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B cTaTbe npeacTaB/ieHbl AaHHble 06 0CO6eHHOCTAX
npoLeccoB pereHepaLun paH CIM3NCTON 060/104KHU
pTa n1abopaTopHbIX XXUBOTHbIX NMOC/1e BO3AENCTBUS
M3y4yeHUs nasepHbIX annapaTos C AJIMHOW BOJIHbI
n3nyyeHua 1,94 u 0,97 MKM Npun pasanyHbIX
MOLLHOCTSX U3Ny4eHus. U3BecTHO, 4YTO S1a3epHoe
M3JslyyeHune, BO3AEMCTBYS HA CZIM3UCTYIO 060/104KY
pOTOBOﬁ MOJ1I0CTU, Bbi3biBaeT KanyHSILWIOHHbIFI
HeKpo3 U1 nocjeayoLyio BOCNasnTe/IbHYIO0 peakLuio
TKaHWU C fecTpyKuuen anutTenus, CIM3uCcTon 060/104Kn
M 4aCTUYHO MbILIEYHOW TKaHWN. YCTAHOBJ/IEHO, YTO
pereHepauus TKaHeWn U 3aXXUB/IeHME paHeBOro
AedekTa 3ameanaeTcs Npy yBeJM4eHUU MOLLHOCTMU.

BBEAEHWE

[IrpoKoe pacIpocTpaHeHHe JIa3epoB B XUPYpPru-
YeCKOM CTOMATOJIOTHU 06YyCIOBIEHO CIeAyIOIHMMU
IIO3UTUBHBIMH CBOMCTBAMH JIa3€pPHOI0 U3/yYeHHS:
acenTHKa TKaHeM IIPH pacCedyeHUM, HaJeXKHBIU
reMoctas U J1uMoCTa3, BRIPaKeHHBIN obe3bonrBa-
IOIuM, abnactudeckuy 3deKTH, IIPOTHBOBOCIIA-
JHUTebHOE [EeHCTBHUE 3a CYeT CHHKeHHS IIpOHHIae-
MOCTH COCYAMCTON CTeHKH, CTUMYJISILIHS 0OMeHHBIX
IIPOLIeCCOB M IIPOLIeCCOB pPereHepaliiu, MOBBLILIEHUE
coepsKaHMs TKAHEBOrO KUCJIOPOAA, YTO YCKOpsSeT
pereHepaLiMIo U IpefoTBpaliaeT obpasoBaHUe Ipy-
6pIX py61I0B, CHH>KEHHE BePOSITHOCTH I10C/IeoIepaliy-
OHHBIX OCJIOKHeHUH [1, 2, 5, 7-11]. OgHaKO UMEIOTCS
JIUIIb OTAe/NbHBle COOOINeHMS, IIpefCTaBSIOIIe
JaHHBIe CPAaBHUTEJBHOIO aHaIH3a pereHepaluu
TKaHeH IIPU UCIIO0Nb30BAaHUU Pa3/HUUHBIX Ja3epHBIX
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The article presents data on the peculiarities of
the processes of regeneration of wounds of the
oral mucous membrane of laboratory animals after
exposure to laser radiation with a wavelength of
1.94 and 0.97 pum at various radiation powers. It

is known that oral mucous membrane exposed to
laser radiation is prone to coagulation necrosis
and the subsequent inflammatory reaction of the
tissue with destruction of the epithelium, mucous
membrane and partially muscular tissue. It has
been established that tissue regeneration and
wound defect healing slows down with increasing
power.

INTRODUCTION

The wide distribution of lasers in surgical dentistry
is due to the following positive properties of
laser radiation: tissue asepsis during dissection,
reliable hemostasis and lymphostasis, pronounced
anesthetic, ablastic effects, anti-inflammatory
effect by reducing vascular wall permeability,
stimulation of metabolic processes and
regeneration processes, increased tissue oxygen
content, which speeds up the regeneration and
prevents the formation of coarse scars, reducing
the likelihood of postoperative complications [1,
2, 5, 7-11]. However, there are only a few reports
presenting the data of a comparative analysis of
tissue regeneration using different laser systems
[2]. Tissue regeneration is an adjustable, cascade
and multicomponent morphofunctional process [3].
The reasonable choice of a low-impact alteration
instrument for surgical intervention allows
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cucteM [2]. PereHepaliusi TKaHel — perylHpyeMBblH,
KacKaJHBIM M MHOIOKOMIIOHEHTHBIH MOPGOPyHK-
LIMOHA/IBHBIN mpolecc [3]. O6ocHOBaHHBIM BBIOOD
MaJIOTPAaBMaTHYHOIO MHCTPYMEHTa aJbTepalluu
IJ15 XAPyPru4eckoro BMeIlaTebCTBA I103BOJISIET CO3-
JaThb OIITUMaJIbHBIE YC/IOBHUS pereHepallliM TKaHeH,
HaXOISIIHXCS B 30He BMeIIaTeIbCTBAa. B KIHMHHYe-
CKYI0 IPaKTHUKY aKTHUBHO BHEJPSIIOTCSI XHUPYyprude-
CKHMe J1a3epHble TeXHOJIOTHH, KOTOphkle 6iaromaps
TOYHOMY PperyJHMpOBAaHHUIO MOIIHOCTH H JPYTHUX
[1apaMeTPOB CO3/Ial0T MUHHUMAJIBHYIO 30HY TepPMHUUe-
CKOTO IIOBpPeKIeHUs. [lepClIeKTUBOM ONTUMHU3ALNH
TedeHUs PAaHEBOIO IIPOLiecca SIBASEeTCS PeryaHpy-
Iolllee BAMSHUE Ha OaJaHC MeXAY XHPYprU4ecKom
aspTepaliyer, CTUMYJISILIMEN pereHepallMyd KU KOH-
TposeM BocIaneHu4 [1].

