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CpaBHMTENbHAA OLEHKA TOYHOCTU OTOOpaXKeHUs
3y6HOM AyryM npu NOMOLLU COBPEMEHHbIX
UHTpaopanbHbiXx 3D-ckaHepoB
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A.T. CrenaHos, C.B. AnpecsH
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AHHOTALUNA

AxkmyaneHocme. Vcnonb30BaHne CTOMATOOMMYECKUX MHTPaopanbHbix 3D-ckaHepoB cerofHs ABNSETCA eXXeAHEBHbIM PYTUHBIM
MeXxaHW3MoM paboTbl COBpEMEHHOr0 Bpaya-ctoMaronora. lonyvenne ontuyeckoro 3D-u3obpaxeHus 3y6oB u 3ybHbIX pagoB no-
3BOJISIET He TONbKO U3DeKaTb BO3MOXKHOCTM BO3HWUKHOBEHWS MOrPELUHOCTEN Ha 3Tane MojyyeHus TPALULMOHHBIX CUAMKOHOBBIX
OTTUCKOB, HO W B 3HAYMTENbHON CTEMEHM CHU3UTL YPOBEHb AMCKOMMOPTA, KOTOPbIA BO3HUKAET Y NaLMeHTOB BO BPeMs CTOMATOJI0-
ruyeckoro npuema. CerofHs Ha pbiHKe MpefcTaB/ieHo DosbLL0e KONMYECTBO CUCTEM BHYTPUPOTOBbLIX CKaHepoB. HecMoTps Ha 6onb-
LIOe KOMMYECTBO MPEUMYLLLECTB MX MCMOJb30BaHMS B3aMeH TPaLULMOHHBIX CUJIMKOHOBbLIX OTTUCKOB, OTKPbITbIM OCTaeTcsl BOMpOC
0 TOYHOCTM MOJTy4aeMbIX OMTUYECKUX CEMKOB MPU TOTaIbHOM M CyBTOTasbHOM NPOTe3WUPOBaHUM Ha BEPXHEN U HUKHE YemiocTy.

Llesb — oueHUTb B IKCMEPUMEHTE TOYHOCTb CKaHMPOBaHUS Mofenen 3ybHbIX pALoB NauMeHTa Npu UCMoNb30BaHUM BHYTPUPO-
TOBbIX CKaHEPOB 1 ONpeAeNnTb JOCTYNHbIE HA CErOAHALLHMIA ileHb Mofenn LnMdpoBbIX NPUBOPOB, ONTUMaNbHbIE MO COOTHOLLEHWIO
LieHbl M KayecTBa paboTbl.

Mamepuan u Memodel. 3TanoHHBLIM CKaHOM (MacTep-MofieNbio) B UCCELOBaHUM ABNISNOCH MOYyYeHHOE C MOMOLLb0 nabopa-
TOPHOrO CKaHepa OMTUYecKoe M300paKeHWe W3roTOBSIEHHOW METOLOM ajAMTUBHOM TexHonornu 3D-neyatn pedepeHcHo Moaenu
BEPXHel YemioCTV NaumeHTa C NoSHbIM 3yBHbIM pagoM. lonydeHHas Mofenb 1S HUBENMPOBaHWSA MOTPELLHOCTEN YcaaKky hoTonou-
MepM13aLMOoHHbIX MaTepuasos bblia 0TCKaHMPOBaHa B TOT 3Ke AeHb C UCMOIb30BaHWeM BblbpaHHbIX A5 UCCNef0BaHNs BHYTPUPOTOBBIX
CKaHepoB. [loyyeHHble pe3ynbTaTbl CKAaHUPOBAHWS CPABHMBANUCh C 3TaIOHHBIM CKAHOM KOHTPOJIbHOM rpynnbl. 1o pesynbtatam npo-
“3BeAEHHbIX 3aMepoB B pedepeHCHbIX TOYKaX ANA KaXKLOro CKaHepa BbICYMTLIBANIM CpeAHEee 3HaueHMe MOrpeLlHOCT OTHOCUTESTbHO
MacTep-MoZeNv 1 ero NpeunsvMoHHOCTb. B fononHeHWe K cpesHUM BeSMUMHAM BbICUMTBIBASIUCH NapaMeTpbl NOrPELLUHOCTM CKaHepoB
BO (pOHTaNbHOM U JKeBaTeNlbHOM OTAese, a TakKe MOrpeLlHoCTb No fyre, KoTopas Obiia paBHa pasHOCTM 3HAYEHMIA PaCcXOXAEHMS
B pedepeHCHbIX TOUKaX, B KOTOPbIX ObL10 NoTy4eHO MaKCMMaribHOe M MUHUMalbHOe 3HaueHue. Takxke yuuTbiBanach CTOMMOCTb CKaHe-
POB M X AOCTYMHOCTb Ha OTEYECTBEHHOM PbIHKE B YCIOBMAX CAHKLIMOHHOM MOMMTUKY 3apybeHbIX CTpaH.

