ISSN 0868-5886

VIIK 681.787.7:616.314

PASPABOTKA NINPUBOPOB U CUCTEM

HAYYHOE IIPUEOPOCTPOEHUE, 2021, mom 31, Ne 3, c. 1624

© T. A. Yepnsk, 0. M. Bopoasinckuii, E. A. Ilerposa,
E. E. Maiiopos, E. B. ITonnosa, M. B. XoxJioBa, 2021

INPUMEHEHUE ABTOMATU3UNPOBAHHOI'O
ONTUKO-MEXAHUYECKOI'O YCTPOWCTBA

JJIAA TOMOI'PAOUYECKOI'O UCCIIEJOBAHUSA AECHBI
MOJ BO3JEMCTBUEM BHEIIHUX ATEHTOB

IIpencraBneHHass paboTa IOCBSIIEHA HCIIONB30BAaHHIO  Pa3pa0OTaHHOI'O  aBTOMATH3UPOBAHHOTO  OITHKO-
MEXaHHYECKOTO yCTPOWCTBA ISl TOMOTPA()MUECKUX HCCIIEAOBAHUI JIECHBI, 00pabOTaHHOW Pa3IMYHBIMU 3yOHBIMU
TacTaMH JUIs AeceH. VI3MepeHbl ONTHYECKHE MapaMeTphl 1o TIIyOnHe JAEeCHBI MPU BO3IEHCTBUU U 03 BO3AEHCTBUS
BHEIITHUX areHTOB. BrinmonHeHHas paboTa sBIsETCS aKTyajdbHOM, T.K. JaHHAs 3a/ada MMPeJCTaBIIsieT OrPOMHBIA UH-
Tepec Uil TEpaneBTUYECKOW CTOMATOJIOTMH. B cTarhe IOKa3aHbl CXeMa aBTOMAaTH3MPOBAHHOTO OMNTHKO-
MEXaHMYECKOTO YCTPOMCTBA U ero paboTa, a TakKe IMPHUBECHbI TEXHUUECKHE XapaKTePUCTHKH ycTpoiicTBa. Onpe-
JieNieHbl 00BEKThI UCCIICJOBAHMS M MOJY4EHbI JaHHbIEC pacrpeeneHnii koddduiuenta oTpakeHus OT MOANOBEPX-
HOCTHBIX clioes (r1yOuna 0.5 mMM). [IpoaHanu3npoBaH yyacToK BepXHeil o6macTu aecHs! miomanbio (1x1) em” mo-

cie 00paboTKK macTaMu I AeceH depe3 15 muHyT Ha mymHe BOTHEI 0.83 MKM.

K. cn.: onTHKO-MEXaHUYECKOE YCTPOUCTBO, HHTEpdepoMeTp MalikeabcoHa, JJTUHA BOJHBI, HU3KOKOTCPECHTHOE
u3JIyYeHHe, necHa, 3yOHas nacTa JJisl IeCeH, TeparneBTHYeCKasi CTOMaTOJIOTHs

BBEJEHUE

[IpumeHeHne BBICOKOTOYHBIX ONTHYECKHX TIPH-
OopoB M cucTeM M MOJNyYEHHS JIOCTOBEPHBIX
JAHHBIX O TOMOTpaMUeCKHX Mapamerpax OCTaeTcs
Ba)XHOH 3amauedt menuuunsl [1]. s pemeHust 3toit
33241 CYUIECTBYIOT pa3jMYHbIE ONTHYECKUE METOMbI
W CpeNCTBa, TaKWe KaK ONTHYecKas KOTepeHTHas
ToMOrpadusi, MHUKPOCKOIIBI, pePpaKkTOMETPHI, CcIie-
AaTN3MPOBaHHBIC  JIa3epHBIE  yCTaHOBKH  [2].
CoBpeMEHHBIE OINTHYECKHE METOAbl M CpEJCTBa
u3MepeHuii ToMorpaduiyeckux mapaMeTpoB u padbota
COOTBETCTBYIOIIMX NPHOOPOB M CHUCTEM OCHOBAHBI
Ha aHajlu3e CBETOBOTO H3YUYEHHs, OTPaKEHHOTO
OT KOHTPOJIMPYEMOH 00s1acT. AHAIN3 IUTEPATYPHBIX
JaHHBIX TIOKa3al, 4TO HauOoyiee NEePCIEKTUBHBIMU
B O3TOM KJlacce NpHOOpOB SBISAIOTCS uWHTepde-
poMeTpHuecKie MpuOOpbl, padoTalomue B HHU3KO-
KOT€pEHTHOM CBeTe. Hannoe HaIpaBJeHHEe
B MEAMIMHCKOM TEXHUKE OTHOCUTEIHLHO HOBOE U OYp-
HO pasBuBaeTcs B mocienuaue roabl [3]. IIpubGopsr
U CHCTEMBl YKa3aHHOTO THIIA HUMEKOT  psf
MPEUMYILECTB 10 CPAaBHEHHIO C aHAJIOTHYHBIMU
YCTPOHCTBAMH TI'€OMETPUYECKOM ONTHKH, a MUMEHHO:
TOYHOCTb, IMANa30H U3MEPEHHH, a TAKXKE PACCTOSIHHE
JI0 KOHTPOJHPYEMOH MOBEPXHOCTH HE 3aBUCHT OT
anepTypHBIX YIJIOB OCBEUIeHHWS W HaOmoneHus [4].
OTH TpUOOPHI U CUCTEMBI 1O TOYHOCTH H3MEpPEHHI
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CpPaBHUMBI C YCTPOMCTBAMHU I'€OMETPUUYECKON ONTHKH,
a B HEKOTOPBIX OOJIACTAX W TMPEBOCXOIAT WX,
MaJorabapuTHBI,  YAOBJIETBOPSIIOT  TpeOOBaHHSIM
MIPOM3BOACTBEHHOTO KOHTPOJS, MPOCTHI B 3KCILIya-
Tanuu [5].

