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Llenb: oueHKa 3¢ dEKTUBHOCTM perucTpaLmm MUKPOLMPKYIALMM NAapOAOHTa METOAOM NIa3epHoi gonnneposckoit pnoymeTpum (JIAD) ¢ ncnonbsosa-
HWEM MHAMBMAYANbHOTO NO3ULMOHEP], CMPOEKTUPOBAHHOTO METOLOM KOMMbIOTEPHOMO MOAENMPOBAHUA U U3rOTOBAEHHOIO C NPUMEHEHNEM cTepe-
onutorpapuu.

Marepuan n metogpl: 06¢cne0BaHO 66 MONOAbIX YeNOBeK B Bo3pacTe 21-23 neT ¢ KAMHUYECKU 340POBbIM NapofoHTOM. [epByto rpynny cocTaBuam
obcnegyemble, KOTOPbIM NMPUMEHANCA UHANBUAYaNbHbIV NO3ULMOHED, U3TrOTOB/IEHHbIW U3 OTTUCKHOrO C-cuaMKoHa. BTopyto rpynny coctasuam ob-
cnesyemble, KOTOPbIM NPUMEHANCA UHAMBUAYANbHBIN NO3ULIMOHEP, M3TOTOBAEHHbIN U3 poToNoAMMEPa METOAOM CTepeonuTorpadum ¢ NPUMEHeHu-
€M KOMIMbIOTEPHOTO NPOEKTUPOBaHMUA. [INA OLEHKM 3PpOEKTUBHOCTU PErNCTPaLMU MUKPOLIMPKYAALMM NapodoHTa meTogom JIAd aHanusmuposanmcb
pacyéTHble NapameTpbl 6a30BbIX NOKa3aTenelt MUKpOLMpPKyAaLMU: MM — cpefHAs BeNUYMHA Nepdy3nn KPOBU TKaHEN NAapoAoHTa; & — cpesiHee Kone-
6aHve nepdy3nn OTHOCUTENBHO CPESHErO 3HAYEHUA NOTOKA KPOBYM 1 KO3GdULMeHT Bapuaumm Kv. CtaTuctnieckas obpaboTka pesynbtaToB NpoBoam-
nacb B nporpammHom obecneyeHmnn «Statistica 13».

Pe3ynbraTbl: CTaTUCTUMYECKUIA aHaNM3 6330BbIX NOKasaTenei MUKPOLMPKYNALMK TKaHel NapoAoHTa No AaHHbIM JIAP npy NnpUMeHeHUN PasanYHBbIX
MHAMBUAYaNbHbIX NO3ULMOHEPOB NOKa3a CTaTUCTUYECKU 3HaUMMble pasnmnuma (p<0,05). 3HaueHue meamaHbl [TM Npu NPUMEHEHUU CUNMKOHOBOTO
nosvumoHepa B | rpynne 6b110 B 1,6 pasa HUKe, Yem Npu NpUMeHeHU GOTONOIMMEPHOTO No3uLMOoHepa BO |l rpynne. 3HayeHne MeAWaHbl NoKasaTe-
NA C NPY NPUMEHEHWUMU CUAMKOHOBOTO NO3MLIMOHepa B | rpynne 66110 Bbiwwe B 2,3 pasa, Yem Npu npumeHeHUn GOTONOMMEPHOTo No3uLMoHepa Bo Il
rpynne. 3HayeHne meanaHbl NokasaTensa Kv npu npuMeHeHMn CUAMKOHOBOrO No3uLuoHepa B | rpynne okasanoch Bbile B 2,5 pasa, 4em npu npume-
HeHun doToNoIMMEPHOTo No3uLMoHepa Bo Il rpynne.

3aKnioyeHue: npumeHeHe GOTONOAMMEPHOTO NO3ULMOHEPa, B OT/IMYME OT CUAMKOHOBOrO, 0becrneynBaeT NoCTOAHHOE GUKCUPOBAHHOE PACCTOAHUA
MEXAY TKaHAMMW NapOLOHTa U CBETOBLIM 30HAOM, UCK/IIOYAET CMeLLEeHNe CBETOBOAQ, @ TaKKe YCTpaHAeT AaBAeHUe Ha TKaHW NapoAoHTa BO Bpems
nccnesfoBaHuA, 4To obecneynBaeT BbICOKYIO NPELM3NOHHOCTb 1a3epHON AUArHOCTUKU.

KnioueBble cnoBa: hyHKUUOHANbHAA duazHocmuka, /IAP, mukpoyupkynayus, napodoHm, CAD, cmepeonumozpacpus.

Ana unutuposaHuna: ®PneHknH AA, Epmonbes CH. MpumeHeHne MHAMBUAYANBHOMO NO3ULMOHEPA, CNPOEKTMpoBaHHOro metogom CAD, ansa cBeTOBOAHOIO
30HAa NPU Na3epHON AMATHOCTUKE MUKPOLMPKYAALMM NapogaoHTa. BecmHuk AsuueHHsl. 2022;24(1):59-65. Available from: https://doi.org/10.25005/2074-
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USE A CUSTOM-MADE CAD PROBE HOLDERS FOR PERIODONTAL
MICROCIRCULATION ASSESSMENT BY LASER DOPPLER FLOWMETRY

A.A FLENKIN, S.N. ERMOLYEV

Department of Periodontology, Moscow State University of Medicine and Dentistry named after A. I. Evdokimov, Moscow, Russian Federation

Objective: To perform laser Doppler flowmetry (LDF) periodontal microcirculation assessment using custom-made, computer-aided-designed probe
holders manufactured by stereolithography (SLA).