Pe3ynemamel. Hannydiuyto TO4HOCTb N0 pe3ysibTataM UCCNefoBaHUs pacxoXAeHuin Moaeneit nokasan ckaHep CEREC Primescan
AC: BenimumHa ero cpefiHel norpeluHocTy coctaeuna 13,72+7,34. MorpelwHocTb No fyre oKasanach paBHoi 18,8 MKM, pacxoxieHue
BO ()pOHTaNbHOI 0611acTh coctaBuno 18 MKM, a B XeBaTesbHo — 6,8 MKM. Hanbonee 6113k1M no TO4HOCTU OKa3ancs ckaHep 3Shape
Trios 3, cpeiHAs NOrpeLUHOCTb KOTOPOro cocTaBuna 16,28+5,94 MKM. BennunHa norpeLlHoCTV BHYTPUMPOTOBOrO CKaHepa Aoralscan 3
coctaBuna 42,08+18,34 MKM, B TO BpeMs KaK TOYHOCTb MO Ayre — 65 MKM, pacxoXieHue BO (poHTabHOW 061acTv cocTaBuno
33 MKM, a B xeBaTeNibHoit — 55,1 MkM. CkaHep Emerald S mode C umen cpegHioto norpelwHocTb 35,84+22,29 MKM, 4TO Obino BbiLLe,
yeMm y Medit i500 1 Aoralscan 3, ogHako no napaMetpy npeumsnoHHocTH Aoralscan 3 okasancs nydwe (18,34 npoTuB 22,29 MKMm).
Mo pesynbTataM conocTaBfieHus Mofenel B nporpamme MeshLab HauMeHbluylo MeamaHy pacctosHuii (18 MkM) nokasan CEREC
Primescan AC. Mogenm TRIOS 3 1 Emerald S mode C oTamyanuck ot atanoHa B cpeaHeM Ha 29 MKM. CkaHepbl Aoralscan 3 nokasanu
pesynbTat B 33 MKM, a Medit i500 — B 41 MKM.

3aknwyeHue. Mpeun3noHHOCTb paboThbl ckaHepa Aoralscan 3, KoTopas SIBNSETCS Hawmydlleidl Cpeay aHanoroB B OAHOM Lie-
HOBOM KaTeropuu, 4aeT OCHOBaHME CYMTaTb [aHHbI CKaHep Haubosee AOCTYNHbIM A51s paboThbl B YCNOBUSX CTOMATONOMMYECKOro
XMpYPru4ecKoro, OPTOAOHTMHECKOrO M OpPTOMeAMYeckoro npuema. M3 npeMuanbHbix CKaHepoB, y4acTBYHOLLMX B MUCCNeLOBaHMSX
M DOCTYMHBIX Ha CErOAHALIHMUA AeHb HA CTOMATOSIONMYEeCKOM pbiHKe, nuaepom sensetcs CEREC Primescan AC.

KnioueBble cnoBa: BHYTPUPOTOBbIE CKaHepbl; LIMqJPOBbIe CTOMATOoJI0rMyecKme TeXHON0rMKM; 06 beMHast neyaTb; TOYHOCTb CKa-
HUPOBaHKA.
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Comparative evaluation of the accuracy of the dental
arch display using modern intraoral
three-dimensional scanners
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Roman V. Batov, Alexandr G. Stepanov, Samvel V. Apresyan

RUDN University of Russia, Moscow, Russian Federation

ABSTRACT

BACKGROUND: At present, modern dentists used dental intraoral three-dimensional (3D) scanners routinely in their daily
work. Obtaining an optical 3D image of the teeth and dentition helps avoid errors at the stage of obtaining traditional silicone
impressions and significantly reduces the level of discomfort during dental procedures. Intraoral scanner systems are com-
mercially available today. Despite their advantages over traditional silicone impressions, the accuracy of the optical impres-
sions obtained during total and subtotal prosthetics on the upper and lower jaw are still questionable.

AIM: This study aimed to evaluate the accuracy of scanning models of the patient’s dentition obtained using intraoral scan-
ners and to determine the currently available models of digital devices that are optimal in terms of price and quality.

MATERIAL AND METHODS: The reference scan (master model) was an optical image of the reference model of the upper
jaw of a patient with a full dentition made by additive 3D-printing technology obtained using a laboratory scanner. To level
out the shrinkage errors of photopolymerization materials, the resulting model was scanned on the same day using intraoral
scanners selected for the study. The obtained scan results were compared with the reference scan of the control group. Based
on the measurements made at reference points, the average error value relative to the master model and its precision were
calculated for each scanner. In addition to the average values, the error parameters of the scanners in the frontal and chewing
sections were calculated, as well as the arc error, which was equal to the difference in the values of the discrepancy at the ref-
erence points at which the maximum and minimum values were obtained. The cost and availability of scanners on the domestic
market, under the sanctions policy of foreign countries, were also considered.

RESULTS: The CEREC Primescan AC scanner showed the best accuracy according to the results of model discrepancies.
It has an average error of 13.72+7.34. The arc error was 18.8 microns, and the discrepancies in the frontal area and chew-
ing area were 18 and 6.8 microns, respectively. 3Shape Trios 3 scanner has the closest accuracy, with an average error of
16.28+5.94 microns. The error value of Aoralscan 3 was 42.08+18.34 microns, its arc accuracy was 65 microns, and the
discrepancies in the frontal and chewing areas were 33 and 55.1 microns, respectively. Emerald S Mode C had an average
error of 35.84+22.29 microns, which was higher than that of Medit i500 and Aoralscan 3; however, Aoralscan 3 showed
better precision (18.34 microns versus 22.29 microns). According to the comparison results of the models in the MeshLab
program, CEREC Primescan AC showed the smallest median of distances (18 microns). The TRIOS 3 and Emerald S Mode
C differed from the standard by an average of 29 microns, and Aoralscan 3 scanners had of 33 microns and Medit i500 had
41 microns.

CONCLUSION: The precision of Aoralscan 3 scanner, which is the best among its analogs in the price category, makes it
the most affordable scanner for dental surgical, orthodontic, and orthopedic fields. CEREC Primescan AC is the leader of the
premium scanners involved in the study and available in the dental market.

