in
combination  with  cytostatics  (5-fluorouracil,
bleomycin, and others).'

2) Physical methods

Cryotherapy

One of the methods of treating keloid scars
actively used in dermatology is their cryodestruction
using liquid nitrogen. When cryogenic agent is
applied at low temperatures, local necrosis of
microvessels and fibroblasts is observed. However,
Shafranov et al. note that such changes are very
limited and do not always extend to the full depth of
the keloid scar.?’ According to 1.V. Kutsenko (2010),
who treated 68 patients with keloid scars of the face
and neck using «Cry-Ac Tracker», exposing the
affected area with -40°C temperature for 2 minutes,
complete resolution of scars with a limited size (no
more than 10 cm) is achieved in 97% of cases within
3-8 weeks.!! It is worth noting that in almost 80% of
cases, the author had to perform not just one
treatment session, but 2 or 3, depending on the size
of the scars. Only in 2 patients, even after completing
the entire course of therapy, a positive effect was not
achieved. The biggest advantage of cryotherapy is
the possibility to create a strictly controlled zone of
tissue necrosis in the desired area of the face and
body.

Brachytherapy

As an adjunctive method in practical
dermatology, focused X-ray therapy (brachytherapy)
is also used in combination with other techniques for
preventing keloid scar formation and inhibiting their
growth after surgical excision. S.G. Ananian and
A.G. Stenko (2009) applied local treatment for small
or massive scars with single-field or multi-field
irradiation respectively using an X-ray machine.?
Particular emphasis was paid to treating patients with
scars larger than 10 cm2 according to the scheme
recommended by K.F.Sibileva (1977), under certain
physical conditions (current strength, distance
between the radiation source and the surface,
wavelength). The absorbed radiation dose per single

exposure ranged between 1000 and 1500 Rad and
depended on the health status of the patients, their
age, the extent of scar, and their localization. The
number of procedures ranged from 2 to 10, and
absorbed does not exceed 10,000 Rad. Treatment
was carried out in the postoperative period after
complete wound healing with active monitoring of
the effect or development of adverse reactions. In
case of unpleasant reaction, it is recommended to
discontinue brachytherapy sessions immediately.
Also, the brachytherapy should not be performed in
the presence of unfavorable factors, such as increased
UV exposure in summer.

The effectiveness of the treatment was assessed
based on changes in clinical parameters, such as:
reduction of intensity of local symptoms (burning or
itching) and discoloration, volume and height of
scars, their density and mobility. The effectiveness of
brachytherapy on the process of scar regression, the
absence/presence of relapses and side effects from
the treatment itself was also evaluated.

Laser therapy
In the last few decades, various types of laser

therapy (fractional non-ablative laser with a
wavelength of 1540 nm, carbon dioxide laser with a
wavelength of 10600 nm, neodymium-yttrium-
aluminum-garnet laser with a wavelength of 532 nm,
erbium laser with a wavelength of 2940 nm) have
been intensively wused for the treatment of
pathological scars with a good clinical outcome in
reducing scar density and collagen fiber content.
However, the level of evidence is limited and
requires further evaluation of the effectiveness of this
treatment method®22232%2650 examined and treated
218 patients with pathological scars using a carbon
dioxide laser. The evaluation of treatment results was
based on the POSAS scale (Patient and Observer
Scar Assessment Scale) and ultrasound examination
using a linear probe.?® The POSAS scale is
composed of both subjective (pain in the scar area,
itching, burning) and objective (scar color, its
thickness and height, mobility) criteria. Carbon
dioxide laser with a wavelength of 10600 nm with
CPG and Deep FX scanners was used to treat
patients with pathological scars. The Laser therapy
was divided into 3 stages: deep fractional ablation
(60-140 mJ), surface ablation (50-70 mJ, 350Hz),
entire surface ablation (100 mJ,125-150 Hz). The
authors concluded that carbon dioxide laser is not
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sufficiently effective in cases of scar deformities
alongside with functional impairments, where
surgical treatment may be more appropriate. Thus,
laser therapy is effective at the early stage of scar
formation.

It should also be noted that laser therapy is less
dependent on the cause of pathological scarring and
its localization.

3) Physiotherapy

Physiotherapy can be used as a stand-alone
treatment or in conjunction with other therapies. In
the case of multicomponent treatment, using laser,
ultrasound, electric or magnetic field as a physical
factor, a general method drug phoresis is
implemented, in which the additive effect of such
treatment is noted, exceeding the result of each
individual components.