Methods: 66 young people aged 21-23 years old with clinically healthy periodontium were examined. The first group consisted of subjects where a
custom-made probe holder was fabricated using a silicone impression mould technique. The second group consisted of subjects where a custom-made
computer-aided-design probe holder made of a photopolymer by SLA was used. The basic microcirculation parameters were analysed to evaluate
periodontal microcirculation by the LDF method: the PM — average perfusion value in periodontal tissues; & — the average square deviation of the
amplitude of blood flow fluctuations from the arithmetic mean value, Kv — coefficient of variation (%). Statistical processing of the results was carried
out using the software package Statistica 13.0 (StatSoft Inc, USA).

Results: Statistical analysis results indicated that the functional characteristics of the periodontal microcirculation using various custom-made fibre
optic probe holders used in capillary blood flow monitoring had significant differences p<0.05. The value of the median PM when using a silicone
holder in group | was 1.6 times lower than when using a photopolymer holder in group Il. The median value of the o index when using a silicone holder
in group | was 2.3 times higher than when using a photopolymer holder in group Il. The median value of the Kv when using a silicone holder in group
| was 2.5 times higher than when using a photopolymer holder in group II.

Conclusion: A photopolymer probe holder, unlike a silicone one, provides a constant fixed distance between the periodontal tissues and the LDF probe,
prevents movement or probe displacement, and makes it possible to avoid pressure on the gingival tissue, ensuring high accuracy of laser diagnostics.
Keywords: Functional diagnostics, LDF, microcirculation, periodontium, CAD, stereolithography.
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BBEAEHMUE

HapyleHns MUKPOLMPKYNALMM ABASKOTCA BaXKHbIM 3BEHOM B
Pa3BUTUM MATONOTUYECKMX MPOLLECCOB B TKAHAX MApPOAOHTA. PaHHAA
[MarHoCTUKa Mo3BOJIAET BbIABUTb CKPbITbIE MPOLLECCHI, NPOUCXOAs-
LLMe NPU HApYLUEHMAX B TKAHAX NMapPOAOHTA 33 CYET peakLMmn MUKPO-
COCYL,0B Ha BbIBPOC BUONOTMYECKM aKTUBHBIX BELLECTB B COCYAUCTOE
PYCNo, Bbi3bIBAOLMX BAa30AMNATALLMIO, BA3OKOHCTPMKLIMIO, ULLEMUIO
nnm ctas. OZHUM M3 paHHWUX NPU3HAKOB HAPYLEHUA MUKPOLMPKY-
NALUM ABNAETCA IOKA/IbHbIN CMa3M apTepuon, 3acTOMHbIe ABNEHUA B
BEHY/IAX, @ TaKXKe CHUMKEHWE MHTEHCUBHOCTM KPOBOTOKA B HYTPUTMB-
HOM 3BEHe KanuanspHoro pycna. Mpu passBUTAM MATONOTUYECKOTO
NpPOLecca LeHTPasIbHbIM 3BEHOM B PA3BUTUM MUKPOLMPKYAATOPHBIX
HapyLUEeHWUI ABASETCA PacCTPOMCTBO KanWANSPHOTO KPOBOTOKA, 06bIY-
HO HaYMHAIOLLEECA CO CHUMKEHMA €ro0 MHTEHCMBHOCTY, @ 3aKaHUYMBatO-
Leecs pasBUTMEM KaNUANAPHOTO CTa3a B HYTPUTMBHOM 3BEHE MUKPO-
LUMpPKyNaTopHoro pycna [1-5].

Ob6BbEKTMBHAA PErUCTPaLMA COCTOAHUA MMEHHO KanWAApHO-
O KPOBOTOKA BaXKHa KaK A/1f OLEHKM CUCTEMHbIX M IOKaNbHbIX pac-
CTPOWCTB MUKPOLMPKYNALMM, TaK U 418 NPOrHO3a TEYEHUS NaToNo-
TMYECKMX COCTOAHMIM B NApPOAOHTE. 1A BbIABNEHWUA NAaTONOMMYECKUX
COCTOSIHWI B NapOAOHTe NPUMEHAETCA Nla3epHas AONM/IepPOBCKas
dnoymetpua (N4P). MeToanka OCHOBaHa Ha PErMUCTPaLMM YPOBHA
KanUANAPHOrO KPOBOTOKA B TKAHAX MAapOAOHTA NpW 30HAMPOBaHMU
WX N1a3epHbIM U3y4eHMEM W OMpedeNeHuMn MapameTpoB MMKPO-
LIMPKYAALMM KPOBU NO OTPANKEHHOMY M3IYYEHWUIO OT ABMMKYLLMXCA B
MUKpococyaax aputpoumTtos. /14D nossonseT onpesenstb ypoBeHb
nepdy3nmn KPoBbtO TKAHEN NAPOAOHTA C LLENbO MArHOCTUKM CTEMEHM
HapyLUeHU MUKpOLMpKyaLmuK [6, 7].