Keywords: intraoral scanners; digital dental technologies; volumetric printing; scanning accuracy.
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IKCMEPMEHTANTBHO-TEOPETUHECKME MCCIELOBAHIA

BBEJEHUE

CTpeMuTenbHOe pasBuTMe LMPPOBLIX TEXHONOTWMA AaeT
BO3MOXHOCTb MOBLICUTb KauyecTBO paboThbl Bpayeii-cToMa-
TOJIOrOB, CHU3UTb CEDECTOMMOCTb M3roTaBIMBAEMBIX KOH-
CTPYKLMI U YMEHBLLUNTb BpeMsi, HeobxoanuMoe Ans neYeHuns
nauneHToB [1-4]. C KaxabiM roaoM nossnseTca bosbLuoe
KOJIMYECTBO HOBbIX MOJENei MHTPaopanbHbIX CKaHEepOoB,
a NpoM3BOLAUTENN UMEKILLMXCA HE CTOAT Ha MecTe, NOCTOSH-
HO 0BHOBNAA NporpaMMHoe obecneyeHune u BoimycKas 60-
nee 3proHOMUYHbIE MOJENW, MO3BOJIAKLLME CHU3UTL BPEMS
MoJy4yeHns LMPPOBLIX MOAENEN N YBEJIMYUTb UX KayecTBO
[5-7]. MpoBeAeHHbIX HayYHbIX UCCNEA0BaAHMUIA, N3YYatOLLIMX
TOYHOCTb MOJTY4aEMbIX C MOMOLLLbIO MHTPAOpaNbHbIX CKaHe-
poB 3D-06bEKTOB, OTHOCUTENILHO TEMMNA Pa3BUTUS LAHHOM
obnact HepocTaToyHo [8—11]. BonblUMHCTBO UMelOLLUXCS
cTaten No [JaHHOW TeMaTWKe NpUBOAAT aHaNUTUKY, Noj-
TBEPXKAAIOLLYI0 HU3KYI0 TOYHOCTb LIM(POBLIX CIIENKOB BCETO
3ybHoro papa [12-15].

MpuHLWMN paboTbl BHYTPUPOTOBLIX CKAHEPOB 3aKJTOYAETCA
B MPOELMPOBAHNM CBETA HA CKAHMPYEMbIil 00BEKT, MPUHATUM
1 06paboTKe OTpaKeHHbIX Jlyyei U nepefaye UHGopMaLum
Ha KoMnbloTep Ans nonyyeHus 3D-usobpakerus, rae cneum-
anbHoe nporpaMMHoe obecneyeHne obpabaTtbiBaeT 0bnaka
TPeyroNbHUKOB U BOCCO3AaeT 06beMHoe 1300paxeHme 0bb-
eKTa (puc. 1).

BbinensioT BHYTPUpOTOBbLIE U N1abOpPaTOPHbLIE CKaHEPBI.
Paboyas moBepxXHOCTb Kamepbl BHYTPUPOTOBOrO CKaHepa
HanpsMyl BAMSeT Ha 0bnacTb ero paboTbl M CoCTaBnsieT
He 6onee 20 MM. Y nabopaTopHbIX CKaHepoB MOBEPXHOCTb
ceHcopa 3aHuMaet okonio 60—-80 MM, 4To JaeT BO3MOXKHOCTb
bonee BLICTPOro M Ka4eCTBEHHOrO MOAYYEeHUS 0OBEMHO-
ro u3obpaxeHus, 4To 0COBEHHO BaXHO B CNy4asX MOJIHOMO
TOTANIbHOTO MpPOTe3WpoBaHuA. [Ina nonyveHus 06beMHOro
n30bpaxeHns obbekTa Ha NabopaTopHOM CKaHepe MOAeNb
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PoCCUIACKIAM CTOMBTONOMYECKI ypHaN

3aKpenneHa B (uKcaTope U pacriofiaraeTcs Ha 04HOM pac-
CTOSIHWM OT Nla3epa, YTO YBENMYMBAET KA4eCTBO OMTUYECKOro
crnenka B cpaBHeHUM C paboToii BHYTPUPOTOBOTO CKaHepa,
rae TOYHOCTb MOJTyYeHUs LMdPOBOro OTTUCKA MOXET 3aBU-
CeTb 0T HaBbIKOB OMepaTopa ¥ CoBMOAeHNS NPOTOKONA CKa-
HUpoBaHusa [16].

Mpu BbIOOPE BHYTPUPOTOBOrO CKaHepa, MOMUMO TOYHO-
CTW Nnofy4aeMoro u3obpaxeHus, HeobXoAUMO YUMTbIBATb PAL,
Apyrux dakTopos. TakxKe 0CHOBOMONAraloLLMMM KpUTEPUSIMY,
KOTOPBIMM HYXHO PYKOBOACTBOBATLCA NMpU Bbibope BHYTpU-
POTOBOr0 CKaHepa, LOMKHbI BbiTb €ro NpoU3BOAMTENbHbIE
XapaKTepUCTUKU: CKOpOCTb, 06beM 3axBaTa U30bpameHus,
MHTeNNeKTyanbHas 0bpaboTka aaHHbIx [17].

CKopocTb 3axBaTa u3obpaxeHus — 3To bbicTpoTa 3g-
(eKTUBHOrO NepeMeLLeHUs CKaHepa B NOSI0CTU pTa, NpU Ko-
TOPOM MOCTPOeHWe 06LLero M300paXeHns He NpepbIBaeTCA.
370 BaKHbIi NOKa3aTesb, NO3BOASIOLLNA IKOHOMUTb BpeEMS
CTOMaTo/I0rMYeCcKOro Npuema U, raBHoe, 0rpaHUYUTb BpeMS
npebbiBaHMs BO PTY, YTO NPUYMHSAET ONpeaeseHHbI AUCKOM-
(hopT NaumeHTy.

MokasaTenb obbeMa 3axBayeHHOr0 M300paeHus xa-
paKTepu3yeT KOMMYECTBO MOME3HOIM MHGOPMALMK, NONyYeH-
HOM MpU OLHOKPaTHOM MPOBELEHUM CKaHepa Mo 0OBLEKTY.
[laHHbIl NoKasaTenb, KaK yXe 0TMeyanoch Bbllle, 3aBUCKUT
0T pa3mepa paboyeit NOBEPXHOCTW KaMepbl U pacrnonoeHus
ceHcopa K, 6e3ycioBHO, HUXE Y BHYTPUPOTOBbLIX CKaHEepOB
Mo CpaBHeHMIo ¢ labopaTopHbiMu [18].