PerlapaTHBHasI pereHepalys SBJsSeTCs TeHeTH-
YeCKH J[JeTepPMUHHPOBAHHBIM IIPOLIECCOM, OLHAKO
pas3HuHble TKAHH U OPraHBbl II0 CTelleHU Pa3BUTHUS
pyblLia cyIiecTBeHHO OTJIMYAIOTCS APYT OT Apyra. IIpo-
LleCC 3a’KUBJIEHUS KOKHBIX PaH CYIIeCTBEHHO OT/IH-
4YaeTcss OT IIpolecca 3a’KUBJIEHUS PaH CIH3HUCTOR
060/104KH PTa. YCTAaHOBJIEHHE IIPUYMUH 3TOIO MOXKET
IIPUBECTH K pa3paboTKe HOBBIX METOOB, I103BOJISIO-
KX KOHTPOJIHUPOBAThH XOJ, ITPOLIECCOB peIlapaTUBHOM
pereHepaLiuy B PAa3/IMYHBIX YACTSX Tela, B TOM YHCIIe
1 II0JI0CTH pTa [6, 12-14].

[losBleHHMe OTedYeCTBEHHBIX IIOPTATHBHBIX,
HaJe>KHBIX H HeOOPOTHX allllapaToB JICII-"UP3-
I[Tonroc" Ha OCHOBe BOJIOKOHHBIX U ITOJYITPOBOILHUKO-
BBIX JIa3epOB, FeHEPUPYIOLIHUX H3J/lydeHHUe C JINHAMU
BOJH 1,94 1 0,97 MKM, II0 pa3sHOMY [eHCTBYIOIIMX Ha
MSTKHe OMOTKaHH, PacIIUpsieT apCceHas BpadeH, 1aeT
KM HOBBIe BO3MOKHOCTH. [IpH 3TOM HaJI0 yYUTHIBATh,
YTO JIa3ep C AJIMHOM BONHBL A=0,97 - AUOAHBEII, a 1a3ep
C JJIMHOH BOJHBHI A=1,94 - BO/IOKOHHBIN. M31ydeHHe
Jla3epHBIX HOMI0B C BOJIOKOHHBIM BBIBOJOM — 3TO H3JTy-
YeHHe C [IOMOIIBIO CIIeLIMAJIbHBIX CBAPHBIX /IEMEHTOB,
KOTOPOe CBOJIUTCS B eIMHOE BOJIOKHO, a M3 Hero uepes
pas3beM mozmaercsi B pabounii cBeroBof. Pa3zpaboran-
Hble TeXHOJIOTHH II03BOJISIOT BBECTH B YCTPOMCTBO
y4aCcTOK aKTHBHPOBAHHOI'O BOJIOKHA C BOJIOKOHHBIMH
aHAJOTaMHU 3epKaJl, 06pasyoINUMU BOJOKOHHBIN
nasep. IIpu 3TOM MOSIB/SeTCSI BO3MOXKHOCTBH IIOJY-
YeHHsI JIa3epHOT0 H3/IydYeHUs C APYTMMH IIHHAMU
BOJH. ®aKTUYeCKH TaKOe YCTPOMCTBO ITPeLCTaBIseT
co60¥1 MOTOK OIITHYECKOro BOJOKHA C IIpPHBapeH-
HBIMH K HeMy Ja3epHBIMH AUOJAMHU H, OGnarogaps
CBOMCTBAM BOJIOKHA YAEepKHUBaTh CBET, He HYXIa-
€TCsl B IOCTUPOBKe U He OOUTCS BHEIIHUX MeXaHHUe-
CKUX BO3IEHCTBUU BIUIOTH [0 BeJHUYHUH, IIPUBOAS-
KX K pas’pylleHHIO BOJOKHA. BHYTpPh BOJIOKHA HET
JOCTyIIa IIBUIH U BIATH [4].

creating optimal conditions for the regeneration of
tissues located in the intervention zone. Surgical
laser technologies are being actively introduced
into clinical practice, which, thanks to precise
power control and other parameters, create a
minimal zone of thermal damage. The prospect
of optimizing the course of the wound process is a
regulating effect on the balance between surgical
alteration, stimulation of regeneration and control
of inflammation [1].

Reparative regeneration is a genetically
determined process; however, different tissues
and organs differ significantly in the degree of
scar development. The healing process of skin
wounds is significantly different from the healing
process of wounds of the oral mucous membrane.
Establishing the reasons for this may lead to the
development of new methods to control the course
of reparative regeneration processes in various
parts of the body, including the oral cavity [6,
12-14].

The emergence of domestic portable, reliable
and cost-efficient LSP-"IRE-Polyus” devices based
on fiber and semiconductor lasers that generate
radiation with a wavelength of 1.94 and 0.97
microns, differently impacting on the soft tissues,
expands the arsenal of doctors, gives them new
opportunities. It should be borne in mind that the
laser with a wavelength of 0.97 is a diode one, and
the laser with a wavelength of 1.94 is a fiber one.
The radiation of laser diodes with fiber output is
radiation by means of special welded elements,
which is reduced to a single fiber, from which
it is fed through the connector to the working
optical fiber. The developed technologies allow
introducing into the device a portion of activated
fiber with fiber analogs of mirrors that form a
fiber laser. In this case, it becomes possible to
obtain laser radiation with different wavelengths.
In fact, such a device is a coil of optical fiber
with laser diodes welded to it and, due to the
properties of the fiber to retain light, it does not
need to be adjusted and is not afraid of external
mechanical effects up to the magnitude leading to
the destruction of the fiber. No access of dust and
moisture is possible inside the fiber [4].

Therefore, to implement the possibilities of
using these lasersin the clinic of surgical dentistry,
it is necessary to study the characteristics of the
results of such an impact, determine the optimal
operating modes for oral mucous membrane.

The purpose of the research is to experimentally
study the features of reparative processes of the oral
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CnenoBaTenbHO [/ peaiM3allMH BO3MOXKHOCTEU
HCIIOJIb30BAHM S 3THX JIa3€POB B KIIMHUKe XHUPypruye-
CKOM CTOMATOJIOTHH HeobXomuMo H3ydeHHe ocobeH-
HOCTeH pe3y/lbTaTOB TaKOIro BO3ZEMCTBMS, OIlpefene-
HHe ONTHUMA/bHBIX PEKMMOB PabOoThl Ha CIIHM3UCTOH
oborouxke pra.