[locTaBKa 1a3epHOro U3Ny4YeHUs K TKaHW U MPUEM OTPAXKEHHOTO
curHana B npubopax, peanmsytowmx metoa /14D, ocyliecTsaaoTCA ¢
NMOMOLLLbIO CBETOBOAHOMO 30HAQ, COCTOALLETO M3 TPEX CBETOBOAHBIX
BOJIOKOH. OZHO M3 HMX UCMONL3YETCA A8 NepeAayn 30HAMpYyoLLe-
ro M3NYyYeHWs, a ABa APYIMX — ABAAIOTCA NMPUEMHbBIMM, MO KOTOPLIM
OTPAKEHHOE M3/Ty4eHMe LOCTaBAAETCA K Npubopy ana AanbHenwemn
06paboTku. O6bEM 30HANPYEMOIA TKaHM B MmeToae /1P onpeaenset-
CA reOMeTpUEN U ONTUYECKMMM NapameTpaMu CBETOBOAHOMO 30HAa
1 COCTaB/IAET, KaK NPaBuio, 0koso 1 Mmm3, B aTom 06bEMe uncno apu-
TPOLMTOB MOMKET AOCTUraTb HECKONbKUX AECATKOB ThicAY [8].

B onTnyeckom BONOKHE, MPUMEHAEMOM B COBPEMEHHbIX am-
napaTax J1a3epHoi AUArHOCTUKU MUKPOLMPRYAALUM, JOMKHO 0be-
CneymBaTbCa (UKCMPOBAHHOE PACCTOAHUE MEXAY MUcCiemsyembiM
00bLEKTOM M M3/Iy4aTeNem, WCKAYaTbCA CMelleHMe OMTOBO/O-
KOHHOrO 30HA3, @ TaKXe [JaBJeHMEe Ha TKaHW MapOofOHTa BO Bpe-
MS MCCNepoBaHUA. ITO NPUBOAMT K HEODXOAMMOCTU NPUMEHEHUA
MHAMBUAYA/IbHBIX NO3MLMOHEPOB A/ obecneyeHns cTabunbHOM
dUKcaumMm onNToOBONOKOHHOIO 30HAA. CMIMKOHOBbIE MO3ULMOHEPDI,
NoNyYMBLUME LIMPOKOE PAacnpoCTpaHeHWe B HacTosAuee Bpemsa [9],
MMEIOT PAJ, HEAOCTAaTKOB, B CBA3M C YEM BO3HMK/IA HEOOXOAMMOCTb
pa3paboTkmM HOBOro cnNocoba NO3MLMOHMPOBAHUA ONTOBONOKOHHO-
ro 3oHaa [10].

Ha cerogHAWHMI AeHb B CTOMATONIOMMM WMPOKO NPUMEHAETCA
KOMMblOTEpHOE NpoeKTMpoBaHue — computer-aided design (CAD) u
3D neyvatb. Mcnonb3oBaHME AaHHbIX METOAMK ANA PELeHns npobne-
Mbl NO3ULLMOHMPOBAHMA ONTOBOSIOKOHHOTO 30HAQA NPW N1A3epPHON an-
arHOCTMKe NapoAOHTa ABNAETCA aKkTyanbHbIM [11].

LLENb UCCNEQOBAHUA

OueHKa 3QPEKTUBHOCTU PETUCTPALMM MUKPOLMPKYAALMM Ma-
pofoHTa Mmetogom JIAD ¢ MCNONb30BaHWEM WHAMBMAYANbHOMO MO-
3WLMOHepa, CNPOEKTUPOBAHHOMO METOAOM KOMMbIOTEPHOTO MPOEK-
TUPOBAHWA U U3rOTOBNEHHOTO C NPUMEHEHUEM CTepeonnTorpaduu.
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INTRODUCTION

Microcirculation disorders are an essential link in develop-
ing pathological processes in periodontal tissues. Early diagnosis
identifies hidden pathological processes in periodontal tissues
associated with microvessels' response upon releasing biological-
ly active substances into the vascular bed, causing vasodilation,
vasoconstriction, ischemia or stasis. One of the early signs of mi-
crocirculation disorders is a local spasm of arterioles, congestion
in venules, and a decrease in the intensity of blood flow in the
nutritive capillary bed. A central link in microcirculatory disorders
is decreased intensity of capillary blood flow, leading to the de-
velopment of capillary stasis in the nutritive capillary bed [1-5].

Objective assessment of capillary blood flow is essential for
diagnosing systemic and local microcirculation disorders and pre-
dicting the periodontal pathological conditions outcomes. Laser
Doppler flowmetry (LDF) is currently used to detect pathological
conditions in the periodontium by recording capillary blood flow
in periodontal tissues. The technique is based on probing tissue
with laser radiation and determining blood microcirculation pa-
rameters by reflected radiation from erythrocytes moving in mi-
crovessels. Therefore, LDF estimates periodontal tissues' blood
perfusion to assess the degree of microcirculatory dysfunction [6,
71.