N HakoHel, BaxHas W MOCTOSHHO 0bHOBNISiEMas npo-
U3BOJMTENAMU XapaKTEPUCTMKA — Ka4eCTBO MHTEJEKTY-
anbHon 06paboTKM AaHHbIX, 3aBUCSALLEE OT MPOrpaMMHOI0
obecneyenne CAD/CAM-cuctembl. [pu BHYTPUPOTOBOM CKa-
HUPOBaHWW, MOMUMO BaXKHbIX [J1A Nocnedyiolien pabotel
371eMeHTOB, B nofie ¢MKcauMn Kamepbl NonajaloT TKaHu
MPOTE3HOr0 MoNs — A3bIK, LLEKW, PETPaKTOpbl, CTOMaTo-
nornyeckoe 3epkano. Bo3MOXHOCTb 0TCEUEHUS HEHYIKHBIX

Mepegava B KOMMbIOTEP

[NpectpaszceaTens

Puc. 1. CxeMatyeckoe u3obpaxeHue npuHLMNa paboTbl BHYTPUPOTOBOTO CKaHepa.
Fig. 1. Schematic representation of the principle of operation of the intraoral scanner.
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0b6beKkToB Npu HOPMUPOBAHWUM OKOHYaTENbHOrO U3o6pa-

JKEHWSA W TOYHOE COMOCTaB/IEHWE 3NIEMEHTOB CKaHUpYeMOii

MOBEPXHOCTM XapaKTepn3yloT Ka4ecTBO MPOrpamMMHoro obe-

CreyeHus.

YcnosueM, BAMSIOLLMM Ha TOYHOCTb CKaHMPOBaHMs 3y6-
HOM [lyry, SBNSeTca cobofeHne TEXHUKN CKaHUPOBaHWS.

CyLLecTBYIOT [OMOJHUTENbHBIE OMLMU BHYTPUPOTOBLIX
CKaHepoB, BblAeNsieMble PSLAOM aBTOPOB KaK peluatoLume
B Bblbope cucTeMbl. K AaHHBIM OMUMAM OTHOCATCA Mpexae
BCEro CTOMMOCTb CaMOW CUCTEMbI 1 TEXHUYECKOI NMOLAEPIKKM
nporpamMMHoro obecreyeHns, Hanuuue NpoBOAa, COEAMHS-
IOLLIEro CKaHep C KOMIMbKTEPOM, CEHCOPHOTO UMW TaKTWIb-
HOro ynpaBJieHus!, UCMONb30BaHWe aHTUBMKOBOro NOPOLLKa
NP1 CKaHUPOBaHUM WM APYrUX LOMONHUTESNbHBIX aKceccya-
pos [12, 14].

0606wan Bce HeobXoaMMble XapaKTEPUCTUKM, Obiun
BblpaboTaHbl cnepytowye Kputepun cpaBHexus CAD/CAM-
cucteM [19]:

1) cKoOpOCTb CKaHMpPOBaHMS: BOMBLIMHCTBOM COBPEMEHHBIX
CKaHEepOB MOXKHO BbINOJHUTH MOJHOLBETHOE CKaHUpOBa-
HWe BCen Ayru B TedeHne 1 MuH;

2) KayecTBO CKaHMPOBaHWA: onpefenseT KayecTBO 3axBaTa
MOBEPXHOCTU M OPMbl B MPOLECCE CKaHUPOBaHMUA, He-
MPepLIBHOCTb CKaHa, CKOPOCTb Pacrio3HaBaHWA MecTa
0CTaHOBKM nocnie BO30OHOBNEHWUS NpepBaHHON paboThl,
a TaKXKe KayecTBO CLUMBKM CKaHa 1 CaMoro Mojly4eHHoro
Gaiina;

3) pasmep cKaHepa: OCHOBaH He TOJTbKO Ha pa3Mepe rofoB-
KM, HO 1 Ha 06LLeM pa3mepe M Macce CKaHepa;

4) npocToTa MCMONBb30BaHUSA: KPUTEPUA NOKa3bIBaeT yA06-
CTBO 000pYA0BaHNS, NABHOCTb CKAHMPOBAHMS, BO3MOX-
HOCTW nporpamMHoro obecneveHus, obpaboTku u3obpa-
YEeHUs 1 opraHu3aumm paboyero npouecca;

5) LeHa / IHBECTULMOHHAA CTOMMOCTb: OTHOCUTENTBHO CaMoi
[EeLLeBOM 1 CaMOi [0poroii Moaenu B 063ope;

6) HanmuuMe MNATHOTO OBCMYXMBaHWA: HanMuMe MNATHbIX
UM BecnnatHbIX cepBUCOB 0OHOBNEHWS MPOrpamMMHOro
obecrneyeHus, TEXHUYECKOro 06CNyXUMBaHMs, Texnoj-
LEPHKY;

7) CEeHCOpHbIN 3KPaH: OpraHbl YNPaB/eHNUs Ha CaMOM CKaHepe;

8) becnpoBofHOM CKaHep: BO3MOXHOCTb OecnpoBofHOM
paboTbl, Kak npaBuno, ¢ NoakntoyeHneM no Bluetooth
unn Wi-Fi;

9) obHapyeHue Kapueca: Hanuume GyHKUMN 0BHapyKeHMs
Kapueca, Hanpumep, TpaHCUIIIKOMUHALMK Unn diyopec-
LeHLmu;

10) uHTerpaums ¢ cUCTEMOI aBTOMAaTU3MPOBAHHOIO MPOEK-
TupoBaHusa (CAD): Hanmune B NporpaMMHOM obecreye-
HWAW QYHKLMNA CUCTEMbI aBTOMATU3UPOBAHHOMO NPOEKTH-
poBaHMs.

