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MpeacTaBneHo onucaHWe YCOBEPLUEHCTBOBAHHOMO NOAX0AA K MO3ULMOHUPOBAHMIO MUHU-UMMNAAHTATOB B NEPUOA, OPTOAOHTUYECKOrO NevyeHna na-
LMeHTa ¢ aHomanuei nonoxenus sybos MKB-10 K07.3. NpeaioxkeH MeToz, U3roTOBAEHUA U MPUMEHEHUA HABUTALMOHHOTO XUPYPruyeckoro wabno-
Ha No pe3ynbTaTam BU3yasn3aLmMu Ha KOHYCHO-Ny4eBO KOMMNbIOTEPHOW Tomorpadum (KNKT) ans TOYHOTO NO3WULMOHUPOBAHUA MUHU-MMMIAHTaTa
1 OaNbHENLWEro OCyLLecTBeHUa HeobX0AMMbIX OPTOAOHTUYECKMX NepemMelleHuit B NoAHOM 06béme. MoKa3aHo, YTo NPU U3HAYabHOW YCTaHOBKe
MWHWU-UMNNAHTATOB B Hanbonee cTabubHOM MONONKEHUM C y4ETOM BU3yanu3aumm Ha KJTKT cyllecTBEHHO CHUMKAOTCA PUCKM NPeXaeBpEMEHHOM
noTepu CTabubHOCTK, YTO, B CBOIO 0Uepesb, BEAET K yCrelHOMY OKOHYaHUIO JIeYEHUA C MPUMEHEHWMEM KOPTUKabHOW OMopbl.
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A PRACTICAL APPLICATION OF ADDITIVE MANUFACTURING TECHNOLOGY IN
ORTHODONTIC TREATMENT: CASE PRESENTATION
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A new method for positioning mini-implants in orthodontic patients with tooth position anomalies (ICD-10 K07.3) using a navigation surgical template
is proposed. The template is used to position a mini-implant precisely based on the visualization results of cone beam computed tomography (CBCT),
which facilitates safe and dynamic orthodontic tooth movements. CBCT visualization during the initial placement of mini-implants in the most stable
position has significantly reduced the risks of premature loss of stability. Proper placement, in turn, leads to the successful completion of treatment
using cortical bone support.
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BBEAEHMUE INTRODUCTION

MpYMEHEHNE MUHU-MMNNAHTATOB ABNAETCA HEOTbEMNEMOM Ya- The use of mini-implants is a crucial aspect of orthodontic

CTbIO MPAKTUKM Bpaya CTOMATON0ra-opTof0HTa. CKeNeTHbIN aHKopaXk
no3sonseT MMHUMU3UPOBATb 3aBUCMMOCTb Ka4ecTBa iedeHus OT na-
LiMeHTa, NO3BONIAET KOHTPOAMPOBATL IeYeHUE Ha KX AO0M ero sTane u
AaBaTb bosee ToYHble NPorHo3bl [1, 2].

Kntoyom K ycnewHomy npMMeHEeHNI0 MUHU-UMNIHTaTOB B Op-
TOAOHTMYECKOM NPAKTUKe ABASAETCA rPaMOTHOE NiaHuWpoBaHue [3].
[N TOYHOWM YCTAHOBKM MWHU-MMMAAHTaTa B Tpebyemyto Mo3vLmio
[OMKEH BbITb HaNAXKEH MEXaHW3M MEXAUCLUNIMHAPHOTO B3auMo-
OEeNCTBUA MeXAY CTOMATONIOrOM-XMPYPromMm W CTOMAaTO/10rOM-0pTO-
[OHTOM. B cBA3M € 3TUM, MHPOPMALMIO O NONOKEHUN MUHU-UMNNAH-
TaTa uenecoobpasHo nepeaasatb ¢ nomolubto K/KT. Mpu atom Bpay
opToAOoHT Ha K/TKT no3uLMOHMpPYET MUHU-MMMNAHTAT B Ty NO3ULMIO,
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practice. Skeletal anchorage helps to minimize reliance on the pa-
tient's compliance, allowing for greater control of treatment at
each stage and more accurate predictions [1, 2].