LDF is carried out by illuminating tissue with low-power la-
ser light using a probe containing three optical fibre light guides.
Laser light from one fibre is scattered within the tissue while oth-
er fibres collect the light reflected from the tissue for photometry
and further processing. The fibre optic laser probe's geometry
and optical parameters determine the probed tissue volume, ap-
proximately 1.0 mm?3. In this volume, the concentration of moving
erythrocytes can reach several tens of thousands [8].

In modern devices for laser diagnostics of microcircula-
tion, a constant fixed distance between the periodontal tissues
and the LDF probe should be ensured. In addition, the displace-
ment of the fibre optic probe and pressure on periodontal tissues
during the study should be avoided. To secure the probe in the
appropriate position, custom-made probe holders to ensure sta-
ble fixation of the fibre optic probe were used. However, silicone
holders, which are currently widely used [9], have several disad-
vantages, and therefore it became necessary to develop a new
method for correct positioning of fibre optic probes [10].

Computer-aided design (CAD) and 3D printing are widely
used in dentistry. Therefore, using these techniques to solve the
problem of positioning a fibre optic probe in laser diagnostics of
the periodontium is relevant [11].

PURPOSE OF THE STUDY

LDF periodontal microcirculation assessment using cus-
tom-made, computer-aided-designed probe holders manufac-
tured by stereolithography (SLA).

METHODS

The study was carried out at the Department of Perio-
dontology, Moscow State University of Medicine and Dentistry
named after A. |. Evdokimov, Moscow, Russia. 66 young people
aged 21-23 years with clinically healthy periodontium were se-
lected. Ethical principles were observed during the study, and
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MATEPUAN U METOAbI

MccnenoBaHue ocyLLecTBAANOCh Ha Kadeape NapofoHTONOIMU
KAMHMYecKoro LeHTpa YentocTHO-NNLEBOM, PEKOHCTPYKTUBHO-BOC-
CTaHOBUTENBHOM W niacTuyeckon xupyprun Knunuku MIMCY um.
A.W. EBooknmoBa. bbinn 0bcneaosaHbl 66 MoNOAbIX YENOBEK B BO3-
pacte 21-23 neT ¢ KNIMHUYECKM 300P0BbIM NapogoHTOM. [Mpu npose-
JEeHWUU nccnefoBaHuA cobnoaeHbl STUYECKME NPUHLMMDI, NONYYEHO
£06poBO/IbHOE NUCbMEHHOE COMMacue NaLMEHTOB Ha 06c/el0BaHME.

Mepsyto rpynny coctaBunu 33 Yenoseka (cpegHuit Bo3pacT
21,440,12 neT), KOTOPbIM MPUMEHANCH UHAMBUAYANbHBIA NO3ULMO-
Hep 17 IA3ePHOT0 CBETOBOZA, M3rOTOB/IEHHbIN U3 OTTUCKHOTO C-cu-
NIMKoHa [9].

BTopyto rpynny Tak:e cocTasuau 33 yenoseka (cpegHuit Bos-
pact 21,53%0,13 neT), KOTOpbIM MNPUMEHANCA WHAMBUAYANbHbIV
NO3NLMOHEP, M3rOTOBNEHHbIN M3 (oTONONAMMEPa METOLOM KOM-
MbIOTEPHOTO NMPOEKTUPOBAHWA, B MPOrPaMMHOM obecrneyeHun ans
TPEXMEPHOr0 MOAENIMPOBAHMA XMPYpruyeckux wabnoHos «Blue Sky
Plan» Bepcua 4.8.41. PacneyaTka no3uuUMOHepa OCYLLECTBAANACL HA
3D npuHTEpe, paboTatoLiem Mo TEXHOAOIMKN cTepeonuTorpadum SLA
(Stereolithography) [10, 11].

Perncrpaums cocTosHUA MUKPOLMPKYIALMM KPOBU B NApPOAOH-
Te u3yyanacb metogom 14D B cocToAHUMU GDU3MONOrUYECKOTO NOKOA
annapatom JIAKK-M Nasma (Poccus). O6bpaboTka AaHHbIX OCyLiecT-
BNANACh C NpMMeHeHMem nporpammbl Juactom (Poccua) [8]. 3anuch
NAd-rpamm npoBoaMnack B 30He cBOBOAHOM AeCHbI 6inxke K Mapru-
Ha/IbHOW YacTV NapOAOHTa, B TEUEHUE 5 MUHYT C NPUMEHEHMEM CBe-
TOBOrO 30HAa AMamMeTpoMm 3,2 MM B KPacHOM Ayana3oHe J1a3epHoro
N3/Ty4eHUA C ANMHOM BOHbI 0,63 MKM.

[lnA OLEeHKM MUKPOLMPKYAALMU NAapOAOHTA, aHAaM3UPOBANUCH
pacyeTHble nokasatenu: MM (cpeaHas BennunHa nepdysum obbvEma
KPOBW TKaHel napodoHTa) B Nepdy3noHHbIX eanHuuax — nd. ea.; &
(cpeaHee KonebaHue nepdysun) — nd. ea.; Kv (koadpduumeHT Bapua-
Lmu) B npoueHTax — % [8].