Llenb paboTsl - B 3KCIIEPHUMEHTE HU3y4YHUTh 0cobeH-
HOCTH peIlapaTHUBHBIX IIPOLECCOB CIU3KUCTOM 060-
JIOUKH PTa IIPH aJIbTePallH JIa3ePHBIM H3/1y4eHHeM
HMIIYJIbCHO-TIEDUOJHYECKHUX JIa3epoB C [JIHMHOHU
BO/MHEI 0,97 MKM U 1,94 MKM pa3IM4YHOM MOIIHOCTH.

MATEPUAJIbI N METO/lbl UCCJTTEAOBAHUA
DKCIIepUMeHTAJIPHOe UCC/Ie[J0BAHHE BBIIIOJIHEHO Ha
Kadenpe XHPYpPrHYeCKOM CTOMAaTOIOTHH WHCTHU-
TyTa cTomaToaoruu @IAOY BO IlepBbii MIMY
uM. H.M.CeueHoBa MuH3apaBa Poccuu (CeueHOB-
CKUH YHHUBepcUTeT). McciefoBaHUe SBISIOCh OJHO-
LIeHTPOBBIM, IIPOCIIeKTUBHBIM - TCPYIIBl H3y4e-
HUS QOPMHPOBAIIMCh [0 Hayda/la SKCIIEPUMEHTa,
PaHAOMH3HUPOBAHHBIM (CIy4aliHble BBIOOPKH)
Y CPaBHHUTEJIbHBIM.

B sKkcmepuMeHTe MCIIONIB30BaJIMCh 18 KPOIHKOB
ropoxbl IIIMHIIMIA, cCaMIlbl Maccoi Tena 3,5-4,0 kr,
cpegHsiss Macca 3,7+0,2 Kr, B Bo3pacTe 6 MecCsIieB,
COZLEP>KaBIIUXCS B YC/IOBUSIX BUBAPHS, COIVIACHO IIpa-
BHJIAM JIabOPAaTOPHOM MPAaKTHUKH IIPU IPOBeleHUH
JOKJIMHUYECKUX UccieqoBaHum B PO (TOCT P50258-92,
T'OCT 351000.3-96 u 51000.4-96).

HM3y4yeHbl 6HMONTATBHl CIM3UCTOM 000/MIOYKH PpTa
IIPH MCIIOJIb30BAaHUK HKMIIY/IbCHO-TIEPUOAUYECKHX
71a3€poB C JJINHOK BolHBI 0,97 MKM U 1,94 MKM C MOIII-
HOCTBIO M3ny4YeHus 1,2 Bt, 1,5 Br 1 1,8 BT.

[lepen ormepaTHBHBIM BMeIIaTe/JbCTBOM >KHBOT-
HBIX B3BeIIMBAJIM KU PACCUMUTHIBAINM KOJIHYECTBO
BBOJMMBIX IIpPeNapaToB. BBIMOMHSNN IpeMegHKa-
LMI0O ¥ HapKko3 KOMOHHALIMeN ITperaparoB 'PoHKTap"
(3 Mr/Kr Macchl >KHUBOTHOT0) U '3omeTun (5 MT/KT
MacChl >KHMBOTHOTO), aJeKBAaTHBIM OIlepPaTHBHOMY
BMeIllaTe/JbCTBY. IlperapaTel IPHMEHSIH Pa30Bo,
BHYTPUMBIIIEYHO. B yCI0OBHUSX OIepaliMOHHOM,
c cobnomeHreM IPaBHI ACENTUKU U aHTHUCEIITUKU
SKUBOTHBIM (OPMHUpPOBaNU OedeKT Ha CIAU3KUCTOU
0bo0uKe IIeKH JIa3epHBIMU H3MyUYeHUSIMH C IJIH-
HaMHu BoiH 1,94 u 0,97 MKM B HMIIYJIBCHO-TIEPH-
OAHYeCKOM pekhMe paboTsl NPHU IJIUTETbHOCTHU
umiyabca 400 Mc, AIUTENBHOCTh ITay3sl 500 Mc.
CBeToBOZ, J1a3epa pacliojarajii Ha PacCTOSHHUU 1 MM
OT IIOBEPXHOCTH CJIM3HUCTOH 000I0YKH, BpeMs BO3-
JeHCTBHS COCTaBIISLIO 5 ceKyH/,. KoHTpoeM ciykuia
cu3ucTas 060m04uKa IpaBoy (MHTAKTHOM) IIeKH.

Bce >KMBOTHBIe ObUIM pacripefiesieHbl Ha 6 T'PYIIII
HCC/IeOBaHUSA. Y >KMBOTHBIX 1-M TPYIIBl PaHEBOH
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mucous membrane when laser radiation is altered
by repetitively pulsed lasers with a wavelength of
0.97 pm and 1.94 pm of various powers.

MATERIALS AND RESEARCH METHODS
The experimental study was performed at the
Department of Surgical Dentistry of the Institute
of Dentistry of FSAEI of HE Sechenov First
Moscow State Medical University of the Ministry
of Health of Russia (Sechenov University). The
study was single-center, prospective (the study
groups were formed prior to the beginning of the
experiment), randomized (random samples) and
comparative.

The experiment involved 18 rabbits of the
chinchilla breed, males weighing 3.5-4.0 kg,
average weight 3.7+0.2 kg, at the age of 6 months,
kept in vivarium conditions, according to the rules
of laboratory practice when conducting preclinical
studies in the Russian Federation (GOST R50258-92,
GOST 351000.3-96 and 51000.4-96).

Biopsy specimens of the oral mucous membrane
were studied using pulsed-periodic lasers with
wavelengths of 0.97 pm and 1.94 pm with a
radiation power of 1.2 W, 1.5W and 1.8 W.

Before surgery, the animals were weighed
and the number of injected drugs was calculated.
Premedication and anesthesia were carried out
with the combination of Ronitar (3 mg/kg animal
body weight) and Zoletil (5 mg/kg animal body
weight), adequate for surgical intervention. The
drugs were used once, intramuscularly. Under
surgery conditions, in compliance with the aseptic
and antiseptic rules, a defect on the cheek mucosa
of the animals was formed with laser radiation
with wavelengths of 1.94 and 0.97 pm in a pulse-
periodic mode of operation with a pulse duration
of 400 ms, a pause duration of 500 ms. The laser
fiber was positioned at a distance of 1 mm from the
mucous membrane surface, the exposure time was
5 seconds. The control was the mucous membrane
of the right (intact) cheek.

