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INTRODUCTION

The problem of prevention and treatment of keloid and
hypertrophic scars is of current importance.

Intensity of scars may depend on numerous factors:
depth of skin lesion, character of wound healing, method
of treatment and prescription of injury, localization and dis-
order of regeneration.

The majority of researchers consider that mechanism of
forming of pathologic scars is connected with disorder of
correlation between synthesis and destruction of collagen.
Others believe that disoder in relations between fibroblast
and macrophage has the leading role in this process. Ac-
cording to the literature data the reason of their onset is
chronic inflammation, hypoxia, immunologic shifts. Treat-
ment of this pathology is accompanied by solving of num-
ber of problems which is proved by applied of numerous
methods, techniques and means. The latest researches
prove the possibilities of correction of trophic disorders in
the zone of pathologic changes, normalization of ratio of
metabolic processes and also antiinflammation and immu-
nomodulatory effect of ozonotherapy. These researches
let us suppose about the influence of ozone upon forming
of healing tissue of skin.

MATERIAL AND METHODS

We have researched and treated 179 patients with deep
skin burns. It was aimed at the detection of histological
characteristics of structure of pathological scars (hypertrophic

and keloid) and their changes during the treatment. The
samples of normal skin were taken from the patients hav-
ing been operated and without postburn scars (59 patients
at the age from 18 to 56). The samples of healing tissue
were taken by bioptic sampling and also by surgical exci-
sion of hypertrophic (128) and keloid (51) scars from the
patients at the age from 18 to 60. The age of scars was
varied from 2 to 18 months. Area of the scar was from 3%
to 40% from the total area of the coverlet. Indications “hy-
pertrophic” and “keloid” scar are given on the basis of clin-
ical research according the commonly used criterion.

The age and sex of the patients are represented in the
table I.

Biopsy material was fixed in 10% neutral formalin, the
material was embed in paraffin, then sections 7-10 mkm
thick were prepared, which were stained by hematoxylin-
eosin and picrofuchsin according Van-Gizon. Observation
of biopsy material was conducted with microscope LEICA
DMLS, being equipped with video camera JVC and con-
nected up with personal computer.

All the patients were devided into 2 groups. The first
control group had 88 patients, which were treated tradi-
tionally – by electrophoresis with lidase. The second basic
group had 91 patients with pathologic scars and was treat-
ed with medical ozone.

The patients of both groups had prophylactic therapy in
1.5-3 months after the beginning of scar forming.

Then the patients were given 2 courses of ozone thera-
py. The first course is in 6-8 month after epithelization, the
second is in 12-18 months after epithelization.
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During the prophylactic treatment when the pathologic
scar was not formed the concentration of ozone-oxygen
mixture was 15 mg/L. The procedures were conducted
every day. The course included 10 procedures.

Applying ozone in treatment we used its lower concen-
tration (10 mg/L) and did it every other day. The ozone-
oxygen mixture was injected into the scar depth with sy-
ringe with insulinic needle on the basis of 1 mL of gas
mixture to about 1 cm of heeling tissue.

During the morphological investigation of healing tissue
there are the following histological changes.

Epidermis has got thin, splitting has got broken, there
was little melanin in the basal layer or it was absent, statum

papillare of derma was smoothed or it was absent here
and there, appendages of skin (hair, sebaceous and sudo-
riferous glands) in the area of the scar was not discovered
(Figure 1).

In subepidermal layer there was edema and nonspecif-
ic chronic inflammation (Figure 2).

In derma there were thickened, confusedly situated
collagen fibers with focuses of dystrophic changes. The
numerous vessels (up to 10 in the range of vision at 400)
are distributed to the scar depth more or less evenly, there
is a clear area of edema with inflammation reaction of dif-
ferent intensity around the vessels, capillary endothelium
is succulent and turgid (Figure 3).

During studying biopsy materials of healing tissue, ob-
tained after prevention treatment of the basic group, there
were positive structure functional changes of the skin, epi-
dermis has become thicker in the area of the scar, statum
papillare has been restored greatly, there was clear divi-

Table I.

Nature Age Sum
of injury 18-40 49-59 60 and upwards total

m f m f m f abs. %

Postburn scars 39 40 21 23 2 3 128 71.6
Postoperative scars 13 14 11 11 1 1 51 28.4
Total abs. 52 54 32 34 3 3

179 100% 29.0 30.1 17.8 18.9 1.6 2.23

Figure 1. Pathological scar microslide of patient D (epidermis
is thin with marked dystrophic changes, splitting is broken,
melanin in the basal layer is not accumulated, statum pap-
pilare and appendages of skin are absent). Hematoxylin and
eosin stain, ×400.