[ToaToMy MOXET mpeacTaBisATh MHTEpPEC pa3pado-
TaHHOE aBTOMATHU3UPOBAHHOE ONTHKO-MEXaHUYECKOE
YCTPOMCTBO, B COCTaB KOTOPOTO BXOAMT HCTOYHHUK
M3IIy4YEHHSI C HU3KOKOT€PEHTHBIM CBETOM.

Lenbto paboThl sBiIsIETCS NpPUMEHEHUE pas3pabo-
TaHHOT'O  ABTOMATHU3UPOBAHHOTIO  ONTUKO-MEXaHH-
YEeCKOT0 yCTpOMCTBa IUIA MU3MEpPEHHs ToMorpaduue-
CKHX TIapaMeTpPOB JIECHBI M BO3JIEHCTBYIOIINX Ha HEe
BHEIIIHUX arcHTOB.

IIOCTAHOBKA 3ATAYHN

BaxxapiM sBIISIETCS B MPAKTUYIECKOM NPUMEHEHUN
UHTEPPEPOMETPUM B  HHU3KOKOT€PEHTHOM  CBETE
(nmuHa KorepeHTHOCTH 30 MKM) A TepareBTHYe-
CKOM CTOMATOJIOTHH, KOTOPAsi UCIONb3YET Pa3IudHbIe
OTE€YECTBEHHbIE M 3apyOekHble 3yOHBIE MAacTHl,
MOJIy4YEHUE ONTUYECKUX MapaMeTpoB IO JIaHHBIM
oObekTam wuccienoanus [6—11]. OcHOBHBIME TIO-
CTaBIIMKAaMHU 3yOHBIX IMACT Ha OT€YECTBEHHBIH PHIHOK
SBIAOTCS KoMnaHuu Wranuu, ['epmanuu, Benuxo-
Oputanun. JlaHHBIE KOMITAHWH PEKOMEHIYIOT CBOH
MNPOIYKT MO XUMHUYECKOMY cOCTaBy BemlectBa. Or-



[IPUMEHEHUE ABTOMATU3UPOBAHHOI'O OIITUKO-MEXAHHMYECKOI'O YCTPOMCTBA 17

POMHBIN HMHTEpEC NPEIACTABISAET IONYyYECHHUE ONTHYE- I9KCIIEPUMEHTAJIBHOE

CKHX MapaMeTPOB MPU TOMOTPahHUISCKUX HCCIET0Ba- ONTUKO-MEXAHMYECKOE YCTPOUCTBO
HUSIX IpPEACTaBICHHBIX OOpa3LoB. A 3TO O3HAYaeT,

YTO TIpeACTaBICHHAs pa3paboTKa MOXKET MpeJCcTaB- Jlist pOBE/ICHUSI SKCIIEPUMEHTAIBHBIX HUCCIIE/I0-
NATh MHTEPEC I MEIHUIMHBI, B YaCTHOCTH TepaneB- BaHWH Obula paspaboTaHa yCTaHOBKA, CXeMa KOTOPOH
THUYECKON CTOMATOJIOTUH. npejcTaBieHa Ha puc. 1.
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Puc. 1. Cxema aBTOMaTU3UPOBAHHON OMTUKO-MEXaHUYECKON YCTAaHOBKH.
1, 15 — cymepntoMHHECIIEHTHBIC JUOJBI, 2 — MUKPOOOBEKTHB; 3, 8§ —
cBeroaenuTeny; 4 — uccnenyemMblid ononorunueckuii o0wekT; 5, 7, 9, 10,
11 — 3epxamna; 6, 14, 16 — doronpuemnankm; 12 — moxymsarop; 13 —
I paKIrOHHBIE pemeTky; 17 — maTdauk ckopocT; 18 — Omox »mek-
TpOHHOM 00paboTku curnanos; PC — koMmbroTep
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CxeMa MoOCTpoeHa Ha OCHOBE HHTepdepomerpa
MalikenbcoHa, B KOTOPBIA BMECTO OJHOIO U3 3€pKail
MIOMEILIEH UCCIIEAYEeMbIi 00BEKT.