0.S. Ozerskaya (2007) noted good clinical
outcome of using drugs with enzymatic activity (such
as collagenase). But in conjunction with
physiotherapy  (various  phoresis  techniques,
microcurrents, mesotherapy), no side effects or tissue
adaptation to the exposure method were noted,
especially in the case of using a magnetic field.?®

The literature highlights the clear advantage of
complex approach compared to monotherapy with
enzymatic medication, based on the summation and
enhancement of the therapeutic effect of each
component of treatment. Multicomponent therapy
prolongs the activity of drugs and avoids additional
trauma to surrounding tissues during targeted
delivery of the active substance to the pathological
focus.3%

N.N. Potekaev et al. (2017) treated 50 patients
with skin scar deformities at various sites and stages
of healing using a magnetic field, which was applied
to the affected areas in a pulsed mode with (Tp - 1.5-
2.5 milliseconds).® The treatment consisted of 10
procedures for hypertrophic scars, and 15 - for keloid
scars. The magnetic therapy was conducted in
combination with 3000 IU of hyaluronidase
administration. The authors noted a substantial
reduction of the area of scar deformation by 75% in
most patients (94%) at the end of the treatment
period.

4) Alternative methods of treatment (BTA, new
experimental modalities)
The onion extract is actively used in clinical

dermatology for the treatment of hypertrophic scars
and showed its effectiveness in improving the quality
of the scar and reducing symptoms in patients.33?
However, in several randomized controlled trials, the
results of its use were comparable to those with
standard therapy using petrolatum emollient.®
Moreover, no additional positive effect was found
when compared to products containing silicone.
However, the data may be insufficient due to the
treatment of patients with burn pathological scarring
rather than postoperative or post-traumatic cicatricial
deformity.*

In the last decade, botulinum toxin has been
actively used not only for correcting aesthetic and
age-related aesthetic issues but also for management
and prevention of the development of pathological
scars.

Botulinum toxin A (BTA) is a neurotoxic protein
that causes reversible muscle paralysis by affecting
the neuromuscular junction and reducing the release
of the neurotransmitter acetylcholine.®

According to recently published articles, this
effect of botulinum toxin-induced paralysis, known
as “chemoimmobilization,” has shown good clinical
outcomes in hypertrophic scar prevention, wound
healing, and management of existing hypertrophic
and  keloid  scar 36:37:3839404424344  Although
randomized clinical trials have not yet been
conducted.’

Among the latest experimental methods of
pathological scarring management, the use of stem-
cell technologies has become very promising due to
their high biological potential through the production
of active proteins, such as cytokines, cell growth and
migration factors and others, which directly modulate
the activity of fibroblasts.”® It is well-known that
during trauma caused by surgical instruments or laser
exposure in various areas of the human body, skin
cells are restored by stem cells, which further
differentiate into fibroblasts. Newly arrived cells
actively produce collagen and elastin fibers,
glycosaminoglycans, and other substances,
improving the quality of skin at microlevel. This
technique is called "neurofibrolifting” and is
proposed for the treatment of pathological scars and
skin aging using a single monthly injection.4748
This technique creates optimal conditions for newly
formed cells, inducing the formation of collagen
fibers and extracellular matrix. Disadvantages of
stem cell therapy include the need for thorough
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cosmetic care of the area in which the injections were
performed, and the scarcity of clinical data to assess
long-term treatment outcomes. 8

It is worth noting that a significant amount of
research today is focused on achieving excellent
clinical outcomes in the management of pathological
scars, rather than on their prevention. Taking into
account the polyethiological nature of keloids and
hypertrophic scars, it is difficult to develop a unified
approach to prevent pathological scars formation.

The prevention strategies are mainly taken after
surgical interventions to avoid pathologic scar
development. They involve the use of various
methods of corticosteroid administration, silicone
dressings, and other aforementioned techniques in
different combinations.*’

Currently, there is a wide range of methods and
medications for pathological scars management.
Despite diversity of treatment options, there is no
universal approach of treatment of keloids and
hypertrophic scars, as well as pre-surgical prevention
of their development.

Particularly little attention is currently paid to the
prevention and slowing down the processes of
pathological  scarring, although  this  could
significantly improve the quality of life of patients in
the early stages of rehabilitation and reduce the time
and costs of management of scars maturation*. Over
the past 10 years there has been a fairly analysis
extensive of various methods of pathological scars
treatment. But the most successful, in our view, is the
summary on pathologic scars treatment modalities,
their success rates and adverse effects given by
(Table 1).28

Table 1. The clinical outcomes of pathologic scars treatment modalities

Treatment Outcomes

Side effects

Corticosteroid injections
50% recurrence

50-100% response 9- | Injection pain, skin atrophy, hypopigmentation

Laser (PDL 585) 57-85% response Painful
Contact cryotherapy 51-76% response Painful, hypo- and hyperpigmentation, skin atrophy
Surgery 45-100% recurrence | Recurrences often bigger than original scar

0-10% recurrence

Surgery followed by
pressure therapy

6-24 months treatment duration, high treatment adherence needed, not
applicable on all body areas, depends on good pressure garment
manufacturing

