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Abstract
The aim of the study is a comparative analysis of morphological biopsies of the mucous
membrane of mini pigs subjected to fractional processing and without it. We studied 10 fragments
of mini pigs' mucous membranes, taken from 5 animals, where 5 were control and 5 were
experimental ones. The study was conducted symmetrically on the lower jaw. We took a free
mucosal graft from the palate and transplanted it to the recipient zone on the lower jaw from the
apex of the alveolar process to the transitional fold. The experimental samples were subjected to
fractional laser treatment Er;Cr;YSGG 2780nm, tip turbo nozzle MX-5, power 1.25 W. Mucosal
biopsies in the experimental and control zones were studied by histological examination methods. It
was revealed that fractional processing caused fibrotic changes of the underlying fibrous layer with
its significant thickening and compaction of collagen fiber, which contributes to an increase in the
volume of oral mucosa and the keratinized gum zone.
Experimental article (J Int Dent Med Res 2022; 15(2): 521-525)
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Introduction
The thin biotype of the gingival mucosa,
the absence of attachment, as well as the visual
presence of defect due to bone atrophy, cause
functioning disorders of teeth, dentures, implants,
and as a consequence, the disorders of the
whole organism 1-3.
Soft tissue augmentation in dentistry is a
relative problem in clinical practice. Since bone
tissue atrophies after tooth extraction and
periodontal diseases, the gum is also susceptible
to atrophy and recession 2. It is not always
necessary in clinical practice to increase bone
tissue to repair the defect, in many cases an
increase in the volume of the attached
(keratinized) gum is sufficient. This allows to
create the necessary volume of soft tissue that
performs the function of the so-called "gingival
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cuff" around the implant or tooth, which creates a
reliable barrier against infection, reducing the
problem of periodontitis or peri-implantitis, as well
as a cosmetic defect 2-6. To date, this problem is
eliminated in practice, due to the transplantation
of a FMG (free-mucosal graft) from the maxillary
tuberosity or palate. However, it is not always
possible to take the required volume of soft
tissue from the donor zone, for this reason,
repeated surgery is indicated, thereby increasing
the number of operations, which worry both the
patient and the doctor 7. In this regard, laser
technologies, in particular the use of fractional
photothermolysis, are of great interest. It is
known that this technology is used in
cosmetology
and
dermatology
for
skin
rejuvenation, scar treatment, hyperpigmentation,
etc. 8-10. There are several studies devoted to the
laser fractional treatment of the mucous
membrane using a diode laser with a wavelength
of 980nm. These studies have shown the
dependence of the mucosal state on the mode of
laser exposure 11-12. The appearance of a
relatively new hydrokinetic laser Er;Cr;YSGG
2780 nm is also of great interest in the study of
this treatment method. Thus, orthodontic aspects
of the use of this laser for fractional processing of
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bone tissue are known 13. However, non-invasive
laser technologies do not always allow to get the
right volume of soft tissue and keratinized gum.
Therefore, in our opinion, it seems very
promising to combine both surgical (invasive)
treatment and non-invasive fractional processing
with an increase in the volume of keratinized gum.
Materials and methods
5 laboratory mini pigs (females) weighing
25-30 kg were involved in the experiment. The
transplantation of a free mucosal graft taken from
the palate and transplanted into the sub-mucosal
space of the alveolar process from the
transitional fold to the apex, in order to increase
the volume of soft tissue and attached gum. The
graft was fixed with Prolen 7.0 suture material.
The wound was sutured tightly. We carried it out
without fractional processing on one side
(control) (Fig.1a, 1b).
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from the experiment after 4 weeks with
premedication using a Domitor of 1 ml and a
peak in the heart. The study was approved by the
Bioethical Committee and the LEC of KrasSMU.
The material for morphological examination was
fixed in a 10% solution of neutral (buffered
formalin) with further traditional histological
treatment based on isopropyl alcohol and
impregnation with paraffin. Histological sections
with a thickness of 3.0 microns were stained with
hematoxylin and eosin with further scanning of
final preparations in a histological glass scanner
"3DHISTECH
PANNORAMIC
250
Flash"
(Hungary).
The morphometric study was carried out
on scanned digital images using the software
"CaseViewer" Ver. 2.3 Build 2.3.0.99276
3DHISTECH (Hungary). Statistical analysis was
carried out by methods of variational statistics
using the program Statistica, StatSoft 3.1. using
methods of nonparametric statistics according to
Mann-Whitney. Significant differences were
considered at p < 0.05. In the study the values
are given in the form of median and 25%, 75%
percentiles.
Results