Cratuctnyeckan 06paboTka pe3ynsTaToB NposoaMnacL B Npo-
rpammHom obecnedyeHun «Statistica 13» (StatSoft Inc., USA). Mpu
OMUCAaHUM KONIMYECTBEHHOIO MPU3HaKa, pacrnpefeneHue KoToporo
OT/IMYAI0Cb OT HOPMAIbHOTO, UCMONb30BANCh MeAMaHa U MEXKBap-
TUbHbBIN MHTepBan (Me [25q; 75q]), Ana rpadmyeroro oTobpaxeHus
JaHHbIX — ALLMKOBaA Anarpamma. CpaBHeHWe rpynn NpoBOANUIOCH He-
NapaMeTpPMYeCKUM METOAOM /15 Mapbl HE3aBUCMMBbIX BbIGOPOK — Mo
U-kputeputo MaHHa-YUTHWU. Pasanuma cuntanmcb CTaTUCTUYECKM 3Ha-
ynmbiMu Npu p<0,05 [12-15].

PE3YNIbTATbI U UX OBCYXXAEHUE

Kak nokasana cratuctuueckas 06pabotka nonyyeHHbIX pesysb-
TaTOB, ANATHOCTUYECKME XapPaKTEPUCTUKN MUKPOLMPKYIALMM TKaHeH
NapoAoHTa NPU NPUMEHEHUM PA3ANYHBIX MHANBUAYAbHBIX NO3ULIM-
OHEepOB CBETOBOAHOIO 30HAQ /1a3epHOr0 aHanM3aTopa KanuanApHo-
ro KPOBOTOKa, UMenn 3Hauumble pasnnuma p<0,05. Pacnpegenexue
NONYYEHHbIX JaHHbIX B UCCAedyeMbIX Fpynnax NpeacTaBaeHo Ha Ana-
rpammax pasmaxa (puc. 1-3) [15].

Bblpa)keHHaA NEeBOCTOPOHHAA acMMMeTpUA Tena AlMKa Aau-
arpammebl nokasatena MM | rpynnbl 33 CHET 3HAUUTENBHOTO CMeLLe-
HWUA MefMaHbl OT CPeAHEro 3HaYEHWUA K HUKHEeMY KBapTWlo cauae-
TENbCTBYET O HEHOPMaNbHOM pacnpeseneHun AaHHbIX B BblbopKe
M TEHOEHUMM K HU3KMM 3HaveHuam MM napogoHTa. B To e Bpema
CUMMETPUYHOE Teno Awmka avarpammsl MM napogoHTa Il rpynnbi
MU MaKCMManbHO NPUBAMMKEHHAA K CpeaHeMy 3HAYeHWUID MeamaHa
CBMAETENbCTBOBANA O pacnpeseneHnu AaHHbix 8o Il rpynne 6ausko K
HOPMa/IbHOMY PacnpeseneHuio, YTo ABAAETCA NPU3HaKom bonee Tou-
HbIX Nnokasatenei 8o |l rpynne (puc. 1) [14, 15].

subjects' voluntary written informed consent for the examination
was obtained.

The first group consisted of 33 people (mean age 21.4+0.12
years) who used a custom-made holder for a fibre optic probe
made of a c-silicone impression material [9].

The second group also consisted of 33 people (mean age
21.5340.13 years) who used a custom-made photopolymer hold-
er. The holder was digitally designed as a surgical template using
the Blue Sky Plan® software version 4.8.41. The surgical template
then was printed on a 3D printer using stereolithography (SLA)
technology [10, 11].

The LDF periodontal microcirculation measurement at rest
was carried out using a multifunctional laser non-invasive certi-
fied diagnostic system "LAKK-M" (SPE "LAZMA" Ltd., Moscow,
Russia). Data processing was carried out using the Diastom pro-
gram (Russia) [8]. LDF measurements were performed in the area
of the marginal (free) gingiva of the periodontium for 5 minutes
using a fibre optic probe with a diameter of 3.2 mm emitting red
light with a wavelength of 630 nm.

In order to assess the microcirculation of the periodontium,
the calculated indicators were analysed: the PM — average per-
fusion value in periodontal tissues; 6 — the average square devi-
ation of the amplitude of blood flow fluctuations from the arith-
metic mean value, Kv — coefficient of variation (%) [8].

Statistical processing of the results was carried out using the
software package Statistica 13.0 (StatSoft Inc, USA). For quantita-
tive parameters — median, lower and upper quartiles (Me [25q;
75q]) were calculated. A box plot was used to visualise the var-
iability of values in a dataset. Study groups were compared by a
non-parametric test for the distribution of two independent sam-
ples according to the Mann-Whitney U-test. P values were con-
sidered statistically significant at p<0.05 [12-15].

RESULTS AND DISCUSSION

Statistical analysis results indicated that the functional
characteristics of the periodontal microcirculation using various
custom-made fibre optic probe holders used in capillary blood
flow monitoring had significant differences p<0.05. The data dis-
tribution in the studied groups is presented as box plots (Fig.
1-3) [15].

The pronounced left-sided asymmetry observed in the
group | box of the LDF perfusion values boxplot due to a signifi-
cant average value of quartile shift to the lower quartile indicates
that the data sample deviates from the normal distribution and
the tendency towards low values of PM. At the same time, the
symmetrical group Il box of the LDF perfusion values boxplot and
the median were close to the average. The symmetry indicates
that the data distribution in group Il was close to the normal dis-
tribution, signifying more accurate indicators in group Il (Fig. 1)
[14, 15].

