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Abstract

INTRODUCTION. High-quality treatment of periodontitis and prevention of further progression of periodontal
diseases can be achieved with complex and systematic adherence to algorithms for performing manipula-
tions at all stages of therapy using physical factors. This is possible with the use of laser radiation with the
effects of non-pigmented laser photoablation.

AIM. Improving the effectiveness of periodontal disease treatment using pigment-free laser photoablation.
MATERIALS AND METHODS. An experimental comparative study of 70 animals with model periodontitis under
the influence of laser radiation with non-pigmented photoablation, photodynamic laser therapy and standard
drug therapy was conducted in 3 groups. Morphological studies were performed for group | (main) and group
Il (comparison) were withdrawn from the experiment on the 7", 14" and 21%' days of treatment. Animals of
group lll (control) were withdrawn from the experiment on the 21% day.

RESULTS. Morphological analysis showed that the use of non-pigmented laser photoablation helps to reduce
inflammation in periodontal tissues, accelerate regeneration due to stimulation of fibroblast production and
stimulation of neoangiogenesis. On the 21% day of the experiment, in the group using non-pigmented laser
photoablation, based on morphological analysis, acceleration of the processes of formation of the periodon-
tal ligament with even bundles of collagen and elastic fibers perpendicular to the tooth root was confirmed.
CONCLUSIONS. Our experimental studies confirm the effectiveness of non-pigmented laser photoablation in
the treatment of periodontitis.
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Pesiome

BBEAEHWE. KayecTBeHHOE fledeHre napogoHTUTa 1 npeaynpexaeHne ganbHenwero nporpeccmpoBaHmns
3abosieBaHN NapoaoHTa BO3MOXHO OCYLLECTBMTb MPY KOMMIEKCHOM 1 NJIaHOMEPHOM cobnoaeHnn anro-
PUTMOB BbINOJIHEHNSA MaHUNYNALMIA HA BCEX 3Tanax Tepanum ¢ ncnonb3osaHnem dusunyeckmx pakTopos. Ta-
KO€ BO3MOXHO Mpu NCMNOSb30BaHUN Na3epHOro nanyvyeHuns ¢ apdpektamm 6ecnurMmeHTHON nasepHon GoTo-
abnaunn.

LLESIb. MoBbiweHne 3acddeKTUBHOCTU NiedeHus 3aboneBaHnii NnapoaoHTa ¢ NpuMeHeHeM 6ecnrMeHTHON
nasepHoi doTtoabnaunu.

MATEPUAJbI U METO/[bl. OkcnepnMeHTanbHOe CpaBHUTENbHOE nccnenoBaHune y 70 XMBOTHbIX C MOOESb-
HbIM NMAPOAOHTUTOM MPU BO3AENCTBUN NA3EPHOro U3nydyeHns ¢ 6ecnurmeHTHon potoabnaumeir, Gotoom-
HaMMYeCKOM Nna3epHor Tepannum 1 CTaHOAPTHOM MeANKAMEHTO3HOW Tepannen NpoBoaMan B TPEX rpynnax.
Mopdonornyeckne nccnenoBaHmsg NPOBOAMAN AN rpynnsl | (OCHOBHORM) 1 rpynnbl Il (CpaBHeHWUS) BbIBOAMN
13 9KCNepuMeHTa Ha 7-e, 14-e n 21-e cyTkun nedeHuns. XXrUBoTHbIX rpynnbl [l (KOHTPONBHOM) BLIBOAMAN U3 SKC-
nepvmMmeHTa Ha 21-e CyTKu.
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PE3YJIbTATbI. Mopdonoruyeckuini aHanns nokasal, 4To NpMMeHeHne 4To 6eCnMrMeHTHOM na3epHon ¢oTo-
abnaunm cnocobCTBYET CHUXKEHMIO BOCMANEHNS B TKAHAX NapOAOHTa, YCKOPEHMIO pereHepasmm 3a cHeT CTu-
MynaumMm BbipaboTkn GnbpobnacToB U CTUMYNSALNM HEOAHIMoreHesa. Ha 21-e cyTkn skcnepumeHTa B rpyn-
rne ¢ NnpMMeHeHnem 6ecnUrMeHTHON na3epHon GoToadbnaumm Ha OCHOBaHUM MOP@OOrM4ecKkoro aHanmnsa
NOATBEPXAEHO YCKOPEHME NpOoLLEecCcoB GOPMUPOBAHNSA NEPUNOLOHTANBHON CBA3KN C POBHBIMU NMyYKaMu KO-
JTareHOBbIX U 3/1aCTUYECKUX BOTOKOH, MEPNEHANKYNSPHBIX KOPHIO 3y0a.