All animals were divided into 6 study groups.
The animals of the 1st group had the wound
defect formed by the radiation of LSP-"IRE-Polus"
(1.94 pm/5 W)" laser with a pulse duration of 400
ms, a pause of 500 ms, and a radiation power
of 1.2 W.The animals of the 2nd group had the
wound defect formed by the same laser radiation,
but with increased power up to 1.5 W. The animals
of the 3rd group had the wound defect formed
when the power increased to 1.8 W.In the 4th
group, the wound defect in animals was formed by
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nedeKT 6511 cOOPMHPOBAH HU3/TydeHHeM Jasepa JICII -

"UP3-Tlontoc (1,94 MkM/5 BT)" IpH AJHUTENBHOCTH
ummynbca 400 Mc, mayssl 500 MC M MOIITHOCTH M3/Iy4e-
HHA 1,2 BT. V >KUBOTHBIX 2-H TPYIIIIBI paHeBOM AedeKT
65171 COOPMHUPOBAH TAKKM K€ JIa3epHBIM H3/Iy4eHHEM,
HO C YBeJIMYeHHOMU /10 1,5 BT MOIITHOCTBIO. Y >KMBOTHBIX
3-11 rpynmnsl Ipu GOpMHUPOBAHUK paHeBOro AedeKkTa
MOILHOCTb yBeJH4YeHa 10 1,8 BT. B 4-11 rpymnre paHe-
BOM AedeKT >KMBOTHBIM GOPMHUPOBAIHN U3JydeHHEM
na3sepa JICII - "UP3-Tlontoc (0,97 Mxm/10BT)" ipu giu-
TeJIBHOCTH umIynbsca 400 mc, 500 MC ¥ MOIIHOCTH
usnydeHus 1,2 BT. YV >KMBOTHBIX 5-U TPYIIIBl pPaHe-
Bot medeKkT 61 cYOPMHUPOBAH TAKUM 3Ke JIa3epPHBIM
H31y4YeHHeM, HO MOIIHOCTBIO 1,5 BT. V SKHMBOTHBIX
6-1 rpynnsl npu GOpMHUPOBAHUU PaHeBOro JedekTa
MOIIIHOCTb YBeJIM4YeHa 1o 1,8 BT.

JKHBOTHBIX BBIBOJHJIM M3 3KCIEPHMEHTa IIyTeM
130BITOYHOrO0 BBeIEeHHS rekcaHajaa Ha 3-H, 7-e, l4-e
CyTKH IIOCJIe ollepalird. MaKpoIiperapaThl C/IH3U-
CTOHM 00O0JIOUKH OTIPAB/IS/IH Ha THCTOJIOTHYECcKoe
HUCCJIeJOBAHUe.

PE3YJ/IbTATblI N OBCYXXAEHUE

YCTaHOBJIEHO, YTO IIPU BO3JEMCTBHHU Ha CIH3UCTYIO
060/7104Ky /1a3epHBIM H3/yYeHHeM C IJIMHOHN BOJIHBI
1,94 mMxM, MomHOCTBIO 1,2 BT Ha 3 CyTKH, y BceX
SKUBOTHBIX B 30HE€ BO3[EMNCTBHS HMeeTCS paHeBOH
OedeKT c pas3pylleHHBIM snuTenreM (puc. 1). I[ToBepx-
HOCTh OedeKTa MOKPbITA GUOPHHOM, OTMeYaeTcs
HeHTpodUuabHAaSS UHOUABTPALIUS C IPUMECHI0O MaKpPO-
daroB 1 nuMPoUTOB. COCyabl IIOTHOKPOBHBI, MMe-
I0TCA eJUHHUYHBIe OHallefle3Hble KPOBOU3IHUAHUA.
Ha moBepxHOCTH paHBbI 0bpasyercsi GuOpPHUHO3HOTIeN-
KOLIUTApPHBIN CJIOM, II0J HHUM YaCTUYHO HEKPOTHU-
3UpOBaHas MbIIIeYHasl 000704YKa C HEHTPODHIBHO-
3031MHOGUIBHOM UHHIBTpaLiKer. [Ipu BO3AeHCTBUU
Ha CJAH3HUCTYI0 0DOJIOYKY J1a3epoM [JIMHOM BOJIHBI
0,97 MKM MOIIIHOCTBIO 1,2 BT Ha 3-U CYTKH B obnactu
aJIBTepallMK TaKke HAOMIOHAIOTCS AeCTPYKLHS 3IIH-
TeJIMs, YYACTKH KOaryIsSIMOHHOIO HeKpo3a B CJIM3H-
CTOM 000/104Ke M MBIIIEYHON TKAaHH, HO B MEHbIIeH
cteneHH (puc. 2).

[Ipu BO3JEMCTBHMU Ha CJIM3UCTYI0 0DO0IOUKY Jsa3se-
POM OJIMHOM BOJHBI 1,94 MKM KM MOIIHOCTBIO 1,5 BT
Ha TpPeThH CYTKH B 00/MAaCTH OIl€PALIUM SIUTENTHH
OTCYTCTBYeT, OOHapy>KMBaeTCs O4Yar KOAryIsSIIHOH-
HOTO HeKpo3a MBIIIeYHON TKaHU (puc. 3). CTpoma
Me>KIy HeKPOTU3HMPOBAHHBIMU MBIIIEUHBIMH BOJIOK-
HaMM HHOQUIBTPUPOBaAHA HEUTPOPUIAMU H 303U~
HOQUIAMH, COCYOBl PacIIMpeHBl U IIOTHOKPOBHBHI.
IIpu BO3[ICHICTBUU J1a3zepom IJIUHOM BOMHBI 0,97 MKM
M MOLIHOCTBIO 1,5 BT B 00/1acTH j1a3epHOr0 BO3[eH-
CTBUA SIHTENINH MOABEPraeTcsl AecTPyKLHH, HeKpo-
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Puc. 1. PaHesoli dedpekm cau3ucmoli 060A04KU LEKU KPOAUKA
Ha 3-u cymku (A=1,94 mKxm; mouHocmb 1,2 Bm; okpacka zema-
MOKCUAUH-303UH, y8eAuveHue x400)
Fig. 1. Wound defect of the mucous membrane of the cheek

of the rabbit on day 3 (A=1.94 pm; Power 1.2 W; Staining -
hematoxylin-eosin, magnification x400)

the radiation of "LSP - "IRE-Polyus (0.97 pm /10 W)"
laser with a pulse duration of 400 ms, 500 ms
and an output power of 1.2 W.In animals of the
5th group, the wound defect was formed by the
same laser radiation, but with a power of 1.5 W. In
animals of the 6th group, during the formation