According to the results obtained, the value of the median
PM when using a silicone holder in group | was 1.6 times lower
than when using a photopolymer holder in group Il. At the same
time, in group I, 50% of the examined PM ranged from 11.9 to
30.9 perfusion units (PU), and in group Il — in the range from 19.5
to 38.7 PU (Fig. 1) [12, 13]. The distance between the object and
the probe is limited to no more than 1.2 mm; at a greater dis-
tance, the recorded signal becomes weak, leading to lower meas-
urement values [8, 16-18]. The use of a photopolymer holder, un-
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1o nonyyeHHbIM pe3ynsTaTam 3HaveHne meguaHbl [TM npu npu-
MEHEHWUM CUNMKOHOBOTrO NosuupoHepa B | rpynne 6bin0 B 1,6 pasa
HUKeE, YeM NPU MCNoNb30BaHUM GOTONONMMEPHOTO NO3ULMOHEPa BO
Il rpynne. Mpwu atom, B | rpynne y 50% obcneayembix MM Haxoauaca
B AnanasoHe oT 11,9 ao 30,9 nd. ea., a Bo Il rpynne — B AnanasoHe
ot 19,5 no 38,7 nd. ea. (puc.1) [12, 13]. PacctosHMe mexay uccne-
ZlyeMbIM 06BEKTOM U 30HAMPYIOLLLEN YACTbIO CBETOBOAHOTO 30HA AB-
NIAETCA OrPaHMYEHHbIM M JO/MKHO COCTaBNATb He 6onee 1,2 mm, npu
60NbLIMX PACCTOAHUAX PETUCTPUPYEMbIN CUTHAN CTAHOBUTCA CAbbIM,
YTO MOKET NPUBOAUTL K 6oNee HU3KMM NOKA3aTeNaM M3MepeHuii [8,
16-18]. MpumeHeHne GOTONOAMMEPHOTO NO3ULMOHEPA, B OT/INYME OT
CUIMKOHOBOTO, 0becneynBaeT GUKCMPOBAHHOE PACCTOSHUE MEXAy
30HAOM M TKaHbHO 3a CHET NPOrPaMMHONO0 MOLENMPOBAHMA U TOUHON
cTepeonuTorpadu4eckon neyatu.

BblpaxkeHHasa NeBOCTOPOHHAA aCMMMETPUA Tena AWMKa Aua-
rpaMmbl MokKasatena o | rpynnbl U CMeLLeHe meamaHbl OT cpegHero
3HAYEHWA K HUXKHEMY KBapTWUIO CBUAETENbCTBYIOT O HEHOPMAJ/IbHOM
pacnpefeneHnn SaHHbIX B BbIBOPKe 1 TEHAEHUMM K HU3KUM 3HAUYEHU-
AM NoKasatena o. B 1o Bpems, Kak Teno Awmka auarpammei |l rpynnbl
601€e CUMMETPUYHO, M 3HAYEHWE MeAMAHbl MaKCMMabHO NpUbaN-
YKEHO K CpegHeMy 3HaYeHWI0, YTO CBMAETENLCTBYET O pacnpeseneHnn
ZaHHbIX BO |l rpynne 64M3K0 K HOPManbHOMY PacnpeseneHunto, YTo
ABNAETCA NPU3HAKOM D0/1ee TOYHbIX Pe3ynbTaToB UccneaoBaHua Bo I
rpynne (puc. 2) [14, 15].

Mo pe3ynbTaTtam nccnegoBaHuA, 3HaYEHUE MeMaHbl NoKa3aTe-
/18 0 NPV NPUMEHEHMMN CUSIMKOHOBOIO NO3MLMOHepa B | rpynne 6bino
Bblle B 2,3 pasa, Yem Npu NPUMEHEHUN GOTONOSMMEPHOTO NO3ULLM-
oHepa Bo |l rpynne. Mpw 3Tom, B | rpynne o y 50% obcnesyembix Haxo-
AMNcA B AnanasoHe ot 2,4 no 7,9 nd. ea., a o ll rpynne — ot 2,4 1o 2,7
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Puc. 1 /luazpammesl pasmaxa nokazamesns [IM e uccnedyemsix epyn-
nax;

p<0,05 — cmamucmuyeckasa 3Hayumocme pasauyull nokasamened
mewoy epynnamu

(no U-kpumeputro MaHHa-YumHu, npu Uamnup. = 369; Ukpum. = 415;
Uamnup. < Ukpum.)

Fig. 1 Boxplot of LDF perfusion values (perfusion units — PU) in the
studied groups;

p<0.05 - statistically significant differences between the two groups

(according to the Mann-Whitney U-test, with Uemp = 369, Ucrit =
415; Uemp < Ucrit)

like a silicone one, provides a fixed distance between the probe
and the tissue due to computer-aided design and precise stereoli-
thography (SLA) 3D printing.

The pronounced left-sided asymmetry observed in the
group | box of the o index and average value of the quartile shift
to the lower quartile indicate that the data sample deviates from
the normal distribution and the tendency towards low values of
the o index. On the other hand, while group Il box of the boxplot
was more symmetrical than the one of the group I, and the me-
dian was close to the average. This indicates that the data distri-
bution in group Il was close to the normal distribution, signifying
more accurate study results in group Il (Fig. 2) [14, 15].