In this regard, proper planning is crucial for successful-
ly using mini-implants in orthodontic practice [3]. Additionally,
to properly place a mini-implant in its desired location, it is es-
sential to establish effective communication and collaboration
between the dental surgeon and the orthodontist. For pre-sur-
gical diagnostics and treatment planning of dental implant sites,
CBCT is recommended for analyzing the position and angle of
the mini-implant. CBCT visualization enables the orthodontist
to place the mini-implant optimally for the most effective future
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KOTOpas ABNseTca Hambonee 6aaronpuaTHON ana Byaywmx nepeme-
LEeHWi [4]. LN TOYHOM YCTaHOBKM MUHU-UMMNAHTaTa B 33laHHYHO0 No-
3ULMI0 HEOBXOAMMO Y4ECTb HECKO/IbKO (AKTOPOB: TOUKY BHEAPEHMA
MMWHU-MMMNAHTATa, YroN B CaruTTa/IbHOM OCK U Yroa B rOpU3OHTaslb-
HoOW ocu. PellleHnem 3Toi 3afiaum ABAAETCA WUCMONb30BaHWE HaBWra-
LIMOHHOTO XMpypruyeckoro wabnoHa [5-7].

B HacToALee BpemsA B 0TEYECTBEHHOW U 3apybeHOV OpTOA0H-
TUYECKOW MPaKTUKe NPUMEHAOTCA HaBUraLMOHHbIe WabnoHbl ans
YCTAaHOBKM MUWHU-UMNNAHTATOB C LIeSIbl0 GUKCALMM OPTOAOHTUYE-
CKMX annapaToB A1 HEGHOTo pacluMpeHus. B To ke Bpems, HET cBe-
ZeHWit 06 UCMONb30BAaHUM HAaBUTALMOHHbIX WABIOHOB, KaK pesynb-
TaTa 3Tana NJaHWpPOBaHMA ByayLLMX NepemeLLeHIid, NPX YCTaHOBKe
MUWHU-UMNNaHTaTa. B 3apybexHoit nuTepaType Bonpoc 6e3onacHoro
BHeAPeHUA MUHU-MMNAAHTATOB B ONTUMAa/bHbIe NO3ULMK paccma-
TPUBAETCA Ha NPOTAXKEHUW NOCNEAHUX AecATU NeT. Bbian npeanoxe-
Hbl MPOBOJIOYHbIE, FHYTblE HAaNpasAAoLLMEe, KOTOPbIE 3aKPENAAKTCA
C NOMOLLbBIO NIMraTypPHOM NPOBOIOKM K HECHLEMHOM LyroBoii annapa-
Type. Hanpasnstowas npeacrasaseT coboit HECKObKO Konel, pac-
NONIOKEHHbIX B 06/1aCTV Npeanonaraemoi ycTaHoBKM [8].

Mocne 3aKpenneHUs HanpaBAAoWel NPOBOAWUTCA BHYTPUPO-
TOBasA MPULENbHAA pPeHTreHorpadus, U 3aTem Mo PEHTreHOBCKOMY
CHUMKY OnpeaenseTca MecTo BHeAPEHWUA MUHU-UMNAAHTaTa. TaK ke
yHusepcutetom Aleppo 6bin nNpeanoxkeH MHcTpymeHT AUSOM, co-
CTOAWMMN M3 FOPU30HTANbHOW WM BEPTMKA/JIbHOM YacTel, BbIMYCKHOWM
HanpaBAAIOLLEN 1 YacTU ANA yaepKaHUA NAEHKK. Bce aTn npucnoco-
671eHMA NpeanonaratT UCNo/Ib30BaHNE BHYTPMPOTOBOW NPULIENbHOM
peHTreHorpadvu ana onpeaeneHna TOUKU BHEAPEHNA MUHU-UMMNAH-
TaTa, YUTO HEe NO3BOAAET AaTb OLEHKY PACMONOKEHWIO MUHU-UMNNAH-
TaTa B TPEXMepHOM npocTpaHcTse [9].

KnuHuuyeckoe HabnoaeHue

MaumeHTka H., 36 neT ¢ AMarHo3om «AHOManWUM MONOXKEHUA
3y6o8 (MKB-10 K07.3.)». OHa fana cBoé nHdopmMpoBaHHoe 06po-
BO/IbHOE COFlace Ha OPTOLOHTUYECKOE, XMPYPrMYecKoe NeveHne u
Ha 06paboTKy CBOMX NEPCOHA/bHBIX AaHHbIX.