Figure 2. Subepidermal layer microslide of pathological scar
of patient T. (inflammatory infiltration and edema around
the capillary – pointed by the arrow). Hematoxylin and eosin
stain, ×400.
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sion of epidermis into the layers with accumulation of
melanin in the basal layer (Figure 4).

Edema of subepidermal layer has disappeared almost
completely, there was clear resorption of thickened col-
lagen fibers in derma (Figure 5).

In the control group with pathologic scars where tradi-
tional treatment took place after prophylactic treatment
epidermis stayed thin, statum papillare has restored incom-
pletely, melanin began to accumulate slightly (Figure 6).

After the first treatment course in the basic group the
structure of skin has not restored completely, but has ap-
proximated to norma, there was derma splitting, melanin
accumulation in cells of basal layer approximated to nor-
ma, statum papillare has almost restored, appendages of
skin (sebaceous and sudoriferous glands, hair follicles) have
restored incompletely, location of collagen fibers in derma
has regulated greatly, but they were not corresponding to
standard structure (Figure 7).

Capillaries in derma became narrow, as if with diminished
lumen and thin endothelial wall. Friable perivascular zone with

Figure 3. Derma microslide of pathological scar of patient C.
(chaotic location of thick fiber bundles stained in cardinal co-
lour; among them there are vessels with clear edema aroun
them –pointed by arrows). Picrofuchsin stain according Van-
Gizon, ×200.

Figure 4. Microslide of pathological scar of patient T. (incom-
plete restoration of derma statum papillare with melanin accu-
mulation in melanphores of basal layer - pointed by the ar-
row). Hematoxylin and eosin stain, ×400.

Figure 5. Derma microslide of pathological scar of patient B
(thinning and fragmentation of collagen fibers –pointed by the
arrow, inflammation infiltration is absent). Picrofuchsin stain
according Van-Gizon, ×200.

Figure 6. Derma microslide of pathological scar of patient T.
(epidermis is thin, corneal layer is not desquamating, statum pap-
illare has restored slightly). Hematoxylin and eosin stain, ×100.
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mononuclear infiltration in such vessels was absent (Figure 8).
The patients of the control group had no considerable

changes. Edema remained, there was perivascular inflam-
mation nidus.

Reapeted biopsy after the second treatment course were
conducted to the basic group of patients with pathological
scars which were treated with medical ozone. Morpholog-
ic changes were less expressed than after the first course:
there was more clear splitting of epidermis, statum papil-
lare was near normal, but relatively chaotic location of col-
lagen fibers in derma remained (Figure 9).

Patients of control group had slight morphologic changes:
epidermis remained thin, statum papillare was partly restored.
Collagen fibers remained thickened, chaotic located, with-
out clear fragmentation and thinning. Edema and nidus of
nonspecific inflammation remained here and there, num-
ber of vessels was invariable. In some cases keloid area be-
gan to spread outside affection zone, which was clinically
accompanied by increase of keloid scar (Figure 10).

Figure 7. Derma microslide of pathological scar of patient T.
(appearance of hair follicles in the scar area – pointed by the
arrow). Hematoxylin and eosin stain, ×100.

Figure 8. Derma microslide of pathological scar of patient B.
(diminished capillar without perivascular infiltration and ede-
ma is pointed by the arrow). Hematoxylin and eosin stain, ×100.

Figure 9. Derma microslide of pathological scar of patient E.
(epidermis with layer division, clear statum papillare with slight
subepidermal edema, chaotic location of collagen fibers in der-
ma). Hematoxylin and eosin stain, ×100.

Figure 10. Derma microslide of pathological scar of patient T.
(epidermis is thin, corneal layer is faintly expressed, statum
papillare has restored slightly, there was edema and nonspe-
cific inflammation). Hematoxylin and eosin stain, ×100.
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CONCLUSION

Conducted morphologic investigation made it clear that
treatment with ozonotherapy at first 6-8 months after the
injury led to resorption of healing tissue, took away edema
and nonspecific inflammation, improved microcirculation
and greatly decreased the probability of keloid scars form-
ing in comparison with the patients of control group. Ozo-
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notherapy was less effective in later period, resorption of
healing tissue passed slowly, though edema and nonspe-
cific inflammation partly stopped, and epidermis structure
was near to normal.

On the basis of conducted morphologic data one can
make a conclusion about the preference of prevention and
treatment of pathological scars in early period to 6-8 months
from the time of their formation.
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