B kauecTBe MCTOYHMKA M3ITyYEHHUS HCIOJIb3YyETCS
CYyNEepIIOMHHECIICHTHBIN quon 1 ¢ JIMHON BOJHBI A =
=0.83 mkMm, anuHOH KorepeHTHOcTH [ = 30 MKM,
MOIIHOCTRI0 m3MydeHus 3 MBT. MUKpoOOBEKTHB 2
(10%, f=15.5 MM, A = 0.3) dokycupyeT U3IyueHHE
UCTOYHMKA Ha KOHTPOJHPYEMYIO  ITOBEPXHOCTh
o0bexTa 4 o yriaoM f U Ha ONOPHYIO TTOBEPXHOCTh
(3epkano 9).

B mpornecce u3mepeHnii NpoU3BOANTCS MOLY JISLIHS
onTuueckor paszHoctu xoma (O;M — O;N) 3a cuer
CKaHMpOBaHUs oropHoro 3epkana 9 (O;M). [locnen-
Hee KpEemuTCs Ha MPYKUHHOM MapaisiesorpaMMHOM
MeXaHU3Me, KoJieOaHus KOTOPOTO BO30YKIArOTCS
ANEKTPOMAarHUTHBIM ~ MoayJsitopoM 12.  MoMeHT
pPaBEHCTBA ONTHYECKUX JJIMH IUIeY MHTEepdepoMeTpa
O:M u O;N COOTBETCTBYET MakCUMyMy KOHTpacTa
MHTEePPEPEHUMOHHOTO TONS U, COOTBETCTBEHHO, —
MaKCUMyMy CHTHasa (OoTOIpreMHHKa ©.

[Ipu ckanupoBaHuu 3epkana 9 U3MEHEHHUE ONTHYE-
CKOMl JUIMHBI OIOPHOTO Tuleda WHTEpdepomeTpa
ompezessieTcs ¢ MOMOIIBI0 Haphl ToyorpaduuecKux
JUQPaKIUOHHBIX pEHIeToK 13, oJHa U3 KOTOPBIX
HETIO/IBHXKHA, ApYras — JKECTKO CBs3aHa CO CKaHU-
pyromum 3epkasiom 9. Hampasienue B3aUMHOTO
CMEIIEeHUsI JTU(PPAKIMOHHBIX pEIMIETOK Ha CXeMme
o0o3naveno crpenkoii. lllar pemerok paBen 1.5 MKM.
Pemrerkn ocBemaroTcss HMCTOYHUKOM 15, curHan
peructpupyercs GOTONPHUEMHUKOM 16.

Hauano otcuera ompenensiercs ¢ MOMOIIBIO BTO-
poro uarepdepomerpa MaiikenbcoHa, 00pa30BaHHOTO
cBeTozenuTeneM 8, 3epkanoM 10 u obmmM JJist ABYX
nHTEp(HEpPOMETPOB  CKaHWUPYIONIMM  3epkasom 9.
Hauvano orcuera COOTBETCTBYET MaKCUMyMy CHTHaja
dboTtonpuemunka 14, KOTOpBI HaOIIOMAETCS B MO-
MEHT paBeHcTBa anuH mied O,L u O,M. OToT curnan
SIBJIIETCS] OTIOPHBIM: OTHOCHUTEIBHO HETO OTCUHTHIBA-
eTcs BPEMEHHOE IOJIOKEHHE MakcuMyMma HH(OpMma-
IIMOHHOTO CUTHAJIAa OTONPUEMHHKA 6.

s Toro 4toObl o0ecrneuuTh MOCTOSIHCTBO AWA-
MeTpa MsITHA Ha HccileqyeMol 001acTH B yCTPOMCTBE,
MPOCTPAHCTBEHHOE TIOJIOKEHNE HCTOYHHKA | MOIy-
JUPOBAJIOCH BO BPEMEHU BJOJIb OCH H3Iy4YEeHHUS
C YaCTOTOM CKaHWPOBaHWS OMOPHOTO 3epkaina 9. [Ipu
3TOM TpeboBaHHE (OKYCHPOBKH H3IIyYCHHS BBIIOJ-
HSJIOCH TIPH COOTHOIIEHUHM aMIUIMTYJ CKaHUPOBAHHS
HCTOYHMKA U omnopHoro 3epkaia 1 : 60. OcHoBaHuEM
JUIA  OINpPENENIEHUs] 3TOr0 COOTHOIIEHMS SABISUINCH
paccrosHue a0 wucciexyemoir obmactu (120 mwm)
u poxycHoe paccTosiHre MUKpooObekTHBa 2 (15.5 Mm).