CerofiHa Ha pblHKe NMpefCcTaBfieHo bonbLLoe KONYEeCTBO
CUCTEM BHYTPUPOTOBLIX CKaHepoB. HecMoTps Ha Bonbluoe
KOJIMYECTBO MPEMMYLLIECTB UX UCMO/b30BaHMs B3aMeH Tpa-
LMLMOHHBIX CWIIMKOHOBBIX OTTUCKOB, OTKPBITHIM OCTaeT-
Cl BOMPOC O TOYHOCTW MONYYAEMbIX OMTUYECKMX CIIEMKOB
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MpW TOTaNbHOM U cyOTOTaNbHOM NPOTE3MPOBaHNUN Ha BEPXHEVA
U HWKHel ventoctu [15, 17, 18].

LUenb uccnepoBaHus — OLEHUTb B 3KCMEPUMEHTE
TOYHOCTb CKAHMPOBaHUS Mofeneii 3yOHbIX PsAOB NauMeHTa
MpU UCNOJIb30BaHNM BHYTPUPOTOBbIX CKAHEPOB W ONpeaeNuTb
LOCTYNHbIE Ha CErOfHALIHMIA AeHb MOLeNM LM(BPOBLIX NpU-
6opoB, ONTUMasbHbIE MO MOKA3aTesi0 COOTHOLLEHUS LIEHbI
1 KayecTBa paboThl.

MATEPUAJ1 U METO[1bI

B KauectBe pedepeHca Hamu bbina M3roToBneHa Mo-
[LeNb BEPXHEN YeIOCTH NauMeHTa C NoJHbIM 3y6HbIM pAAOM
MEeToO0M afAMTUBHOM TexHonoruu SLA (cTepeonutorpa-
¢um) Ha 3D-npunHTepe Formlabs Form 3B (Formlabs, CLLUA)
u3 matepuana Dental Model Resin V2 (Formlabs, CLUA). Mo-
NyyeHHas Mojenb npolwnia noctobpaboTKy M30nponaHoIoM
B cneumanbHoi ctaHummn Form Wash (Formlabs, CLUA) c no-
CrlefytoLLe OKOHYaTesbHOM (OTONoNMMepH3aLmeli B KaMe-
pe Form Cure (Formlabs, CLLUA). Yka3aHHble MaHunynsuum
BbIM BbIMOHEHBI COTNTACHO MHCTPYKUMW NpOU3BOLUTENS
KOHCTPYKLMOHHOrO Matepuana (puc. 2).

MonyyeHHas MoZenb 11 HUBENMPOBAHWUSA NOrPELUHOCTEN
yCaaKv GOToNoIMMEpPU3aLMOHHBIX MaTepUanoB bbina oTcKa-
HWpOBaHa B TOT M€ A€Hb C WUCMOJb30BaHWEM BblOPaHHbIX
L5 UCCNefioBaHWs 5 BHYTPUPOTOBLIX CKaHepoB.

Bcero 6b110 nony4eHo no 5 uMppoBLIX Moaene Kax-
ObIM CKaHepoM. [locne Kaxporo CKaHMpOBaHMS MpOW3BO-
Junacb KanubpoBka. MonyyeHHble CKaHbl MOAENM CpaBHU-
BaNIUCb C 3TaIOHOM (MacTep-MOLENbi0), KOTOPbIM SBNIANOCH
ONTUYecKoe M30bpaxeHne pedepeHcHol moaenu (puc. 3),

Puc. 2. Mogenb BepxHel 4entocTy, HanevataHHas Ha 3D-npuHTepe
Formlabs (CLLA).
Fig. 2. A model of the upper jaw printed on a 3D printer by Form

labs (USA).
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Puc. 3. 3tanoHHas uudposas Mofenb, NoayyYeHHas Ha nabopa-
TOPHOM CKaHepe.
Fig. 3. Reference digital model obtained on a laboratory scanner.

MoJy4YeHHOE C NOMOLLbI0 1abopaTopHOro ckaHepa ZirconZahn
S300 (ZirconZahn, Utanus).

B npoBefieHHOM Mccnef0BaHUM UCTIONb30BaMCh Hanbo-
Nee 4acTo NPUMEHSIEMbIe Ha CerofHALIHWIA AeHb B CTOMATo-
noruyeckon npakTuke ckadepbl Medit i500 (Medit, HxHan
Kopes), CEREC Primescan AC (Dentsply Sirona, CLLA), TRIOS 3
(3Shape, Hdanus), Aoralscan 3 (Shining 3D, Kutaii), Emer-
ald S mode C (Planmeca, ®uHnsHAMSA), CXOXMe NO CBOEVA
NPOM3BOAMTENBHOCTH, 3aTPauMBAEMOMY Ha CKAHWUPOBaHME
3ybHOro psaga BpeMeHM, TOYHOCTM CLUMBKM M300paeHus
W BONONHUTENbHBIM (YHKUMAM. OfHAaKO CTOMMOCTb [aH-
HbIX annapaToB pa3nuyHa. CpeaHsAs CTOMMOCTb yKa3aHHbIX

Tom 26 (4) 2022

PoCCUIACKIAM CTOMBTONOMYECKI ypHaN

CKaHepoB Ha MOMEHT NpOBEAEHUS UCCNEJ0BaHNS B pybnsx
coctaBnsna: Primescan AC (Dentsply Sirona, CLUA) —
3 250 000-3 502 000; Planmeca Emerald S (Planmeca,
Ounnaugns) — 1 759 990-1 799 010; 3Shape (3Shape,
Hauna) — 1 499 000-1 700 000; Medit i500 (Medit, Hx-
Haa Kopes) — 821 572-869 000; Aoralscan 3 (Shining 3D,
Kurait) — 800 000-839 000.