Puc. 2. PaHesol depexm cau3ucmoli 060A04KU LeKU KpoAUuKd
Ha 3-u cymku (A= 0,97 mkm; mowHocmsb 1,2 Bm; okpacka zema-
MOKCUAUH-303UH, y8enuyeHue x400)

Fig. 2. Wound defect of the mucous membrane of the cheek

of the rabbit on day 3 (A=0.97 um; Power 1.2 W ; Staining -
hematoxylin-eosin, magnification x400)
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THYeCKHe U BOCIIa/IMTe/JbHble H3MeHeHHs BbIpa-
SKeHBI c1abee, YeM Y SKUBOTHBIX IIPH KCII0JIb30BAHUH
Na3epa AJMHOM BONHEL 1,94 MKM (pHC. 4).

Ha TpeTbu CYTKH IOC/Ie aJbTepallui CIH3HUCTOU
060/7109KH JIa3epPHBIM HU3Ty4eHUeM C JJIMHOM BOTHEI
1,94 MKM 1 MOIITHOCTBIO 1,8 BT 0Yar KoaryisauoHHOro
HeKpo3a MBIIIEYHON TKAHU I10 pa3Mepy bosblle, yem
[P MOIIHOCTH Jyia3epa 1,5 BT. Bokpyr odyara Hekposa
oTMevaeTcs TpoMb03 COCymOB, HEHUTPOQHUIbHAS
MHOUIBTpaLMS, C IPUMECHI0 TUMPOLUTOB U MaKpO-
dbaroB 1 HaunHaIIeHcs nponubepanuent dubpobia-
cToB (puc. 5). IIpyu yBelHMUYeHHH MOIIHOCTH ja3epa
IJAUHOM BoiaHBE 0,97 MKM gm0 1,8 BT y BCE€X SKHBOT-
HBIX B 0071aCTH a/JbTepPallUM OTMEYAIOTCS KPYyIIHBIe
Y4aCTKH HeKpo3a MBIIIEYHON TKaHHU C BhIpa’KeHHOU
HeHUTPOPUIbHOM HHOMIBTPALIHel (PHC. 6).

Ha 7-e cyTKH IIPH HCII0/Ib30BAHMH JIa3epa AJIMHOU
BOMHBI 1,94 MKM, MOIIHOCTHIO 1,2 BT medeKkT snuTe-
JTHU3UPYeTCsl TOIBKO C KpaeB, B GUOPO3HO-pPyOII0BOM
TKaHU COXPaHseTCs HeUTPoQHIbHO-303MHOGUIbHAS
MHOUAbTpalusa. [IpM HCIIONB30BaHUHU Jlasepa OJIH-
HOM BOJHBI 0,97 MKM M MOIIHOCTBIO 1,2 BT Ha 7-e
CYTKH B OTJIMYHe OT IPYIIIBl XUBOTHBIX, B OIIBITE
C KOTOPBIMH OBIJT UCIIO0JIb30BAH JIa3ep IJHUHOMN BOTHEL
1,94 MKM, y BCeX KMBOTHBIX HabomaeTcsa IUTeNIU-
3alMs B 00/1aCTH BO3IEMCTBHS, SIIUTENIHH YTOIIeH
II0 CPAaBHEHUIO C HHTAKTHEIM (pHC. 7). IIpH HCII0/1B30-
BaHHUMU J1a3epa AAUHOM BOMHBHI 1,94 MKM, MOIITHOCTBIO
1,2 BT aHaJIOTUYHYIO KapTHHY Habmomanu Ha 14-e
CYTKH, KOIJa paHeBOH JedeKT IIOTHOCTBHIO SIUTEeNIHU-
3upoBaH (puc. 8).

[Ipy BO3[EMCTBUHU Ha CIHU3HUCTYIO 000JIOUKY j1a3e-
POM OJHMHOM BOMHBL 1,94 MKM, MOIIHOCTBIO 1,5 BT
Ha 7-e CYTKHU 30Ha HeKpo3a YMeHBIIAeTCsS U 3aMella-
eTCSI TPAHYISALMOHHON TKAHBIO, COCTOSIIIEH K3 TAKeH
nponuepupymomux ¢ubpobracToB, KONIAreHOBBIX
BOJIOKOH M MHOTOYHCIEeHHBIX cocymoB. CoxpaHs-
eTcsi yMepeHHass HeUTPOoOUIbHO-303MHOGUIbHAS
UHGUIbTpauus. ITpu MomHocTH asepa 1,5 BT ¢ gau-
HOM BOMHBI 0,97 MKM Ha 7-€ CYTKH y BCeX KBOTHBIX
nedeKThl SIUTETHU3UPOBAHBI, IOL 3IIUTeNneM obpa-
3yeTcs prUOpo3HO-pyOIIOBAS TKAHbD.

Ha 7-e CyTKM IpH HCIIOJb30BAHUU Jia3epa C OJIHU-
HOH BOJHBL 1,94 MKM, MOIIHOCTBIO 1,8 BT coxpaHs-
IOTCSI 0OYary KoaryJIsLlMOHHOI0 HeKpo3a IIoJIesKaluX
MBI, [logjeskamiass MpllledHas [JIACTUHKA [IOYTHU
IIOJTHOCTBIO 3aMellleHa PyOII0BO-GHOPO3HON TKAHBIO,
YaCTHYHO IOKPBITOX PereHepHUpYIOIIUM SIIHUTeIHEM.
®ubpo3Has TKAHb COCTOUT U3 KOJIJIAT€HOBBIX BOJIOKOH
u oubpobnacTos.