JlaHHO€ YCTpOMCTBO MO3BOJISIET HU3MEPATH pac-
CTOSIHHE 10 00BEKTa, KOTOPOE OTCUUTHIBACTCS OT He-
KOTOpOil ©a30BOM TIUIOCKOCTH, COOTBETCTBYIOLICH
BPEMEHHOMY IIOJIO)KEHHIO MaKCUMyMa OIIOpPHOTO
curHana ¢oronpueMHuka 14. Mckomas uadopmarms

Puc. 2. BHemnuii BHJ aBTOMaTH3MPOBAHHON ONTHKO-
MEXaHUYECKOU YCTaHOBKU

COZIEPKUTCS BO BPEMEHHOM HWHTEpBaje MEXAY Mak-
CUMyMaMH{ CHTHAJOB (OTONpPUEMHHKOB 6 u 14.
VYKa3aHHBIM BPEMEHHON MHTEPBAJ HAXOMUTCS IIyTEM
MOJCUEeTa UMILYJIbCOB (OTOIPUEMHHKA 16 mpH cKaHU-
poBaHNH AU(PAKIIMOHHBIX pemeToK 13.

Jua monmyyennss MckoMod WH(pOpPManuu O TOMO-
rpaguuecKuX MmapaMeTpax CUrHaIbl (POTONPHEMHHUKOB
6, 14 u 16 moaBepraroTCsi aHAIOTOBOM M LU(POBOIt
o0OpaboTKam.

W3smepennst TpOBOAMINCH TPU  CIEAYIOLINX
TEXHUYECKUX XapaKTEPUCTUKAX YCTPOMCTRA.

ITorpentHocTb U3MEPEHUN:
0, =(0.03-0.1) [, — oy § = (0-30°),
0. =(0.3-0.8) [, — s 0 = (45-60°);
JMana3oH U3MEPEHHH
penbeda noBepxHocTH — 0—4 MM;

— 46 1/c;

4acTOTa U3MEPEHUN

CpEIHEE PACCTOSIHHE
OT OIITHYECKOU TOJOBKH 10 00bekTa — 120 MM.

OBBEKTHBI UCCJIEJOBAHUA

HccnenoBanucek BepxHue 00JacTy 1eCeH YeloBeKa
cpeaHed Bo3pacTHOW rpymmbl (25-45 net). U3mepe-
HUSI TTPOBOJAWIINCH HA ABAANATH TMAIMEHTAaX In Vivo.
JecHsl o0pabarpiBanuch 3yOHBIMM TacTaMH  JJIst
nmecer  LACALUT, PRESIDENT, PARODONTAX
u [Taponenrouu.

BHemnue areHTtsl uccinemoBaHus ObuIM IpHOOpe-
TeHsbl B ceTh antek "O3epku” r. Cankr-IlerepOypr.
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SKCHHEPUMEHTAJIBHBIE PE3YJIBTATHI

Hccnenyemble o0pasipl BHEIIHUX areHTOB IPH
B3aMMOJICHCTBUU C JIECHOW IMO3BOJSIOT YCTPAaHUTh
0O0JIE3HEHHOCTh M KPOBOTOYHMBOCTH JeceH. Kak mpa-
BWJIO, 3yOHBIE TACTBl IS JIECEH COJEp)KaT JIaKTat
ATIOMUHHSA, JIAKTaT IIMHKA, a TaKKe AaHTHCENTHK
xnoprekcuaua  (0.05-0.25), ™MuHEpanbHBIE COJIH,
ayuIoTOMH, 0MCcaboI0, TUMOJ, IBIeHOJ, (EHUICATN-
LUHAT, SKCTPAKTHI JICKAPCTBEHHBIX PACTCHUU.

B pabote m3mepsnch KO3QGHUIMEHTH OTPasKEHUS
nmo rinyOuHe uccienyeMoit obnactu (Tomorpadude-
CKHU{ TMapaMeTp) Ha ONTHKO-MEXaHHYECKOM YCTpOM-
CTBE, MNpPEACTABICHHOM Ha puc. 1. BHemHuil Bupg
yCTpoiicTBa IOKa3aH Ha puc. 2.