Surgery followed by
corticosteroid injections

0-100% recurrence

Injection pain, skin atrophy, hypopigmentation, recurrences often bigger
than original scar

Radiation

10-94% response

Stochastic carcinogenic effects, growth interference in children

Surgery followed by
radiation

1-35% recurrence

Stochastic carcinogenic effects, growth interference in children, wound
healing problems

As can be seen from the summary table, there is
no 100% effective method or

combination of

status of patients and their pathologic scars

methods for pathological scars treatment without side
effects or adverse reactions.* In our opinion, it may
be related to the lack of a unified approach of
treatment outcomes evaluation. In clinical practice
and research, a variety of scales (POSAS, Skindex-
29, SF-36, EuroQol 5D) are used to describe the
effect of treatment and to analyze the overall health

perception. The objective indicators in clinical
studies include gender, age of patients, the
Fitzpatrick skin type, localization and visibility of
pathological scars, their number, causes of its
development, previous treatment, and
comorbidities.>°
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Considering the various methodologies described
above with different mechanisms of action and
effectiveness, we believe that the treatment of
pathological scars has already been widely studied
and described in the literature. Currently, the most
relevant issue is the development of new and
improvement of existing modalities for preventing
the keloids and hypertrophic scars formation,
especially when planning surgical interventions.
Further experimental and randomized controlled
studies are necessary in order to identify more
effective methods of pathological scars management.
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UUQG6uUbh UMNPEIGUETL 26N UUEUSPELELD ANFFUTRL UGN LEMP RGLURNMG
O1qu YFwbthpynily,! Gl Gupuynyuw?

L Muuwnhly yhpwpnyd, «®wubhsniy Jjhthjuy UNC-h giluwdnp pdhol, Oniuwunwbh QGwpbiingegyub APO
FMBA-h yuumhy b buptimhl yhpupnidnipjud pudwininiiph wuhuntin, Unulyyuw, (%

Muuwnhl] Jhpwpnyd, Oniuwumwbh wqquyht ghnwhtmugnunuiju  pdojujut - hwdwpuwpuiih
dwpuyhtt hhyubnnignititiph b jnudtimninghugh wdphntth wyipndtiunp, .. Mhpngnyh wb. Fwpbught
htimpnithwljutl ntunuituut hwumwwnnigynet, Unujgu, (%

2.

Vuwiwywmdnpynih. Nupnnghulub uyhbtiph (hhytpopndhy W YEnhnuyhtl) wnwewgiwh pnidniip W
Juiihuwpgbnudp dudwbwljujhg dwpupwinipjui L wuwuwmhl] yhpuwpnidnipyub Juplinp fuinhp k£, npp
wuwydwbwynpjud E tuptinhy pbyupiwb (buptnhl) pwpundwdp, hul dwip phiyptpnid” dwpnne dwpdth
nwppbin hwnywdttinh $niilyghwmbitinny:

Vywwnwl. Gpuuinippuit  hwdwupguwo  Jhpuwbuwydwd  Gygumuyd Ep gbpnuoly wnwewplpynn
wprynLiutim dhpnnbtpp dwphh hjunmphy nibnpiwghwbtph pniddwbt hwdwn:

Utipnnitp. <udwupgyud wljtwnpyp ttpunnid Ep hnpJuodttip Google Scholar-hg, Medline-hg, Scopus-hg,
Web of Sciences-hg, PubMed-hg: Npniiwh wmbtipdhttitpp Gpunnmd G0 wyupninghwub uwh, phpughuw,
pnunnihiintdughtt mnpuhfy, Jugtip, Yphnptiunpniyghw, hhwpnipnithnug, dwyh vyhbtiph Jubthiwupgbny,
Jtpptiph pniddwb tnp dtennitp, ytpptiph W dwpyh uyhttp, phnhtdtiipuljut yhpwpnidnipynii:
Wpynitiphip. hpuyubwgpt) £ dwpbwub npniinid 132 hnpguwd U hwdwnnnwghp' plnptnyg  pupan
dtipnnupubtujut npuwlh 50 wipnnewljul mtipunuyhtt hnnywo:

Wu wljbwpyp tqpujugimyd £, np wbhpudbyn £ duwll gqupennghujub uyghiiph jubhowpgbpdwb
twhiuppwhwwmwyjutt  dhpnnbbp, npntp Jupnn GO qunbw;  gutiugud  wuunhl U tupbnhy
Yhpwpnidwljub dhpwdmnipjud hudpnhwinip swthwbhy: Anidnudp juhJwod b wyupnnghwljut wyhbbph
Ythuhyulub b dnpdninghwljub ptinipuqgntiphg:

Gqpuljugnipnih. hwdujupgyud yipwbuwynidp gnyg wmytig yuwpnnghwjub uyhiitiph jubhupgbpdwb
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wuuwhly yhpwpnidnippui gubijugud dhpwdwmnipyub huniptinhwbnip sunhwibtihy, pwlth np dwljuyht
uyhtitiph pniddwd hwpgp pujujuibwswth pruupuingud t dudwbwujhg wphuwphnid:
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OB30P METO/10B JIEUEHU PYBIIOBBIX I[E(I)OPMAHI/Iﬁ KOXKHBIX ITOKPOBOB
Osbra Jlanumyk,! Enena Kaprnosa?