ToYHOCTb BHYTPUPOTOBbLIX CIEMKOB, NOSYYEHHBIX C NO-
MOLLbI0 YKa3aHHbIX CKaHepoB, onpenenanach npu nomo-
LM M3MEpUTENIbHBIX MHCTPYMeHTOB nmporpamMmbl Exocad.
Kaxnpoe nonyyeHHoe obbeMHoe u3obpaxkeHue 3kcnop-
TMpPOBanoCb M3 MNporpaMMHoro obecneyeHus cKaHepa
B ¢opmate STL-aina, nocne 4ero MMNOPTUPOBANOCH
B NporpamMMmy AJjis MOJENIMPOBaHWUA CTOMATONOrMYECKUX
KOHCTpyKuumit Exocad, rae conoctaBnsnock ¢ MacTep-Mo-
[enblo Yepe3d Moaynb «3Kcnept» U dyHKumi «[lobaButb
3D-00beKT.

IlBa STL-taina conocTtaBnsnmucL NyTeM NOOYEpeLHOM0
pacrnofioeHns 5 ToYeK Ha MOAENAX: B CEpPeArHe LiepBu-
KaJIbHOW JIMHUM BTOPbIX MOJIAIPOB CMpaBa 1 CNeBa, Mo LEeHTPY
LLepBUKaNbHOW JIMHAW KIbIKOB C MPaBOM U NeBO CTOPOHbI,
a TaKXKe Y PexKyLLero Kpas LieHTpasbHbIX pe3LoB y Meauanb-
HbIX aNpOKCUMaJbHbIX KOHTAKTOB (pUC. 4).

B KawpoM cnyyae NpoM3BOAMICA PacyeT OTKIIOHEHWI
MEX[Y KaX[0M TOYKOW Ha MacTep-MOAENM U MOAENbH), OT-
CKaHMPOBaHHON MHTpaopabHbIM CKaHepoM (puc. 5).

Mocne conoctaBneHns ABYX 06beMHbIX U306paxeHUN
nporpamMma OKpaluMBana MoLesiv B pasfnyHble LiBETa, Co-
OTBETCTBYIOLLME BEIMYMHE pacxoxaeHus: 10 MKM — B cu-
Hun uget, 11-22 MKkM — ronyboi, 23-52 — 3eneHbIn,
53-62 — xentbiid, 63-80 — opaHxeBblii. [lanee pac-
xoxpeHne o 100 MKM oTobpaXaeTcs KpacHbIM LiBETOM,
npw BonblueM paccTosiHMM 061acTb CTaHOBUTCSA PO30BOTO
uBeta (puc. 6).

Puc. 4. ConocTaBnenve apyx Moaeneii B nporpamme Exocad.
Fig. 4. Comparison of two models in the Exocad program.

DQl: https://doi.org/10.17816/1728-2802-2022-26-4-287-297
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Puc. 5. Bupg HanoxeHHbIx Mogeneii nocne aktueaumu GyHKLMM «ConoctaBuTb TOYHOY.
Fig. 5. View of superimposed models after activating the Match exactly function.

m'ri

npursToe/nakcunanshos paccrossve K4 0 mm B 0.1
0,02 :

b o ARGRERROO 06 o000

Puc. 6. Llkana Bu3yanu3aumm LBeTa cONOCTaBNEHNUA ABYX 00b-
€MHbIX U306paXKeHu.

Fig. 6. Color visualization scale for matching two three-dimensional
images.

Puc. 7. /3MepeHune 3HaueHMs BEIMUMHBI PacXOXAEHWUA Mogesen
B pedepeHCHoIi TOUKe B NepreHNKyNIApHOM paspese.

Fig. 7. Measurement of the value of the discrepancy of the models
at the reference point in a perpendicular section.

DQl: https://doi.org/10.17816/1728-2802-2022-26-4-287-297

[ins onpefeneHns TOUHOrO 3HaueHUs BENIMYMHBI pac-
X0XAEHUS ABYX Mofeneil B yKa3aHHbIX TOUKax Npou3Bo-
OMN0Cb U3MEpPEHNEe PacCTOSHUA MEeXAY BecTUbynspHbIMHU
MOBEPXHOCTAMU MOAeNeil B MeprneHANKYNSpHOM paspese
(puc. 7). Ons Kaxpon pedepeHCHON TOYKM BbICUMTbIBASM
CpefHee 3HayeHUe Ha 0CHOBAHWM 5 U3MEpEeHHIA.

MomMnMo n3MepeHnin B pedepeHCHbIX TOYKax, ocyLie-
CTBMAW COBMELLEHWE MONYYeHHbIX 06bEMHBIX M306paxe-
Hui B nporpamMme MeshLab. AnroputM paboTbl nporpamMml
COCTOWT B paHAOMW3MPOBaHHOM Bbibope 60/bLLOr0 KoK-
YecTBa TOYEK Ha 06beMHbIX M306paXKeHNUsX, paBHOMO YMC-
Ny BEpLUMH 0HOT0 U3 06 bEMHBIX N306paxeHnid. [1ns Kax-
L0W TOYKU OJHOW MOLENU BbIYUCNAKTCA TOUKMU APYroro
unbpoBOro 0TTUCKA ANA HaX0XAeHUs Hanbonee 6aU3KON,
KOTopas 0TMeYaeTcsa U 3anoMuHaeTcs nporpamMmoii. Cpeau
BCEX 3aMOMHEHHbIX PacCTOSAHMI aBTOMATUYECKMN BbICHUTbI-
BaeTCs MeAuaHa paccTosHui. [laHHas BenMyMHa No3Bo-
NSeT OLeHUTb 00 BEMHYI0 TOYHOCTb TPEXMEPHBIX MOLENEeN,
MpyW 3TOM OHa He XapaKTepu3yeT NpeLyu3MoHHOCTb U BeNu-
UMHY MOTPELUHOCTU CKAHUPOBAHUS B Pa3fMYHbIX y4YacTKax
mogenu [20].