AHaNM3UPOBAUCH YIaCTKU BEpXHEH 00JIacTH aec-
HBl pasmMepoM 1x1 cMm u mo rirybune 0.5 MM mocie
00paOOTKM BHEUTHMMH areHTamu dYepe3 15 wuH.
W3Mmepenns Benuch MO HOpPMalu K HCCIeTyeMOH
obnactu. Ha puc. 3 mpeacraBieHsl pe3yabTaThl H3Me-
PEHMIA IPH BO3ACHCTBUY U O€3 BO3JICHCTBHS BHEITHUX
areHTOB Ha KOHTPOJIMPYEMBIH y4acToK Ouojormye-
CKOTO O0BEKTA.

YCTpoHCTBO (yHKIIMOHMPOBAIO B PEXKUME CKaHU-
pOBaHUs, T.€. IPU MOAYJISIMHA PA3HOCTH XOJla HHTEP-
(hepupyromux ay4eil ObLUTH MOTYYCHBI pacIpe/IeIICHUs
aMIUTATY]T OTPAXEHHBIX CHTHAJIOB IO TITyOWHE mccie-
JlyeMoro marepuaia. PeructpupoBainch aMIUIUTYIbI
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MHTEPPEPEHUMOHHBIX CUTHAJIOB IPONOPLUOHAIBEHO
KO3 GUIMEHTaM OTPaXKCHUS HEPACCESIHHOM KOMIIO-
HEHTBI OT ONTHYECKON HEOTHOPOIHOCTH, IOJI0KEHUE
KOTOpPOH ONpEeAeNsyioch pPaBeHCTBOM JUIMH  IUIeY
uHTEpdepoMeTpa.

Ha puc. 3 mokaszano pacnpeaenenue ko3¢ uimeH-
Ta OTpaXeHHsA MO TIyOWHE HCCIeAyeMoro OO0BEeKTa
0e3 B3auMoJIeiicTBUS ¢ 3yOHBIMU macTaMu (Kpusast 1).

[Tomyuensl pe3ynbTaTshl IMOCIE B3aUMOJAEHUCTBUS
3yono# mactel LACALUT c¢ necHoO# u BBISBIEHO, YTO
Ha riyoune 0.5 MM KO3(QQHIMEHT OTpa)keHUS UMEI
HauOounpliee 3HAaYeHHe (KpwBas 2) y TAIUEHTOB
cpeaHeld BO3pacTHOW TIpYyIIBl Ha JJIMHE CBETOBOM
BoimHBl A = 0.83 mxwm. Ilo-BHamMoOMy, 3TO CBSI3aHO
C HaJIMYMEeM B 3ToH 3yOHOH macTe KOMIIOHEHTa
JlaKkTaTa aJlOMHUHUSA, KOTOPbIA BHOCHUT OCHOBHOM
BKJIaJ] B HEPACCESHHYIO OTPaXKAIOIIy0 KOMITOHEHTY .

[Ipu uccnenoBaHuM JAECHBI, 00pabOTaHHON 3yOHOI
nactoii  PRESIDENT, xosddunment otpaxkeHus
Ha TOH Xe IIyOMHEe MMeN MEHbIlee 3HaueHHe, YeM
y mpeapiaymiei oOpaborkum 3yOHON mactoit LACA-
LUT (xpuBas 3). Bunumo, 3T0 CBSI3aHO C H3MEHEHUEM
CTPYKTYpPHBIX CBOWCTB TKaHEH JEeCHBI TIocie 00paboT-
KM JaHHBIM areHTOM. MOXKHO MpenoIoKUTh, YTO
JAKTaT [WHKA B CTPYKType OHOJOTMYECKON TKaHH
WMEET MEHBIIE OTPAXKAMIIYI CIIOCOOHOCTh, YeM
JIaKTaT aJFOMUHUSL.
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Puc. 3. Pacnipenenenne koaddummenta orpaxkeHus R 1o riryOuHe J1eCHBI.
1 — mpu OTCYTCTBHUUM BHEIIHUX areHToB; npu ux Hamuuun: 2— LACALUT, 3 — PRESIDENT,

4 — PARODONTAX, 5 — IlapogeHtouun
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VYcTaHOBIIEHO, YTO TIPU BO3JEHCTBUM 3yOHOH mac-
Tl PARODONTAX Ha AgecHy NMK KpUBOU pacrpee-
JIeHUs1 KOO QHUIMEHTA OTPaKEHHS TI0 IIIyOMHE HHXKE
JIByX TpeAplAyluX areHToB (kpuBas 4). Ota macrta
UMEET B CBOEM COCTaBE MPEHMYILECTBEHHO pacTH-
TEJIbHBIE KOMITOHEHTHI, KOTOPhIE PacTBOPSUIUCH B TKa-
HSIX JIECHBI, NMPAKTUYECKU HE Y4YacTBYs B OTpaKaro-
1€ COCTaBIIAOIIEH U3ITyUEHUS.