[nA ycTpaHeHWs aHomanuu nonoxeHuus 3yboB Tpebosanacb
YCTaHOBKa MMHU-UMNNaHTaToB Bio-ray A-1 PL BSS 2.0x14 mm (Bio-Ray,
Biotech Corp., Taipei, Taiwan) B TpeTbeM U YeTBEPTOM CErMEHTaX, B
061aCTV HapyKHOM Kocow NnHuK (puc. 1).

[lnA yCTaHOBKM MUHU-UMMNIAHTATOB NPUHATO PeLLEeHMe UCMOJb-
30BaTb HaBUraLMOHHbINA XMPYpPrudeckuit wabnoH B KayecTse KAkoua
MEXANCLUMNANHAPHOIO B3anmogencTemna. Ana ganbHenwel paboTbl
6b110 HEOOXOAMMO MONYUUTL: aKTya/lbHOE PEHTreHONI0MMYEecKoe Uc-
cnepoBaHme — KJTKT —u STL daiin — pe3ynbtaT CKaHMPOBAHWUA NOAOCTH
pTa.

Mo paHHbIM KJIKT Bpay cToMaTonor-opToAoHT, PYKOBOACTBYACH
Ha/IMYMeM [OCTATOYHOTO KOIMYECTBA KOCTHOM TKaHW, niaHom byay-
LLMX NEePEeMELLEHNI U OKPYKAOLWMMM CTPYKTYpamu, NPousBén nosu-
LIMOHMPOBAHWNE BUPTYaNbHO CMOAENMPOBAHHBIX MUHU-UMNNAHTATOB,
COOTBETCTBYIOLUMX Pa3mMepam BblOPaHHbIX GU3UYECKUX MUHU-UM-
nnaHtatoB Ha KJIKT B nporpamme ImplaStation (ProDigiDent, USA)
(puc. 2). B TpeTbem cErmeHTE MUHWU-UMMIAHTAT PAcnoNOXKeH B 06/1a-
CTW Hapy*KHOW KOCOM IHWUM, NapanNebHO NPOA0AbHOM ocu 3.7 3y6a,
Ha 1,5 mm BecTubynsapHee KopHelt 3.7 3yba 1 Ha 2 MM KOpoHapHee
HUKHEYEeNIOCTHOrO KaHana. B 4eTBEpTOM cermeHTe, Takke B obnactv
Hapy»HOW KOCOM IMHWK, NapannenbHo NpoaoabHow ocv 4.7 3yba, Ha
1,5 MM BecTMbyNApHee ANCTaNbHOMO KOpHA 4.7 3yba 1 Ha 2 MM KOpo-
HapHee HUKHEYEeNOCTHOTO KaHana. [laHHbIi 3Tan Aan BO3MOXKHOCTb
MaKCHMaIbHO TOYHO NepesiaTb CTOMATOOrY-XMpypry MHGOpMaL o o
Tpebyemom NoN0KEHUN MUHU-UMNNAHTATA.

tooth movements [4]. Several factors should be considered when
placing a mini-implant, including insertion point and implantation
angle with vertical and horizontal reference planes. The solution
to this problem is using a navigation surgical template [5-7].

In orthodontic practice, navigation templates are currently
used for mini-implant-assisted rapid palatal expansion. However,
there is a lack of data on navigation templates during the plan-
ning stage for future tooth movements while placing a mini-im-
plant. The placement of mini-implants in optimal positions has
been extensively researched over the past decade. To address
this issue, it has been proposed to use wired bent guides secured
to the adjacent brackets using ligature wire or O ring. The guide
consists of multiple loops helix located in the area determination
[8].

After adjusting the guide, intraoral periapical radiography
is performed to locate the mini-implant position. In addition, the
Aleppo University Surgical Orthodontic Miniscrew Guide (AUS-
OM) was developed to determine the ideal mini-implant place-
ment. AUSOM is a new three-dimensional mini-implant guide
that consists of four components: a horizontal part, a vertical
part, a graduation guide, and a film-holding part. However, all
of these devices require intraoral periapical radiography to de-
termine the insertion point of the mini-implant, which does not
provide a three-dimensional assessment of the mini-implant's
location [9].

Case presentation

A 36-year-old female was diagnosed with anomalies of den-
tal position according to ICD-10 K07.3. She gave her informed
consent to undergo orthodontic and surgical treatment and
process her data. Mini-implants were planned to be placed, spe-
cifically Bio-ray A-1 PL BSS 2.0x14 mm (Bio-Ray, Biotech Corp.,
Taipei, Taiwan), in the third and fourth molar regions along the
external oblique line (Fig. 1).