lMocne umnopta STL-dannos MacTep-Moaenu 1 MHTpa-
0pasbHOr0 CKaHa B MpOrpaMMy MCMosb30Banu QyHKLMIO
«BblpaBHMBaHWE», aHanorMyHbIM CMocoboM nooyepesHo
0TMeyanu 5 ToYeK: Ha LiepB1KanbHOM 061acTh BTOPbIX MO-
NApOB NpaBOM U NEBOW CTOPOHLI, B LEHTPE LiepBUKANLHOM
JINHUM KJIBIKOB CrpaBa U CfieBa W B LiEHTpe pe3LoBoro co-
CcouKa (puc. 8).

lporpamma aBTOMaTHU4ecku obbeamnHsna fga umdpo-
BbIX M306paxeHns (puc. 9) u BbIBoAMNA 3HaUEHME MeLUaHbl
paccTosHui (puc. 10).
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Puc. 8. MeHio conocTaBnieHust ABYX 00bEMHBIX M300paXeHuiA.
Fig. 8. Menu for comparing two volumetric images.
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Puc. 9. Mpumep conoctaBneHus LuMdpoBbIX crenkos B nporpamme MeshLab.

Fig. 9. Example of digital casts matching in MeshLab program.

Starting Processing of 2 glued meshes out of 2 meshes
Computing Overlaps 2 glued meshes...

Failure. There are no overlapping meshes?
No candidate alignment arcs. Nothing Done.
Starting Processing of 2 glued meshes out of 2 meshes
Computing Overlaps 2 glued meshes...
Arc with good overlap 1 (on 1)
0 preserved 0 Recalc
( 1/ 1) 0 -> 1 Aligned AvgErr dd=41.401676 -> dd=0.033974
Completed Mesh-Mesh Alignment: Avg Err 0.041; Median 0.041; 90% 0.041
Global Alignment...Completed Global Alignment (error bound 0.001000)

Puc. 10. MeHio nporpaMMbl nocie HaxoXLeHWs MednaHbl pac-
CTOSIHUIA.
Fig. 10. Program menu after finding the median of distances.

PE3Y/IbTATHI

Mo pesynbTatam npousBefeHHbIX 3aMepoB B pedepeHc-
HbIX TOYKAX ANS KAKAOr0 CKaHepa BbICUMTHIBANM CPefHee
3HauYeHWe NorpeLUHOCTV OTHOCUTENBHO MacTep-MOLENN U ero
MPELM3NOHHOCTb (Tabn. 1).

B LomonHeHWe K CpefHMM BeMYMHAM BbICYMTbIBA-
JMCb NapameTpbl NOrPeLUHOCTU CKaHepoB BO (DPOHTAsIbHOM

DQl: https://doi.org/10.17816/1728-2802-2022-26-4-287-297

W XKEeBaTeNIbHOM 0T[efle, a TaKXKe MOrpeLHocTb Mo Ayre, Ko-
TOpas bbina paBHa pa3HOCTU 3HAYEHMIA PACXOXKAEHUSA B pe-
(epeHCHbIX TOUKaX, B KOTOPbIX BblI0 NOTyYeHO MaKcMMarb-
HOe U MUHWUManbHOe 3HayeHue (Tabn. 2). [laHHas BenMumHa
M03BONSAET OLEHUTb BEIMYMHY MaAKCUMaJIbHO BO3MOXKHOIO
pacxoxpgeHus B npepenax OAHOW MOAeNW, YTO ABMSETCS
BA)XHbIM MPW NAaHAPOBaHWM NPOTSXKEHHBIX OPTONEANYECKUX
KOHCTPYKLMMN.

Haunyuwyto ToyHocTb Mo pe3ynbTataM McCNefoBaHUA
PacxoXeHUn MoLeNel, NOMyYeHHbIX MU BHYTPUPOTOBOM
CKaHMpOBaHWUK, B CPaBHEHUM C MacTep-Mofenbio B pede-
PEHCHbIX TOYKax B nporpamMme Exocad nokasan ckaHep
CEREC Primescan AC: Bennuu1Ha ero cpefHei norpeLwHocT
coctaBuna 13,72+7,34. MorpeluHocTb No Ayre oKasanacb
paBHoii 18,8 MKM, pacxoxaeHue Bo GpoHTanbHOM 0bnacTu
coctaBuio 18 MKM, a B eBaTenbHod — 6,8 MkM. Hambo-
nee BNIM3KUM MO TOYHOCTU OKa3sancsa ckavep 3Shape Trios 3,
CpefHAs NOrpeLLHOCTb KoToporo coctaBuna 16,28+5,94 MKM.
BennunHa norpeluHocT# BHyTpUpOTOBOro cKaHepa Aorals-
can 3 cocTaBuna 42,08+18,34 MKM, B TO BpeMs KaK TOYHOCTb
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Ta6nuua 1. MorpeltHoCTb BHYTPUPOTOBbLIX CKAHEPOB OTHOCUTESbHO MacTep-MOAENM Mo LaHHBIM U3MepeHuit B nporpamme Exocad
Table 1. The error of intraoral scanners relative to the master model according to measurements in the Exocad program

H Touka 1 (1.7), | Touka 2 (1.3), | Touka 3 (1.1, | Touka 4. (2.3), | Touka 5 (2.7), CpenHee 3HaueHue (cpeaHss
asBaHue CKaHepa
MKM MKM 2.1), MKM MKM MKM NOrpeLUHOCTbEMNPELU3UOHHOCTD), MKM
Medit i500 70,6 92,4 16,4 13,8 62,4 51,12+28,82
CEREC Primescan AC 8,8 9,2 22,2 23,6 4,8 13,72+7,34
TRIOS 3 16,8 10,4 12,4 30,6 11,2 16,28+5,94
Aoralscan 3 87,4 42,6 35,2 22,4 22,8 42,08+18,34
Emerald S mode C 25,2 14,2 62,2 12,4 65,2 35,84+22,29

Ta6nuua 2. MorpellHocTb BHYTPMPOTOBLIX CKaHepOB Mo Ayre, BO (DPOHTANbHOM U B KeBaTeNlbHOM 0TAene 3ybHoro psaga
Table 2. The error of intraoral scanners along the arc, in the frontal and in the chewing part of the dentition