Ha 14 cyTKU IIpU MOLIHOCTH BO3JEHCTBHUS /a3epa
OIMHOM BOMHEI 1,94 MKM 1,5 BT y BceX SKUBOTHBIX IT0JI-
Hasl SIUTeNN3aLHsl PAaHEBOM [IOBEPXHOCTH, 07, Hel
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Puc. 3. PaHesoli 0edexm cau3ucmoi 060A04KU LWeKU KpoAUuKa
Ha 3-u cymku (A=1,94 mxm; mowHocmb 1,5 Bm; okpacka zema-
MOKCUAUH-303UH, y8eAuveHue x200)

Fig. 3. Wound defect of the mucous membrane of the cheek

of the rabbit on day 3 (A=1.94 um; Power 1.5 W; Staining -
hematoxylin-eosin, magnification x200)

of a wound defect, the power was increased
to 1.8 W.

The animals were removed from the experiment
by excessive administration of hexanal on the 3rd,
7th, 14th day after the operation. Gross specimens
of the mucous membrane were sent for histological
examination.

Puc. 4. PaHesoli dedpekm cau3ucmoli 060A04KU LWEKU KPoAUKA
Ha 3-u cymku (A= 0,97 mkm; mowHocmb 1,5 Bm; okpacka
2eMamoKCUAUH-303UH, yaeauyeHue x200)

Fig.4. Wound defect of the mucous membrane of the cheek

of the rabbit on day 3 (A=0.97 pum; Power 1.5 W; Staining -
hematoxylin-eosin, magnification x200)
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Puc. 5. PaHesoli 0ecpekm cau3ucmol 060A04KU LWeKU KpoAuKa
Ha 3-u cymku (A=1,94 mkm; moutHocmb 1,8 Bm; okpacka
2eMAMOKCUALUH-303UH, yeeauyeHue x200)

Fig. 5. Wound defect of the mucous membrane of the cheek
of the rabbit for 3 days (A=1.94 ym; Power 1.8 W; Staining -
hematoxylin-eosin, magnification x200)

Puc. 7. lMonHas 3numenusauus dedpekma, UHB0AOUUS
¢ubposzHol mkaHu (A= 0,97 mMkm, MouiHocmb 1,2 Bm, 7-e
CYyMKU; OKpACKa 2emMamoKCUALUH-303UH, yeeauyeHue x200)
Fig. 7. Complete epithelialization of the defect, involution
of fibrous tissue (A=0.97 ym, power 1.2 W, day 7; Staining -
hematoxylin-eosin, magnification x200)

pacnonaraercst Gubpo3Ho-pybLioBasi TKaHb, COXPAHS-
IOTCS1 OYaTH BOCIAIUTeIbHON HHOUIBTPAIUH.

IIpy MOILHOCTH BO3JEHCTBUS Jjasepa MAJIH-
HOM BONHH 1,94 mMkM 1,8 BT Ha 14 CyTKH 3IHTe-
nusanus gedekTa 3aBeplIM/Iach. Ilof smHUTeIHeM
KpYIIHOe IIoJie PyOILIOBOM TKAaHHU C BOCIIATHUTEIbHOM
UHUIBTPALIKEN.

RESULTS AND DISCUSSION

It was found that when the mucous membrane
was exposed to laser radiation with a wavelength
of 1.94 pm, 1.2 W for 3 days, all animals in the
affected area have a wound defect with a destroyed
epithelium (Fig. 1). The surface of the defect is
covered with fibrin, neutrophilic infiltration is

Puc. 6. PaHesoll decpexm cauzucmoti 060A04KU WieKU KpoAUKA
Ha 3-u cymku (A= 0,97 MKm; MoLLHOCMb 1,8 Bm; oKpdcka
2eMAMOKCUALUH-303UH, yeeauydeHue x200)

Fig. 6. Wound defect of the mucous membrane of the cheek
of the rabbit on day 3 (A=0.97 um; Power 1.8 W; Staining -
hematoxylin-eosin, magnification x200)

Puc. 8. MonHas 3numeausauus degpekma, UHB0AKOUUS
¢dubposHol mkaHu (A=1,94 mMmkm, molHocmb 1,2 Bm, 14-e
CYyMKU; OKpACcKa 2emMamoKCUAUH-303UH, yeeauyeHue x200)
Fig. 8. Complete epithelization of the defect, involution of
fibrous tissue (A=1.94 um, Power 1.2 W, day 14; Staining -
hematoxylin-eosin, magnification x200)
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Ha 14 cyTku, IpU BO3[eCTBUH
Ha CJIHM3HUCTYyI0 060/049Ky sa3e-
POM C AJMHOM BOMHBL 0,97 MKM,
MOIIIHOCTBIO 1,2 BT, 3HOHTeIHH
3penbld u AUbbepeHLIMPOBAaH-
HBIA. IIpy KMCIONB30BAHUM MOII-
HOCTH H3ny4yeHMs 1,5 BT nasepa
OJIUHOK BOMHBI 0,97 MKM Yy BCex
SKHBOTHBIX II0J, 3IIKUTEIH3HPO-

MolwHocTb (BT)

Power (W)

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
m NASEPHAA MEOULIMHA =
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

FNy6UHA 30HbI KOATYASLMOHHOIO HEKpO3a (MKM) CIM3NCTON 060/7104KN KPO-
JINKA NpW BO34ENCTBUM 1A3EPHOI0 U3/YYeHNS Pa3/IMYHOM MOLLHOCTU C A INH-
HOW BOJIHbI 0,97 MKM 1 1,94 MKM Ha 3 cyTkn (M £ m)

The depth of the coagulation necrosis area (um) of the rabbit mucous
membrane when exposed to laser radiation of different power with a long
wavelength of 0.97 pm and 1.94 um for 3 days (M = m)

Nazep, A=0,97 MKM
Laser,A=0,97 um

Nazep, A=1,94 MKM
Laser, A=1,94 um

623,5+79,3 645,3+28,9 0,12
766,3£67,8 851,8+41,6 0,00
995,7+£55,7 1035+80,2 0,00

BaHBIM JAepeKTOM CJIOM COeqH- 1.2
HUTeNBHOM TKaHHU C yMepeH- 15
HOM 1uMo-MakpodaraaibHOU 18
HHOQUIBTpalluer, mnpoaudepa- '
nueid Gu6pobIaCTOB M IPOJONb-  *p<0,05

HBIM PaCIIOJIOKeHHeM KOJIJIaTeHO-
BBIX BOJIOKOH. [IpM yBe/JIMUYeHHUH MOLIHOCTH 10 1,8 BT
y BCeX KMBOTHBIX JIa3epHble JepeKThl SIIUTeIU3HUPO-
BaHBI, 3MHUTeNUMN 3pesablll xopouo gubdepeHIUPO-
BaH. [lox snuTenueM pybrioBast TKaHb 6e3 3aMeTHOM
BOCIIAJIMTENbHON UHOUABTPALIUH, OTUET/IMBO BUAHA
pe30pb1IKisi MBIIIEYHBIX BOJIOKOH.