BbIBObI. NpoBeaeHHbIE HAMY 3KCNEPUMEHTAJIbHbIE NCCNEA0BaHUS NOATBEPXKAAT 9DPEKTUBHOCTbL NpU-
MeHeHUst 6ecnUrMeHTHOM na3epHon GoToadbnauum Npm nevyeHnr NapoaoHTUTa.

KnioueBble cnoBa: NapogoHTUT, 6ecnurmeHTHas nasepHasa GoToabnauns, AMOOHbIA nasep

UHdopmauumna o ctatbe: noctynuna — 10.05.2025; ucnpasneHa — 20.06.2025; npuHata — 28.06.2025
KoH®AUKT nHTepecoB: aBTOPbLI COOOLLAIOT 06 OTCYTCTBUN KOHPNUKTA UHTEPECOB.

BnarogapHocTu: GUHAHCUPOBAHME U NHANBUOYASIbHbIE 611arofapHOCTY A1 OEKNapPUPOBaHNSA OTCYTCTBYIOT.

Ana untupoBaHua: HYyHnxuH A.A., AHgpusHoBa H.E., BasuksaH O.A. DkcneprumMeHTanbHas oueHka adpdek-
TUBHOCTU NMPUMEHeHUs 6eCnUrMeHTHO’ nasepHo poToabnsauum nNpu nedeHrum 3aboneBaHnin napoaoHTa.

SHaonoHTms Today. 2025;23(3):366-371. https://doi.org/10.36377/ET-0107

INTRODUCTION

Periodontal diseases are one of the most common
pathologies that occur in all age groups of the popula-
tion with a sharp further progression. In the treatment
of periodontal diseases, a comprehensive approach is
used, consisting of high-quality removal of subgingival
dental plaque, antiseptic treatment, as well as surgical
interventions aimed at eliminating gum recessions and
filling bone defects and stimulating the regeneration of
periodontal tissues [1; 2].

In recent years, photodynamic therapy techniques
have become quite widespread in the treatment of pe-
riodontal diseases. To achieve a therapeutic effect
when using PDT, photosensitizers are used that are ac-
tivated with the release of singlet oxygen, low-intensity
laser radiation with a wavelength corresponding to the
absorption peak of the sensitizer [3; 4].

To date, a new diode laser has been created, which
has passed laboratory and clinical tests, capable of
generating unique harmonics of laser radiation in a na-
nosecond pulsed radiation mode. The radiation of such
a laser has a bacteriostatic effect, is capable of per-
forming non-pigmented photoablation without the use
of photosensitizers, and also has a biostimulating effect
to accelerate the regeneration of periodontal tissues af-
ter treatment [5; 6].

AIM
Improving the effectiveness of periodontal disease
treatment using pigment-free laser photoablation.

MATERIALS AND METHODS

In the experimental part of the study, the effective-
ness of non-pigmented laser photoablation and tradi-
tional photodynamic therapy of periodontitis was as-
sessed on a model of experimental animals — sexually
mature male Wistar rats — using morphological analy-
sis. The studies were conducted in accordance with the
rules for working with animals based on the provisions
of the Helsinki Declaration and the recommendations
contained in EU Directive 86/609/ECC and the Council
of Europe Convention for the Protection of Vertebrate

Animals used for Experimental and Other Scientific Pur-
poses. The study included 70 animals, which were divi-
ded into 3 groups: | — the main (n = 30), Il - comparison
(n = 30) and lll - control (n = 10). All animals were mo-
deled periodontitis on the central incisors using the
technique developed by V.G. Atrushkevich et al., in
which prednisolone was administered intramuscularly
at a rate of 12 mg/kg of animal weight on the 1%, 3" and
5™ days of the experiment in order to provide an immu-
nosuppressive effect [7]. On the 5™ day, the animals
were injured by the circular ligament (dentogingival
junction) of the lower incisors using a metal iron by peel-
ing off the gums from the vestibular and lingual sides,
then a silk ligature was placed deep under the gum in
the resulting dentogingival pocket, covering the teeth
in the shape of a figure eight. The ligature was installed
under premedication and intravenous anesthesia and
additionally secured with phosphate cement, left for
14 days, the animals were fed soft food (Fig. 1).