Bpau-mmnactuueckuit xupypr, rnaBusiii Bpau OOO Knnnarka JlaHuinyka», acCUCTEHT Kadenphl MIacTHYECKOR
u acretnaeckoit xupypruu AIIO ®MBA Mocksa, PO

Bpau-mnactuueckuii xupypr, npodeccop xadeapbl KoxxHbIX Oonesnel u kocmetonoruu G110 PHUMY um.
H.J. TTuporosa, Mocksa, P®

AKTyanbHOCTh: JleueHWe ¥ TpPOQUIAKTHKA pa3BUTHA TNATOJOTHUYECKHX pPYOLoB (TunepTpoduyeckux u
KEJIOWTHBIX) SIBIISIETCS BaXHOW TPOOIEMON COBPEMEHHOM NEePMAaTOJIOTHH W TUIACTUYECKOW XHUPYPTHU B CBS3H C
HapyIICHUEM 3CTETUYECKOTO BOCHPUATHS (3CTETHKH), a B TSDKEJIBIX CIydasx M (YHKIUH Pa3lIu4HbIX obiacTeil
OpraHn3Ma 4eJoBeKa.

Henbio cucremaTrmaeckoro 0030pa JHTEpaTyphl OBUT aHANW3 MpeasiaraeMbiX 3(PQEeKTHBHBIX METOJOB JICUCHHS
PYOLIOBBIX JeopMaIiii KOXKH.

Metoabi: B cuctemarnueckuii 00630p Obuti BKIOYeHbl craThu u3 Google Scholar, Medline, Scopus, Web Of
Sciences, PubMed. KitoueBbie croBa st MOKMCKa BKJIIOYATIH: MATOJOTMYECKHUI pyOel, Tepanus, OOTyJI0TOKCHH,
Ja3ep, KpHOJIECTPYKINS, THATYpOHHIa3a, TPO(PUIAKTHKA PyOIIOB KOXKH, HOBBIE METO/IBI JICUCHHS paH, pyOrieBaHme
paH 1 KOXKH, ONOUHKEHEPHAsI XUPYPTHSL.

PesyabTaThl: B 0030pe mpoBecH NpeIBapUTENbHBIN MOUCK U paccMOTpeHo 132 HauMMEHOBaHMSI U aHHOTAIUH,
oto6paHo 50 OTHOTEKCTOBBIX CTaTel BEICOKOTO METOIOJIOTHYECKOTO KauecTBa.

B stom 0030pe cmenaH BHIBOA O HEOOXOAMMOCTH Pa3pabOTKH JOOMEPALMOHHBIX METOJOB MPOPHIAKTHKH
IIaTOJIOI'MYCCKUX py6HOB, KOTOpPBIC TOTCHUHWAJBHO MOTYT CTaTb YHHUBCPCAJIBHBIM CTaHJApTOM HIO6OFO
IUITACTUYECKOTO M OCTETHYECKOTO XHPYPrHYECKOTO BMeENIAaTeNbCTBA. JleueHnWe 3aBHCHUT OT  KJIMHHKO-
MOP(OJIOrHIECKHX 0COOCHHOCTEH MaTOJIOTHYECKUX PyOIOB.

3akiaouyenne: [IpoBeneHHbBIH cUCTeMaTHYECKUH 0030p NPOJEMOHCTPHPOBAT HEOOXOJMMOCTh pa3paboTKh
JIOOTIEPAIIMOHHBIX METOJIOB NPO(QHIAKTHKHA MATOJOTUYECKUX PYOILIOB, KOTOpBIE MOTJIH Obl B OyAylIeM CTaTh
YHHUBEPCAJIbHBIM CTaHIAPTOM JIOOOTr0 BMEIIATENhCTBA B IUIACTHUECKOW XUPYPIUH, MOCKOJIBKY BOMPOC JICYCHUS
PYOILIOB KOXH JOCTATOYHO OCBEIIEH B COBPEMEHHOM MHpE.

Danishchuk O, Karpova E. Cicatricial Deformities Management: A Narrative Review. Bulletin of Stomatology and
Maxillofacial Surgery. 2024;20(1):101-110. doi: 10.58240/1829006X-2024.1-101
110