C Le/bI0 YCTAHOBJIEHUS Pa3IU4YUN B JUHAMHKE
paHeBoro mpolecca MATKHX TKaHeH IOJIOCTH pTa
6pl1a M3y4yeHa ITyOHMHA TEPMHUUECKOT0 ITOBPESKAeHU S
TKaHeHM M IPOTS>KeHHOCTh 30HBI KOATYISLIHOHHOIO
HeKpo3a. YCTaHOBJIEHO, YTO CpefHsis IybHMHa Koa-
TYJISILMOHHOIO HeKpo3a Ha 3 CYTKHU IIPH KCIIONb30Ba-
HUHU ja3epa C JINUHOM BoAHEL 0,97 MKM BapbHpoBaia
0T 623,5+79,3 MKM 110 995,7+55,7 MKM IIpH MOIIIHOCTH
0T 1,2 101,8 BT, IpX UCIIO/Ib30BAaHU U J1a3epa C JJIMHOU
BOJIHHI 1,94 MKM MOIIHOCTBIO OT 1,2 mo 1,8 BT cpen-
Hsis T1yOHMHA KOaryasSIMOHHOIO HeKpo3a Ha 3 CYyTKHU
cocTaBua oT 645,3+28,9 MKMm 10 1035+80,2 MKM. Ha 3
CYTKH HAaWMMeHbIlas CpeJHss ITyOHHA KOary/IsLuoH-
HOTO0 HeKpo3a OTMe4eHa ITPY MOIIHOCTH BO3JeHCTBUSA
1,2 BT nazepoM C AJIMHOM BONHBI 0,97 MKM - 623,5+79,3
MKM, Haubonpliasi IpPH MOIIHOCTH BO3LENCTBUS
1,8 BT 1a3zepom C IJIMHOM BONHBI 1,94 MkM - 1035+80,2
MKM. IIpy BO3[IEHCTBHH Ha CIHU3HUCTYI0 0DO0JIOUKY
IIOJIOCTH PTa Kponuka jasepom "HP3-Tlomtoc (0,97
MKM/10BT)" MomHOCTBIO0 1,5 BT 11 1,8 BT I10 CpaBHEHHIO
¢ "UP3-Tlonroc (1,94 MRM/5 BT)" 0OTMeUYeHBI TOCTOBEP-
Hble Pas3JINYUs IIyOHHBI KOATryISILHOHHOIO HEKpo3a
paHBbI Ha 3 cyTKkH (766,3+67.8 MKM U 851,8+41,6 MKM)
U (995,7+55,7 MKM U4 1035+80,2 MKM) COOTBETCTBEHHO,
[P MOIHOCTH H3/1y4eHUs 1,2 BT pa3nu4us 611 He
OOCTOBEpPHBIMHU (623,5+79,3 MKM M 645,33+£28,9 MKM)
(Tabi. 1).

M3 maHHBIX TabIHLIBI CJIeAyeT, YTO IIyOrHa Koary-
JISIMOHHOI0 HeKpOo3a BapbUpoBajach B 3aBUCHMOCTH
OT MOIIHOCTH JIa3€pHOr0 M3/IyYeHHsI KaK IIPU BO3-
JeHCTBHUU 1a3epa A=0,97 MKM, TaK U IIpH HCII0JIB30-
BaHMHU 1a3epa A=1,94 MKM.
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noted with an admixture of macrophages and
lymphocytes. The vessels are full-blooded, there
are single diapedemic hemorrhages. A fibrinous-
leukocyte layer is formed on the surface of the
wound, and under it a partially necrotic muscular
membrane with neutrophilic-eosinophilic
infiltration. When the mucous membrane was
exposed to a laser with a wavelength of 0.97 pm, a
power of 1.2 W for 3 days in the region of alteration,
destruction of the epithelium, areas of coagulation
necrosis in the mucosa and muscle tissue, but to a
lesser extent, are also observed (Fig. 2).

When the mucous membrane was exposed to
a laser with a wavelength of 1.94 pm, a power
of 1.5 W, for 3 days, the epithelium is absent in
the area of operation, the center of coagulation
necrosis of muscle tissue is detected (Fig. 3). The
stroma between necrotic muscle fibers is infiltrated
with neutrophils and eosinophils, the vessels are
dilated and full-blooded. When exposed to a laser
with a wavelength of 0.97 pm and a power of
1.5W, the epithelium undergoes destruction in the
area of laser radiation, necrotic and inflammatory
changes are less pronounced than in animals
exposed to a laser with a wavelength of 1.94 pm
(Fig. 4).