ITocne ob6pabotku necHsl [lapononTonunom u3iy-
YeHHWEe Ha HCCIelyeMol TNyOMHe NpPaKTUYECKH He
o0namano OTpakalrolmMMH CBOWHCTBaMH (KpuBas 5).
BuaumMo, 3T0 CBSI3aHO C OTCYTCTBHEM JIaKTaTa ajro-
MUHHS ¥ IMHKA B BEIICCTBE.

[MogBoas uTOr HMCCieAOBaHUSAM, HEOOXOAUMO OT-
METHTh, YTO B aBTOPHTETHBIX HAYYHBIX )KypHAJIAX MO
CTOMATOJIOTUHM OBUT BBISIBIICH PEUTHHI IpeACTaBIICH-
HBIX 3yOHBIX macT ajst aeceH. [lo MHEHUIO cTOMaro-
soro, uMeHHO LACALUT u PRESIDENT sBasrorcst
Oomnee > (exTUBHBIMH CpeAcTBaMHU sl  OOpHOBI
c OOIIe3HEHHOCTHI0O M KPOBOTOYMBOCTHIO JIECEH.
CBsA3aHO 3TO C HaAJMYMEM B JaHHBIX CpPEACTBaX
JaKTaTa AOMUHHS W JIaKTaTa IMHKa. B mpuBeseH-
HBIX HCCJIEIOBaHUIX Ha pPHUC. 3 BUAHO, 4TO KO3 du-
UCHTBl OTPaXCHUS JAHHBIX BHEUIHUX arcHTOB
Ha ITyOrHe JIeCHbI MPEBBIIIAIOT 3HaYeHUs K03 duiu-
entoB oTpaxeHuss PARODONTAX wu IlapogonTtoru-
na. TTosroMy B JanbHEHININX HCCIIEJOBAHUSAX H IPH
W3TOTOBJIEHUM CTOMATOJIOTHYECKHX CpPEACTB  UIS
JleceH HeoO0XOJMMO YYHTHIBATH HE TOJBKO XHMHYE-
CKHi1 cocTaB, HO M ONTHYECKHE CBOICTBA MaTepuaa.

3AK/IIOYEHUE

VYkazanHas (QyHKIIMOHAIHHAS BO3MOXKHOCTH aBTO-
MaTU3HPOBAHHOTO ONTHUKO-MEXaHUYECKOTO YCTPOUCT-
Ba MOXKET OBITh MCIOJIb30BaHA JIJISl U3YUYCHUS U3MCHE-
HUS ONTHYECKHMX CBOMCTB Ha pa3HBIX TIIIyOMHAX
JICCHBI, a TAK)KE CIIM3UCTBIX OUOJIOTHUECKUX 00BEKTOB
B POTOBOM MOJIOCTU B JMHAMHUKE TOJ BO3JEHCTBUEM
pa3nuuHbBIX areHToB. llpencraBieHHas pa3paboTka
MOXXET MPUMEHATHCS ISl JUArHOCTHKK (oOHapyke-
HUS1) PAKOBOY OITyXOJIM HA paHHEH CTa/Iuu.

Hannas paborta mpeacTaBisieT HHTEPEC IS ONTH-
YeCKOro NMpUOOPOCTPOCHUS W MEAWIIMHBI, B YaCTHO-
CTH, CTOMAaTOJIOTHH TEPATIeBTUICCKOM.
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The work highlights the use of the developed automated optical-mechanical device for tomographic studies
of the gums treated with special types of toothpastes. The optical parameters of the gum depth were measured
under and without the influence of external agents. This task is relevant and important for therapeutic dentistry.
The paper reveals the scheme of an automated opto-mechanical device and its operation, as well as the technical
characteristics of the device. The objects of the study were determined and data on the distribution of the reflec-
tion coefficient from the subsurface layers (depth 0.5 mm) were obtained. A section of the upper gum area with
an area of (1x1) cm” after treatment with gum pastes in 15 minutes at a wavelength of 0.83 microns was ana-
lyzed.

Keywords: opto-mechanical device, Michelson interferometer, wave length, low-coherence radiation, gum, gum paste,
therapeutic dentistry

INTRODUCTION and the operation of corresponding instruments and

systems are based on the analysis of light emission

The use of high-precision optical devices and sys- reflected from the controlled area. Analysis of litera-
tems for obtaining reliable data on tomographic ture data has showed that the most promising in this
parameters remains an important task of health care class of devices are interferometric devices operating
[1]. To solve this problem, various optical methods in low-coherence light. This direction in medical
and means, such as optical coherence tomography, technology is relatively new and has been rapidly
microscopes, refractometers, specialized laser installa- ~ developing in recent years [3]. Devices and systems of
tions [2] are available. Modern optical methods and  this type have a number of advantages over similar
instruments for measuring tomographic parameters devices of geometric optics, namely: accuracy,
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measurement range, and distance to the controlled
surface do not depend on the aperture angles of
illumination and observation [4]. In terms of mea-
surement accuracy, these instruments and systems are
comparable to geometrical optics devices, and in some
terms even surpass them, also they are small and meet
the requirements of production control, and are easy
to operate [5].