Figure 1а.
Figure 1b.
Figure 1а. View of the sutured wound of the mini
pig.
Figure 1b. Autograft of the mucosa of the mini
pig.
On the opposite side, a similar operation
with fractional treatment using Er,Cr,YSGG
2780nm laser, with the following characteristics:
MX-5 nozzle, 1.25W power, 5 GHz frequency,
water/air cooling - 80/80, 20 pulses each was
conducted. Thus, we had 10 mucosal sampling
zones, of which 5 were control and 5 were
experimental. The surgery was performed under
general anesthesia with preliminary sedation by
intramuscular injection of Domitor 0.5-0.8 ml per
10 kg, analgesia was performed with Telazol 0.3
mg per kg. During the surgery, intravenous
administration of Propavan was performed,
according to the rules of aseptic and antiseptic
surgery. Antibiotic therapy after surgery: Baytril
5%-1ml per 20 kg. The animals were withdrawn
Volume ∙ 15 ∙ Number ∙ 2 ∙ 2022

Microscopic examination of histological
preparations taken from the control and
experimental zones shows significant differences.
When reviewing the preparations in the
experimental zone, compared to the control, the
layer of the surface non-keratinized epithelium
was obviously thickened. The thickening of the
epithelial layer occurred not only due to the
proliferation of epithelial cells themselves, spread
out in the form of a solid layer, but also due to the
formation of acanthotic strands spreading in the
form of intertwining proliferates into the
underlying fibrous tissue (Fig.2a, 2b).

Figure 2а.

Figure 2b.
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Figure 2а. Comparative microscopic picture of
the surface epithelium in the control zone.
Magnification x 50, hematoxylin and eosin stain.
Scale of 200 microns.
Figure 2b. In the experimental zone, a
pronounced thickening of the epithelial layer with
the formation of extensive acanthotic strands
penetrating deep into the underlying fibrous
tissue is determined. Magnification x 50,
hematoxylin and eosin stain. Scale of 200
microns.
The observation is confirmed by the
measurements. In the morphometric study, the
thickness of the non-keratinized epithelial
multilayer on the control side was 222.9 (195.2;
246.8) microns, excluding acanthotic strands. In
the experimental zone, this indicator significantly
differed and was 726.3 (427.2; 790.1) microns
(p<0.05). When assessing the thickness of the
surface epithelium, taking into account the depth
of immersion of acanthotic strands at point 1, the
indicator was 551.2 (427.2; 561.3) microns, at
point 2 – 151,1 (124,5; 162,1), ( p<0.5).
When assessing the basal departments of
acanthotic strands, there is an increased
inflammatory infiltration of the stroma in the
immediate vicinity of the epithelium in the control
area, in comparison with the experimental one,
where fractional photothermolysis was performed.
In the control area, inflammatory infiltrate cells
are mainly represented by small lymphocytes
with mature morphology with an admixture of
single plasma cells. In the experimental zone, the
spread of lymphocytes directly into the epithelial
layer with their intraepithelial location was found
(Fig. 3a, 3b).

Figure 3а.
Figure 3b.
Figure 3a. More pronounced lymphocytic
infiltration by lymphocytes of the subepithelial
stroma in the control zone. Lymphoid elements
partially colonize the epithelial layer with the
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formation of a halo (↑). Magnification x 200,
hematoxylin and eosin stain. Scale of 50 microns.
Figure 3b. Less pronounced lymphocytic
infiltration by lymphocytes of the subepithelial
stroma in the experimental zone. Lymphoid
elements partially colonize the epithelial layer
with the formation of a halo (↑). Magnification x
200, hematoxylin and eosin stain. Scale of 50
microns.
Despite the greater severity of acanthosis
phenomena, in the experimental area, the
density of basal cells in the epithelium taken from
the control area is higher. In the morphometric
study, the number of lymphoid elements at the
border of acanthosis zones in the control zone
was significantly higher and amounted to 140.2
(125.2; 152.3) cells per 1 mm2, compared to the
experimental one, where this indicator was 15.7
(10.8; 17.7) (p < 0.005). The numerical density of
intraepithelial lymphoid elements in the control
zone was significantly higher, compared to the
control zone — 20.4 (17.5; 24.1) per mm2 of
epithelial area, in the experimental group this
indicator was 5.3 (4.2; 7.1), (p<0.05).
In both cases, coarse fibrous tissue with a
compact arrangement of collagen fibers was
subject to epithelial formation. At the same time,
the density of the arrangement of the collagen
bundles in the control zone was obviously lower,
in comparison with that in the experimental one
(Fig. 4a, b).

Figure 4а.
Figure 4b.
Figure 4а. There is a lower density of collagen
fibers in the control zone. Magnification x 200,
hematoxylin and eosin stain. Scale of 50 microns.
Figure 4b. Higher density of collagen fibers in
the experimental zone. Magnification x 200,
hematoxylin and eosin stain. Scale of 50 microns.
often

In all samples, capillary-type vessels,
with branching outlines, containing
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erythrocytes in the lumen, were identified among
the fibrous stroma. However, in the experimental
zone, a more developed vascular network was
observed, in which, along with capillary vessels,
there was a significant number of arteriolar
vessels (Fig. 5a, b).