According to the study results, the value of the median o
index when using a silicone holder in group | was 2.3 times higher
than when using a photopolymer holder in group II. At the same
time, the o index in 50% of the subjects ranged from 2.4 to 7.9
PU and from 2.4 to 2.7 PU in groups | and Il, respectively (Fig. 2)
[12, 13]. Since the o index reflects the average modulation of the
periodontal microcirculation at all frequency ranges, the increase
in the o index is due mainly to more intensive functioning of the
regulatory mechanisms of active control of microcirculation.
However, the increase can also occur due to displacements and
bends of the optical fibre of the LDF device probe affecting the
microcirculation indicators' consistency [8, 16-18]. The use of a
rigid, securely attached to the teeth photopolymer holder, unlike
a soft and unstable silicone one, eliminates the displacement and
bending of the optical fibre during the procedure.

Puc. 2 [luaepammsl pazmaxa nokazamens 8 8 ucciedyemoix epynnax;

p<0,05 — cmamucmuyeckas 3Ha4uMocms pasnuyquli nokazamenel
Memoy epynnamu

(no U-kpumeputo MaHHa-Yumnu, npu Usmnup. = 175,5; Ukpum. =
415; Usmnup. < Ukpum.)

Fig. 2 Boxplot of LDF o index values (perfusion units — PU) in the
studied groups;
p<0.05 — statistically significant differences between the two groups

(according to the Mann-Whitney U-test, with Uemp = 175.5; Ucrit =
415; Uemp < Ucrit)
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no. ea. (puc. 2) [12, 13]. MoCcKONbKY G OTPAXKAET CPEAHIO MOAYNA-
LIMI0 MUKPOKPOBOTOKA NApOA0HTA BO BCEX YACTOTHLIX AMana3oHax, To
NoBbILWEHUE 0 06YCNIOBAEHO NPEUMYLLECTBEHHO D0/1€€ UHTEHCUBHBIM
GYHKLUMOHMPOBAHNEM PEryNATOPHbIX MEXaHUM3MOB aKTUBHOTO KOH-
TPONA MUKPOLMPKyNALMKU. OfHAKO, NOBbILEHME MOXKET NPOUCXOAUTb
1 B pe3ynbTaTe CMeLLEHWI U n3rnboB ONTMYECKOro BOSIOKHA 30HAA Na-
3epHOro aHanu3aTopa KanuANApPHOro KPOBOTOKa BO BpemA Uccaeao-
BaHWA, TaK KaK OHW BAMAIOT Ha NOCTOAHCTBO NOKa3aTesel ToKa KPpoBU
B MUKPOLIMPKYNATOPHOM pycne [8, 16-18]. MMpumeHeHWe KECTKoro,
CTabuUNbHO yaepKMBatoLLerocsa Ha 3ybax, $oTonoMmepHOro nosuuy-
OHepa, B OT/IYME OT MATKOTO U He CTabubHOTO CUIMKOHOBOTO, WC-
KNtOYaeT CMeLLEeHMe U U3rnbbl ONTUYECKOro BOJIOKHa 30HAa BO Bpems
nccnefoBaHuA.

BblpakeHHaA NEBOCTOPOHHAA aCMMMETPUA Tena ALMKa Aua-
rpammbl nokasatena Kv | rpynnbl 1 cMeLleHne meauaHbl OT cpeaHero
3HAYEHMA K HUXKHEMY KBapTWU/IO TaKXe CBUAETENbCTBYIOT O HEHOp-
ManbHOM pacnpeaeneHnn AaHHbIX B | rpynne v TeHAEHLUM K HU3KUM
3HaYeHuAM nokaszatena Kv. HanpotvB, CMMMETPUYHOE TeNo ALLMKA
Anarpammbl nokasatens Kv |l rpynnbl v MakcMManbHO NPUBAnKEHHaAs
K cpeAHeMy 3HaYeHMI0 MefiMaHa CBUAETENbCTBYIOT O pacnpeaeneHnm
JaHHbIX Bo Il rpynne 6a13K0 K HOPManbHOMY, YTO AB/AETCA NPU3HA-
Kom 6onee TOUHbIX pe3ynsTaToB MccieposaHus Bo Il rpynne (puc.3)
[14, 15].