Therefore, the developed automated optical-
mechanical device, which includes an emission source
with low-coherence light, may be of interest to health
care and personal care product developers.

The aim of the work is to use the developed auto-
mated optical-mechanical device for measuring the
tomographic parameters of the gums and external
agents acting on it.

FORMULATION OF THE PROBLEM

It is important in the practical application of inter-
ferometry in low-coherence light (coherence length 30
um) for therapeutic dentistry, which uses various
domestic and foreign toothpastes, to obtain optical
parameters of these objects of study [6-11]. The main
suppliers of toothpastes to the domestic market are
companies from Italy, Germany and Great Britain.
These companies recommend their product for the
chemical composition of the substance. Obtaining
optical parameters during tomographic studies of the
presented samples is of great interest. This means that
the presented project may be of interest for health care
and personal care product researchers, in particular in
therapeutic dentistry.

EXPERIMENTAL OPTICAL-MECHANICAL
DEVICE

To carry out experimental research, a setup was
designed, the diagram of which is shown in Fig. 1.

Fig. 1. Diagram of an automated optical-mechanical
installation.

1, 15 — superluminescent diodes; 2 — microlens; 3,
8 — beam splitters; 4 — investigated biological object; 5,
7,9, 10, 11 — mirrors; 6, 14, 16 — photodetectors; 12 —
modulator; 13 — diffraction gratings; 17 — speed detector;
18 — block for electronic signal processing; PC — com-
puter

Fig. 2. External view of the automated optical-
mechanical installation

The scheme is based on a Michelson interferome-
ter, in which the object under study is placed instead
of one of the mirrors.

A superluminescent diode 1 with a wavelength A =
=0.83 um, a coherence length /c = 30 um, and an

emission power of 3 mW is used as an emission
source. Microlens 2 (10x, f = 15.5 mm, A = 0.3)
focuses the source emission onto the controlled
surface of the object 4 and onto the reference surface
(mirror 9).

In the course of measurements, the optical path
difference (O;M — O;N) is modulated by scanning
reference mirror 9 (O;M). It is mounted on a spring
parallelogram mechanism, the oscillations of which
are excited by electromagnetic modulator 12. The
moment of equality of the optical lengths of the
interferometer arms O;M and O;N corresponds to the
maximum contrast of the interference field and,
accordingly, to the maximum of photodetector 6
signal.

When scanning mirror 9, the change in the optical
length of the reference arm of the interferometer is
determined using pair of holographic diffraction
gratings 13, one of which is stationary, the other is
rigidly connected to scanning mirror 9. The direction
of the mutual displacement of the diffraction gratings
in the diagram is indicated by an arrow. The grating
spacing is 1.5 um. The gratings are illuminated by
source 15, the signal is recorded by photodetector 16.

The reference point is determined using the second
Michelson interferometer formed by beam splitter 8,
mirror 10 and scanning mirror 9, which is common to
two interferometers. The reference point corresponds
to the maximum signal of photodetector 14, which is
observed at the moment when the arm lengths O,L
and O,M are equal. This signal is a reference: the time
position of the maximum of the information signal of
photodetector 6 is counted relative to it.

In order to ensure the constancy of the spot diame-
ter on the investigated area in the device, the spatial
position of source 1 was modulated in time along the
emission axis with the scanning frequency of refer-
ence mirror 9. In this case, the requirement of emis-
sion focusing was to be fulfilled at the ratio of the
scanning amplitudes of the source and the reference
mirror 1:60. The basis for defining this ratio was the
distance to the investigated area (120 mm) and the
focal length of the microlens 2 (15.5 mm).

This device allows to measure the distance to the
object from a base plane that corresponds to a time
position of the maximum of the reference signal of
photodetector 14. The required information is con-
tained in the time interval between the maxima of the
signals of photodetectors 6 and 14. The specified time
interval is found by counting the pulses of photodetec-
tor 16 when scanning diffraction grating 13.

To obtain the required information about the to-
mographic parameters, the signals of photodetectors 6,
14 and 16 are subjected to analog and digital
processing.