Figure 5а.
Figure 5b.
Figure 5a. Control zone. The vascular network is
less
pronounced.
Magnification
x
150,
hematoxylin and eosin stain. Scale of 100
microns.
Figure 5b. Experimental zone. Pronounced
vascular network along with capillary vessels,
arteriolar vessels, including those forming tangles,
are clearly defined. Magnification x 150,
hematoxylin and eosin stain. Scale of 100
microns.

Figure 6а.
Figure 6b.
Figure 6a. Control group. Fibrous tissue is less
pronounced in comparison with the experimental
one. Magnification x 50, hematoxylin and eosin
stain. Scale of 100 microns.
Figure
6b.
Experimental
group.
More
pronounced development of subepithelial fibrous
tissue in comparison with the control. Fibrous
tissue infiltrates fatty tissue and weaves muscle
bundles. Magnification x 50, hematoxylin and
eosin stain. Scale of 100 microns.
In a morphometric study taking into
account the number of cross-sections of various
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types of vessels per 1 mm2 of stroma, we
obtained the following results. In the control zone,
this indicator was 120.1 (114.2; 132.5), in the
experimental zone - 197 (183.8; 201.3) (p < 0.05).
The fibrous tissue in the experimental zone not
only had greater severity and density compared
to the control one, but also spread into deeperlying tissues in the form of strands penetrating
into adipose tissue and entwining muscle cells.
Thus, in the control zone, the depth of fibrous
tissue distribution was limited by adipose tissue
without signs of its germination (Fig. 6 a, b).
In the morphometric study, the depth of
the fibrous tissue spread (the thickness of the
fibrous layer) in the control was: 623.9 (583.6;
647.5) microns, whereas in the experimental
zone this indicator was significantly higher and
amounted to 2765.2 (1431.2; 1856.7) microns
(p<0.05).
Discussion
In clinical practice, the presence of an
attached keratinized gum is a positive
characteristic. The absence or deficiency of
keratinized
gum
leads,
according
to
observations, to hygiene problems, aesthetic
disorders, pain, etc. 4-6. The gold standard in
increasing
the
attached
gum
is
the
transplantation of a free-mucosal graft, but this
method does not always lead to the desired
result. Clinical data show that application of
surgical methods do not always provide the
necessary volume of soft tissue 7. We analyzed
the literature and our own observations
considering the application of laser technologies
for this purpose. Also, we conducted the
research, studying a combination of graft
transplantation and fractional laser treatment.
Thus, based on the conducted research, the
following
conclusions
were
made.
Transplantation of a free mucosal graft is an
effective way to get a thick gingival biotype and
at the same time a larger volume of the attached
keratinized gum. The experiment, conducted on
laboratory
animals,
shows
that
the
transplantation of a free-mucosal graft with a
single-time fractional Er;Cr;YSGG 2780 nm laser
treatment, allows to get a thicker gingival biotype
and at the same time a larger volume. This is due
to the development of subepithelial wellvascularized fibrous tissue. In addition, at 4
weeks after surgery, we observe less
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pronounced
lymphoid
infiltration
of
the
subepithelial stroma, which indicates the
absence of an inflammatory reaction in the
experimental zone compared to the control one.
Clinically, this was manifested by the absence or
minimal complaints of discomfort after surgery.
Consequently, the experimental data obtained
confirm clinical observations of an increase in the
volume and area of keratinized gums after
fractional laser treatment, and can be
recommended for clinical use.
Conclusion
Based on the results of the conducted
research using the methods of descriptive
microscopy and morphometry, we can conclude
the following.
Under the influence of fractional treatment
using Er;Cr;YSGG 2780 nm laser in the area of
exposure:
1. There is hyperplasia of the surface multilayer
non-keratinized epithelium with the formation
of deep anastomosing acanthotic strands,
which is probably of a secondary regenerative
nature.
2. Inflammatory reactions are minimal compared
to the control group and are not accompanied
by colonization by epithelial layer inflammation
cells.
3. There are fibrotic changes in the fibrous layer
subject to epithelium, with its significant
thickening and compaction of collagen
bundles.
4. There is a more pronounced proliferation of
vessels with the appearance of a significant
number of arteriolar vessels forming tangles.
These conclusions allow to speak about
the high efficiency of fractional treatment of the
oral mucous membrane. The method helps to
increase the volume of the mucous membrane
and the keratinized gum area, which is important
in periodontal surgery and implantology. In our
opinion, further studies with a large number of
observations are necessary for the selection of
optimal protocols and modes of operation with
this equipment.
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