Fig. 1. Photograph of an experimental animal -
fixation of the ligature with cement

Puc. 1. ®oTorpadusa nabopatopHOro XMBOTHOIO —
dukcaumsa nuraTypbl ¢ MOMOLLbIO LIEMEHTA
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After 14 days, the ligature was removed, the animals
were divided into groups, and manipulations were car-
ried out in accordance with the objectives of the study.
After this, the stage of exposure to the simulated perio-
dontitis zone in each group was started using various
factors. In Group I, laser radiation of a diode laser with
a wavelength of 1265 nm in a nanosecond pulsed radia-
tion mode with the effect of pigment-free laser photo-
ablation was used for exposure. The pockets were pro-
cessed using a fiber optic light guide with a diameter of
400 um in a contact manner. The treatment was carried
out with circular movements around the lower incisors
for 3 minutes. The radiation parameters were set as fol-
lows: the average radiation power, set on the control
panel of the device, was 1.8 W, which corresponded
to the average exposure power at 180 s of radiation —
360 J/cm?, the pulsed nanosecond radiation mode was
selected with a pulse duration of 100 ns and a pause
duration of 200 ns. The radiation parameters were
selected optimally based on previously conducted
studies [8]. Non-pigmented laser photoablation was
performed daily for 7 days in a row at the same fixed
time for each animal in Group | (main).

In Group Il, a standard photodynamic therapy pro-
cedure was performed using an exogenous photosen-
sitizer based on chlorin E6, which was applied to the
periodontal pocket for 10 minutes, then the residue was
washed off using a saline solution, then laser irradiation
was carried out with a wavelength of 660 nm in a con-
tinuous radiation mode with an exposure of 300 s. The
photodynamic therapy procedure in this group was re-
peated in the same way as in Group | (main), for 7 days
at the same fixed time. In Group Il (control), antisep-
tic treatment of inflamed periodontal tissues was car-
ried out as drug therapy. The course of treatment was
7 days. To obtain representative statistically reliable
data, 10 animals were withdrawn from the experimentin

the main group and the comparison group for morpho-
logical examination on the 7™, 14" and 21°' days after the
start of the sessions of non-pigment laser photoabla-
tion and traditional photodynamic therapy; in the con-
trol group, animals were withdrawn from the experiment
only on the 21 day. The obtained digital data were pro-
cessed using the variation statistics method using the
Student’s T-test. The critical level of significance was
considered reliable at p <0.05.

RESULTS

On the 21" day in group | (main), morphological
examination showed that periodontal pockets were not
detected. A regenerated periodontal ligament, rich in
fibroblasts, with parallel bundles of collagen and elastic
fibers perpendicular to the tooth root, with single dilated
vessels only at the border with the bone beams of the
alveolar bone is noted. Preserved small foci of granula-
tion tissue with full-blooded vessels without edema and
inflammatory infiltration are detected (Fig. 2).

In group Il (comparison), on the 21! day of observa-
tion, moderately pronounced edema of the regenerated
periodontal ligament tissue, rich in fibroblasts, with di-
lated full-blooded vessels at the border with the bone
trabeculae of the alveolar bone is noted. Preserved
small foci of granulation tissue with pronounced edema,
full-blooded vessels and single leukocytes are encoun-
tered (Fig. 3).