On day 3 after alteration of the mucous
membrane by laser radiation with a wavelength
of 1.94 pm and a power of 1.8 W, the size of the
coagulative necrosis of muscle tissue is larger in
size than with a laser power of 1.5 W. A vascular
thrombosis, neutrophilic infiltration, with an
admixture of lymphocytes and macrophages and
the beginning proliferation of fibroblasts (Fig. 5)
are noted around the center of necrosis. With
an increase in laser power of 0.97 pm to 1.8 W in
all animals, large areas of muscle necrosis with
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3AKJ/TIOMEHUE

TakuM o6pasoM, IOC/e JIa3epHOM aJbTepallhuH CJIH-
3UCTOM 060/10YKK 3KCIIEPUMEHTATBHBIX KUBOTHBIX
IIPOUCXOAUT pereHepalnus TKaHeH. Bo3gencTBHe
JIa3epHBIM H3/Iy4eHHeM Ha CJIM3HCTYI0 060/I04Ky pTa
BBI3BIBAET KOATYISALIMOHHBIM HEKPO3 U I10C/Ie/ YOIy IO
BOCIIA/JIUTE/IbHYI0 peaKLMI0 TKaHH C JeCTpPyKIHeHn
SMUTeNS], CIM3UCTOMN 060/I0UKH U YaCTUYHO MBbIIIeY-
HOM TKaHH. FIHTeHCHBHOCTb 3THX IIPOLIECCOB IIPSIMO
IIPOIIOPLUMOHAJIbHA MOIIHOCTH JIa3€pHOr0 H3Jyde-
HHS. PereHepalllsg TKaHeH M 3a’KHBJICHHE PaHEBOIO
JedexkTa 3aMeIJIseTcs MPU YBeJIWYeHHUH MOIIHOCTH.
JlazepHoe H3/1y4yeHHe C AJIMHOU BOIHBL 0,97 MKM BBI3BI-
BaeT HM3MeHeHHe TKaHel MeHbIlell MHTeHCHBHOCTH,
4eM H3JlydeHHe JJIMHOU BOJHBI 1,94 MKM. CKOpPOCTb
IIPOLIECCOB pereHepaluu IIPH 3TOM TaKsKe BhIIIE,
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pronounced neutrophilic infiltration are observed
in the alteration area (Fig. 6).

On day 7, using a 1.94 pm laser, with a power
of 1.2 W, the defect is epithelialized only from
the edges, neutrophilic eosinophilic infiltration
is maintained in the fibrous-scar tissue. When
using a laser with a wavelength of 0.97 pm and
a power of 1.2 W for 7 days, unlike the group of
animals that used a laser with a wavelength of
1.94 pm, all animals show epithelialization in the
area of impact, the epithelium is thicker than in
the intact areas (Fig. 7). When using a laser with
a wavelength of 1.94 pm and a power of 1.2 W, a
similar picture was observed on day 14, when
the wound defect was completely epithelized (Fig.
8).

When the mucous membrane was exposed to
a laser with a wavelength of 1.94 pm, a power of
1.5 W for 7 days, the area of necrosis is reduced
and is replaced by granulation tissue consisting of
cords of proliferating fibroblasts, collagen fibers
and numerous vessels. Moderate neutrophilic-
eosinophilic infiltration is maintained. When the
laser power is 1.5 W with a wavelength of 0.97
pm on day 7, the defects are epithelized in all
animals, fibrous-scar tissue is formed under the
epithelium.

On day 7, when using a laser with a wavelength
of 1.94 pm, a power of 1.8 W, foci of coagulation
necrosis of the underlying muscles are maintained.
The underlying muscle plate is almost completely
replaced by scar-fibrous tissue, partially covered
with regenerating epithelium. Fibrous tissue
consists of collagen fibers and fibroblasts.

On day 14, with a laser exposure power of
1.94 pm 1.5 W, all animals have complete
epithelialization of the wound surface, fibrous-
scar tissue is located under it, and inflammatory
infiltration is maintained.

With a laser wavelength of 1.94 pm a power
of 1.8 W on day 14 epithelization of the defect
is completed. Under the epithelium, there is
a large field of scar tissue with inflammatory
infiltration.

On day 14, when the mucous membrane was
exposed to a laser with a wavelength of 0.97 pm,
a power of 1.2 W, the epithelium is mature and
differentiated. When using the radiation power of
a 1.5 W laser with a wavelength of 0.97 um all
animals show a layer of connective tissue under the
epithelial defect with moderate lymph macrophage
infiltration, proliferation of fibroblasts and
longitudinal arrangement of collagen fibers. With an
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increase in power up to 1.8 W, the laser defects in all
animals are epithelialized, the epithelium is mature
and well differentiated. Under the epithelium, scar
tissue without noticeable inflammatory infiltration,
resorption of muscle fibers is clearly visible.

In order to establish differences in the dynamics
of the wound process of the soft tissues of the oral
cavity, the depth of thermal damage to the tissues
and the length of the zone of coagulation necrosis
were studied. It was established that the average
depth of coagulation necrosis on day 3 when exposing
to a laser with a wavelength of 0.97 pm varied from
623.5+79.3 pm to 995.7 + 55.7 pm and power from 1.2
to 1.8 W, when using a laser with a wavelength of
1.94 pm and a power of 1.2 to 1.8 W, the average depth
of coagulation necrosis on day 3 was from 645.3 +
28.9 pum to 1035 + 80.2 pm. On day 3, the smallest
average depth of coagulation necrosis was observed
with a power of 1.2 W by a laser with a wavelength
of 0.97 pm - 623.5 +79.3 um, the highest one with an
impact power of 1.8 W by a laser with a wavelength
of 1.94 pm - 1035 + 80.2 microns. When the mucous
membrane of the oral cavity of a rabbit was exposed
to IRE-Polus (0.97 micron/10 W) laser with a power
of 1.5 W and 1.8 W compared to IRE-Polyus (1.94
micron/5 W) laser, reliable differences in the depth
of coagulation necrosis of the wound on day 3 (766.3 +
67.8 pm and 851.8 + 41.6 pm) and (995.7 + 55.7 pm and
1035 + 80.2 pm), respectively, with radiation power 1,
2 W differences were not significant (623.5 + 79.3 pm
and 645.33 £ 28.9 pm) (Table).

From the data in Table 1, it follows that the
depth of coagulation necrosis varied, depending
on the laser power, both when exposed to a laser
A =0.97 pm, and when using a laser A =1.94 pm.

CONCLUSION

Thus, after laser alteration of the mucous
membrane of experimental animals, tissue
regeneration occurs. The effect of laser radiation
on the mucous membrane of the mouth causes
coagulation mnecrosis and the subsequent
inflammatory tissue reaction with destruction
of the epithelium, mucous membrane and partly
muscle tissue. The intensity of these processes
is directly proportional to the power of the laser
radiation. Tissue regeneration and wound defect
healing slows down as power increases. Laser
radiation with a wavelength of 0.97 pm causes a
change in tissue of lower intensity than radiation
with a wavelength of 1.94 pm. The speed of the
regeneration processes is also higher.