Mo nonyyeHHbIM AaHHbIM 3HaYeHWe MeAuaHbl nokasatena Kv
npy NPUMEHEHUN CUIMKOHOBOTO NO3ULMOHepa B | rpynne Bbiwe B 2,5
pasa, 4em npu NpumeHeHUn GOTONOAMMEPHOrO NnosuumoHepa Bo i
rpynne. Mpu atom, B | rpynne y 50% obcneayembix nokasatens Kv Ha-
XoAuMNncAa B aAnanasoHe ot 14,2 no 34,7%, a 8o Il rpynne — B npesenax ot
3,8 00 12,4% (puc 3) [14, 15]. MockonbKy Kv oTpakaeT Ba3oMOTOPHYO
AKTMBHOCTb COCY/0B, €r0 NOBbILLEHKUE 06YCNOBNEHO NPENUMYLLECTBEH-
HO HanpPAXEHHOCTbIO PYHKLIMOHMPOBAHMA PErynaTopHbIX CUCTEM
MMUKpOCOCYyancToro pycna. OgHako NoBbileHWe NoKasaTena MOXeT
ObITb CBA3AHO M C HAIMYMEM MajleiLLIEero AaBAeHUA Ha UCCnesyeMblit
06bekT npu nposeaeHun AP [8, 16-18]. CUNMKOHOBbIM NO3ULIMOHEP
NJIOTHO KOHTAKTUPYET CO C/IM3UCTOM, OKa3biBaA Ha HE€ HEKOHTPONU-
pyemoe AaB/ieHue, UCKaXan nonyyaemble pesynsratbl. [pumeHeHve
doTononMmepHoro No3nLMOHeEpPa, CNPOeKTUpoBaHHOro metogom CAD,
MO3BO/IAET M30/IMPOBATL MCCaedyemyto 061acTb NapoAoHTa Ha TPExX-
MEPHOM MOZENVM 1 UCKNIOUUTD NtOBOE AaBNEHNE Ha MATKME TKAHM.

3AKNIOMEHUE

MpvmeHeHve GOTONOAMMEPHOTO MO3WLMOHEpa, B OTAWUYME OT
CUNMKOHOBOTO, 0becneynBaeT NOCTOAHHOE PUKCMPOBAHHOE PAcCTo-
fHME MEeXAY TKaHAMM NapOAOHTA M CBETOBbIM 30HAOM, WCK/IHOYAET
CMeLLeH1e CBETOBOZA, A TAKKe YCTPaAHAET faBNeHne Ha TKaHWU napo-
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The pronounced left-sided asymmetry in the group | box
of coefficient of variation (Kv) boxplot and the average value of
quartile shift to the lower quartile also indicate an abnormal dis-
tribution of data in group | and a tendency to low values of the
Kv. On the contrary, the symmetrical group Il box of the diagram
of coefficient of variation (Kv) boxplot and the median were close
to the average. The symmetry indicates that the data distribution
in group Il was close to the normal distribution, signifying more
accurate research results in group Il (Fig. 3) [14, 15].

According to the data obtained, the value of the median of
the Kv when using a silicone holder in group | is 2.5 times high-
er than when using a photopolymer holder in group II. In 50%
of the examined, the Kv ranged from 14.2 to 34.7%, and 3.8 to
12.4% in groups | and Il, respectively (Fig. 3) [14, 15]. Since the
Kv reflects the vasomotor activity of blood vessels, its increase
is mainly due to the functional activity of the microcirculation
modulation mechanisms. However, the Kv increase can also be
associated with even the slightest pressure on the object during
LDF [8, 16-18]. The silicone holder is in close contact with the
gingival mucosa, exerting uncontrolled pressure on it, distorting
the results. The use of a computer-aided-designed photopolymer
holder makes it possible to determine the examined area of the
periodontium on a three-dimensional model and eliminate any
pressure on soft tissues.

CONCLUSION

The use of a photopolymer probe holder, unlike a silicone
one, provides a constant fixed distance between the periodon-
tal tissues and the LDF probe, prevents movement or probe dis-
placement, and makes it possible to avoid pressure on the gingi-
val tissue, ensuring high accuracy of laser diagnostics. In addition,
custom-made computer-aided-designed photopolymer probe
holders open up new opportunities for accurate assessment of
the state of periodontal microcirculation. Therefore, it has the
potential for further improving the accuracy of diagnosing perio-
dontal diseases and standardising the procedure.

Puc. 3 [luazpammsl pasmaxa nokazamesns Kv e uccriedyemoix epynnax;

p<0,05 — cmamucmuyeckas 3Ha4uMocms pasauyuli nokasamenel
Mexdy epynnamu

(no U-kpumeputo MaHHa-YumHu, npu Usmnup. = 72; Ukpum. = 415;
Usmnup. < Ukpum.)

Fig. 3 Boxplot of LDF Kv values (%) in the studied groups;
p<0.05 — statistically significant differences between the two groups

(according to the Mann-Whitney U-test, with Uemp = 72; Ucrit = 415;
Uemp < Ucrit)
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[IOHTa BO BPeMA MUCCAef0BaHMA, YTo obecneynBaeT BbICOKYIO Npeuu-
3MOHHOCTb /IA3€PHOMN AMATHOCTUKM. MpUMEHEHWE UHANBUAYANbHbIX
¢$OTONOIMMEPHBIX MO3MLMOHEPOB, CMNPOEKTUPOBAHHBIX METOAOM
KOMMbIOTEPHOMO MOAEMPOBAHUA U U3TOTOB/IEHHBIX C MPUMEHEHNEM
cTepeonuTorpadum, OTKPbIBAET HOBble BO3MOMHOCTM AN AMArHo-
CTMKM MUKPOLWMPKYIALMM NAPOAOHTA, YTO MO3BONUT B Ad/IbHEMLLEM
MOBbICUTb TOYHOCTb ANATHOCTMKM 601e3Hel NAapoAOHTa M CTaHAAPTH-
311POBaTb METOAMKY.
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