In group Il (control) on the 21° day of observation,
morphological analysis revealed pronounced periodon-
tal pockets with a high content of detritus penetrated by
leukocytes, partially epithelialized, with acanthosis of
the epithelium and the formation of its strands growing
into the granulation tissue. The periodontal ligament
was significantly destroyed and replaced by granula-
tion tissue with diffuse infiltration by leukocytes with an
admixture of macrophages. Among the growths

foci of granulation tissue with full-blooded vessels without edema and inflammatory infiltration, with single
macrophages and lymphocytes (hematoxylin-eosin, Zeiss, x120)

Puc. 2. Mopdorpamma TkaHel napogoHTa B rpynne | Ha 21-e cyTkn HabniogeHns: CTpenkorn 0603HaY€eHbI
COXPaHeHHble MeJikme ovary rpaHynsLMOHHON TKaHW C MOSIHOKPOBHBLIMU cocyaamMmu, 6e3 oTeka M Npu3HaKkoB
BOCMNAINTENbHON UHPUIBTPaLUU, C EOUHNYHBIMU Makpodaramm n ninmooumTamMm (reMaToKCUINH-303UH,

Zeiss, x120)
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of granulation tissue with full-blooded vessels, diffuse
infiltration by leukocytes with an admixture of macro-
phages, at the site of the periodontal ligament, single
microabscesses were found. Moderately pronounced
edema of the periodontal ligament tissue with partially
organized remnants of cellular detritus was revealed.
Restored periodontal ligament with multidirectional bun-
dles of collagen and elastic fibers, large fibroblasts, and
newly formed bone beams of the alveolar bone (Fig. 4).
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Thus, based on the results of morphological analy-
sis, a qualitative assessment of the impact of various
types of laser radiation in the complex therapy of model
periodontitis in experimental animals was carried out.
The results of the study showed that the use of a new
laser technology of pigment-free laser photoablation
with a wavelength of 1265 nm promotes stimulation of
vascular growth in periodontal tissues compared to tra-
ditional photodynamic laser therapy.
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Fig. 3. Morphogram of periodontal tissues in group Il on the 215 day of observation: arrows — preserved foci
of granulation tissue with pronounced edema, full-blooded vessels and single leukocytes with an admixture

of macrophages. (hematoxylin-eosin, Zeiss, x120)

Puc. 3. Mopdorpamma TkaHei napoaoHTa Bo Il rpynne Ha 21-e cyTku HabnoaeHus: cTpenkamm o603HayYeH bl
COXPaHSoLMNECH O4arn rpaHynAaLNOHHON TKaHWN C BbIPAXKEHHBbIM OTEKOM, MOTHOKPOBHBIMW COCYAaMM
M e ANHNYHBIMU JIENKOLMTaMM C MPUMECHIO Makpodaros (reMaTOKCUNNH-303MH, Zeiss, X120)

e Nt S

Fig. 4. Morphogram of periodontal tissues in group Ill on the 21%* day of observation: arrows — periodontal ligament

destroyed and replaced by granulation tissue with diffuse infiltration of leukocytes with an admixture of macrophages,
acanthosis of the epithelium — its strands grow into the granulation tissue. (hematoxylin-eosin, Zeiss, x120)

Puc. 4. Mopdorpamma TkaHei napogoHTa B rpynne lll Ha 21-e cyTkn HabnoaeHUs: CTPenkaMmn ykasaHo
paspyLUeHne NepUoLOHTaIbHOM CBA3KM C €€ 3aMELLLEHMEM FPaHYNSLUVOHHON TKaHblo, ANdGY3HON
MHOUNBTPaUVEN NerkoumMTamMmm C NPUMECHI0 Makpodaros, akaHTO30M INUTENNS — €ro TSHXXK NpopacTaloT
B FPaHYSLMNOHHYIO TKaHb (reMaToKCUIMH-303UH, Zeiss, X120)
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DISCUSSION

Thus, based on the results of morphological analy-
sis, a qualitative assessment of the impact of various
types of laser radiation in the complex therapy of model
periodontitis in experimental animals was carried out.
The results of the study showed that the use of a new
laser technology of pigment-free laser photoablation
with a wavelength of 1265 nm promotes stimulation of
vascular growth in periodontal tissues compared to tra-
ditional photodynamic laser therapy.

The conducted experimental morphological study
allowed to prove that pigment-free laser photoablation
helps to reduce inflammation, accelerate regeneration
by stimulating the production of fibroblasts and stimu-
lating neoangiogenesis. On the 21% day of the experi-
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