HasBaHue ckaHepa

I'Iorpeluuocn; no ayre (MaKC. 3Haye- I'Iorpeumocn: BO ¢p0HTaﬂbHOM nOFpeLUHOCTb B XXeBaTeJibHOM

HUMe — MUH. 3HaYeHue), MKM oTaene, MKM oTaene, MKM
Medit i500 78,6 41 66,5
CEREC PrimeScan AC 18,8 18 6,8
TRIOS 3 20,2 18 14
Aoralscan 3 65 33 55,1
Emerald S mode C 52,8 30 45,2

Mo fyre — 65 MKM, pacxoxeHue Bo GpOHTabHOI 06nacTn
cocTaBuno 33 MKM, a B eBaTesibHol — 55,1 MkM. Emerald
S mode C uMen cpeaHtoto norpewuHocTs 35,84+22,29 MKM,
yTo ObINO BhIWe, YeM y Medit i500 u Aoralscan 3, onHako
no napameTpy npeumsnoHHocTu Aoralscan 3 okasancs nyy-
we (18,34 npotus 22,29 MkM). TouHocTb Emerald S mode C
no Ayre paBHsnacb 52,8, BO PpOHTaNbHOM M B }KeBaTesb-
HoMm oTAene — 30 u 45,2 MKM cooTBeTcTBEHHO. Cpeay Beex
HaMMeHee TOYHbIM M0 COBOKYMHOCTW MapaMeTpoB OKa3ascs
Medit i500: cpeaHee 3Ha4eHWe NOrpeLIHOCTY ONpeLenanoch
B npepenax 51,12+28,82, uto b6bin0 HUXKe, YeM Yy aHano-
roB, KaK M TOYHOCTb MO fiyre, KOTopasi cocTaBuna 78,6 MKM,
npy 3TOM 3HayeHns BO (PoHTaNbHOM oTaene — 41 MKM,
B XeBaTeNIbHOM — 66,5 MKM.

Mo pe3ynbTataM conocTaBeHns MOAeNeld B nporpamMme
MeshLab HauMeHblLyl0 MeamnaHy pacctosHuiA (18 MKM) no-
kasan CEREC Primescan AC. Mogenm TRIOS 3 u Emerald S
mode C oTAMyanuch 0T 3TanoHa B cpeaHeM Ha 29 MKM. CKa-
Hepbl Aoralscan 3 nokasanu pesynetat B 33 MkM, a Medit
i500 — B 41 MKkM (Tabn. 3).

3AKJIKYEHUE

HecMoTps Ha pasnuums B TOYHOCTW, LOCTUTHYTble
Ha [aHHOM 3Tane BPEMEHU BO3MOXHOCTM MONYYEHUS
3D-Mopaenen yentocTen, NOCTOSIHHAsA MOAUQUKaLMA UMe-
IOLLMXCSA TEXHOMOTUIA M NPOrpaMMHbIX obecneyeHuin no-
3BONIAKT NosiydaTb LMGpPOBbIE OTTUCKWM MONHOM 3yb6HOM

DQl: https://doi.org/10.17816/1728-2802-2022-26-4-287-297

Tabnuua 3. 3HaueHMs MeaMaHbl PaccTOSHUIA MO AaHHLIM COMo-
CTaBNieHus Mofienent B nporpamMme MeshLab

Table 3. Median distance values according to model comparison
data in the MeshLab program

Ha3Banue ckaHepa MepawaHa paccTosHUiA, MKM
Medit i500 41
CEREC Primescan 18
TRIOS 3 29
Aoralscan 3 33
Emerald S mode C 29

AYTW C TOYHOCTbHO, AOCTATOYHOW A8 KIIMHUYECKOro npu-
MEHEHMS.

B pesynbrate aHanu3a nosiyyeHHbIX AaHHbIX 4SS Npe-
MMYLLLECTBEHHOTO WCMOJb30BaHUsA 3apeKoMeHoBan cebs
BHYTPUPOTOBOM CKaHEP C MUHUMarbHOI Cpeay aHanoros no-
rpewwHocTbto no ayre CEREC Primescan AC (Dentsply Sirona,
CLUA), nokasaBwmi NyyLwyo 06bEMHYK TOYHOCTb U Hau-
MEHbLLY0 BESIMYMHY CpeSHeii NOrpeLuHoCTy.

OpHako cnefyeT OTMETUTb, YTO Ha CErOAHALIHUIA [eHb
B YCIOBUSIX CaHKLUMIA psja 3apybexkHbIX CTpaH Ha TeppuTo-
pun Poccuiickon Depepaunn NpUOCTaHOBEHbI MPOAANKM
W TEXHNYECKAs MOJLEPKKA PsALa MHTPaopasbHbIX CKaHepoB,
TOrAa KaK MPOAaXM 1 00CNyKMBaHWE CKaHEPOB DHLKETHOrO
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cerMeHTa [Medit i500 (Medit, H0xHas Kopes) u Aoralscan 3
(Shining 3D, KuTaii)] npoaomxatoTcs.

MpeumnsnoHHOCTb paboTbl ckaHepa Aoralscan 3, KoTopas
ABNSAETCA HauyyLUei Cpefy aHanoroB B LEHOBOI KaTero-
pUM, NaeT OCHOBaHME CYMTaTb [aHHbIA CKaHep Haubonee
AOCTYMHbIM NS paboTbl B YCNOBUAX CTOMATONOMUYECKOro
XMPYPrUYecKoro, OPTOAOHTUYECKOrO WM OPTONeANYEecKOro
npueMa. M3 npemMuanbHbIX CKaHEpOB, y4acTBYHOLMX B UC-
CNefoBaHUAX M JOCTYMHBIX HA CErofHALIHUA eHb Ha CTO-
MaTosorM4ecKoM poiHKe, nnpepoM sensetca CEREC Prim-
escan AC.
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