The measurements were carried out with the fol-
lowing device specifications:

HAVYYHOE ITPUBOPOCTPOEHMUE, 2021, Tom 31, Ne 3



[IPUMEHEHUE ABTOMATU3UPOBAHHOI'O OIITUKO-MEXAHUYECKOI'O YCTPOMCTBA 23

measurement error:
0. =(0.03-0.1) [, — for = (0-30°),
o, =(0.3-0.8) [, — for 6 = (45-60°);
(6 — surface lighting angle)

measuring range
surface relief — 0—4 mm;

measurement frequency — 461/s;

average distance
from the optical head to the object — 120 mm.

OBJECTS OF STUDY

The upper areas of the human gums of the middle
age group (25-45 years old) were examined. Mea-
surements were carried out on twenty patients in vivo.
Gums were treated with LACALUT, PRESIDENT,
PARODONTAX and Parodentocide gum toothpastes.

External research agents were purchased from the
Ozerki pharmacy chain in St. Petersburg.

EXPERIMENTAL RESULTS

The studied samples of external agents interacting
with the gums allow to eliminate the soreness and
bleeding of the gums. As a rule, gum toothpastes
contain aluminum lactate, zinc lactate, as well as the
antiseptic chlorhexidine (0.05-0.25), mineral salts,
allotoin, bisabolol, thymol, eugenol, phenyl salicinate,
and herbal extracts.

In this work, the reflection coefficients were meas-
ured over the depth of the investigated area (tomo-
graphic parameter) on the optical-mechanical device
shown in Fig. 1. The appearance of device is shown in
Fig. 2.

Areas of the upper gingival area 1x1 cm in size
and 0.5 mm in depth were analyzed in 15 min after
treatment with external agents. The measurements
were carried out along the normal to the area under
study. Fig. 3 shows the results of measurements with
and without exposure to external agents on the con-
trolled area of the biological object.

The device was operating in a scan mode, i.e. by
modulating the path difference of the interfering
beams, the distributions of the amplitudes of the
reflected signals over the depth of the material under
study were obtained. The amplitudes of the interfe-
rence signals were recorded in proportion to the
reflection coefficients of the unscattered component
from the optical inhomogeneity, the position of which
was determined by the equality of the lengths of the
interferometer arms.

Fig. 3 shows the distribution of the reflection coef-
ficient over the depth of the object under study with-
out interaction with toothpastes (curve 1).
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The results were obtained after the interaction of
LACALUT toothpaste with the gum and it was found
that at a depth of 0.5 mm, the reflection coefficient
had the highest value (curve 2) in patients of the
middle age group at a light wavelength of A = 0.83
pm. Apparently this is due to the presence of alumi-
num lactate component in this toothpaste, which
makes the main contribution to the unscattered reflec-
tive component.

When examining the gums treated with PRESI-
DENT toothpaste, the reflection coefficient at the
same depth had a lower value than that of the previous
treatment with LACALUT toothpaste (curve 3).
Apparently, this is due to a change in the structural
properties of the gum tissue after treatment with this
agent. It can be assumed that zinc lactate in the
structure of biological tissue has a lower reflectivity
than aluminum lactate.

Fig. 3. Distribution of the reflection coefficient R over
the gingival depth.

1 — in the absence of external agents; if available: 2 —
LACALUT, 3 — PRESIDENT, 4 — PARODONTAX,
5 — Parodentocid

It was found that when PARODONTAX tooth-
paste was applied to the gums, the peak of the reflec-
tance distribution curve over depth was lower than the
peaks of two previous agents (curve 4). This paste
contains mainly plant components, which were
dissolved in the gum tissue, practically not participat-
ing in the reflective component of the emission.

After the treatment of the gums with Parodonti-
cide, the emission at the investigated depth had
practically no reflective properties (curve 5). Appar-
ently, this is due to the absence of aluminum and zinc
lactate in the substance.

Summing up the research, it should be noted that
the rating of the presented gum toothpastes was
identified in the authoritative scientific journals on
dentistry. According to dentists, it is LACALUT and
PRESIDENT that are more effective means to combat
with soreness and bleeding of the gums. This is due to
the presence of aluminum lactate and zinc lactate in
these products. In the results revealed in Fig. 3, it can
be seen that the reflection coefficients of these exter-
nal agents at the gingival depth exceed the values of
the reflection coefficients of PARODONTAX and
Parodentocid.

Therefore, in further research and in the manufac-
ture of dental products for the gums, it is necessary to
take into account not only the chemical composition,
but also the optical properties of the material.

CONCLUSION

The specified functionality of an automated opti-
cal-mechanical device can be used to study changes in
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optical properties at different depths of the gums, as
well as mucous biological objects in the oral cavity in
dynamics under the influence of various agents. The
presented development can be used for the diagnosis
(detection) of cancer at an early stage.

This work is of interest for optical instrumentation
and health care, in particular, therapeutic dentistry.
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