An interdisciplinary team used a navigational surgical tem-
plate as a guide to ensure accurate placement of mini-implants.
To proceed with planning and treatment, it was essential to car-
ry out CBCT X-ray imaging and scan the oral cavity to obtain an
STL (standard tessellation language) file. The scanners' software
transforms the scan data into STL files, producing a three-dimen-
sional image of the jaws.

Based on the CBCT data, the orthodontist virtually placed
mini-implants using the ImplaStation software (ProDigiDent, USA)
(Fig. 2). This was done by considering the amount of bone avail-
able, the plan for future tooth movements, and the condition
of surrounding structures. In the third molar region, the virtual

Puc. 1 Vcxo0HasA KAUHUYEeCKas KapmuHa
Fig. 1 Preoperative clinical photograph
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Mocne nonyyeHus LMGPOBOro ONTUYECKOrO OTTUCKA Oblna Npo-
BeJeHa ero Koppekuua B nporpamme Autodesk Meshmixer v. 3.0
(Autodesk Inc., USA) 1 cozgaHue KOHTPObHOM MOAENN ANA NPOBEPKU
NOCaAK1 HaBUraLMOHHOTO WabnoHa BHE POTOBOM NOMOCTM.

B nporpamme ImplaStation (ProDigiDent, USA) npousseseHo
conoctasneHne DICOM ¢aiinos u STL dpaiina. ConoctaBneHne npous-
BeZleHO N0 OPUEHTUPOBOYHBIM TOUKAM Ha CreHepUPOBaHHOW NoBepX-
HocTv KNIKT v umdposoit 3D mogenu (pwc. 3).

Mpou3BeaeHa NpPoBepKa U KOPPEKTUPOBKA COMOCTABNAEHUS Ha
aKCManbHOM, KOPOHAapHOM W caruTTanbHOM cpesdax. OpueHTrpom
[N NPOBEPKU U KOPPEKLMUM ABAANNCD MATKUE TKaHM, TaK Kak TBEp-
[ble TKaHW U HeCbEMHble MeTaNIMYeckne KOHCTPYKLMM B POTOBOM
NoNOCTU CO34atoT apTedakTbl (CBEYEHME), 3aTpyaHAOWMe onpeae-
NeHWe rpaHuL, conoctasneHuna. Ha nonyyeHHol STL nosepxHoCTH ¢
MWHU-UMMAAHTAaTaMM U BTY/JIKaMU NPOW3BEAEHO OMnpejeneHue rpa-
HUL, HaBUTaLMOHHOTO WabnoHa. PaccTaBneHbl TOYKU FpaHuL, U onpe-
[enéH nyTb BBeAeHUA WabnoHa. OnpeaeneHa ToNWMHA WaAbaoHa U
33a30p Mexay LWabnoHOM M MOBEPXHOCTbIO OMTUYECKOTO OTTUCKA,
KoTopas onTumanbHo coctasuna 0,1 mm. B wabnoHe cosgaHbl OK-
K/HO3MOHHbIE OTBEPCTUA A1 KOHTPOAA NOCaZKM WabsioHa. B obnactu
60KOBbIX NOBEPXHOCTEN HANPABAAIOLLMX TaKKe cO3aHbl BEPTUKANb-
Hble OTBEPCTUA ANA KOHTPOAA 3arybaeHna MUHU-UMNAaHTaTa 1 bec-
NPEenATCTBEHHOTO BblBeeHMA WabaoHa Nocne YCTaHOBKU MUHU-UM-
nAaHTaToB. Tak KaK B JaHHOM C/ly4ae yCcTaHOBKa TpeboBsasach € AByX
CTOPOH, ObINI0 MPUHATO pelleHne 06beanHUTbL ABe YacTv WwabnoHa
[J/19 YBENMYEHWA MPOYHOCTU KOHCTPYKLMM (pUc. 4).

[anee nonyyeHHbin STL daitn HaBurauMoHHOro WabnoHa
STL daiin mogenu 6binmn 3arpyxeHbl B nporpammy Anycubic Photon
Workshop 3D Slicer Software (Anycubic Technology Co., China) 3D
NpWHTEPa, FAe NpoBefeHO MO3MLMOHUPOBAHWE MOAENW W HaBura-
LUMOHHOTrO WwabnoHa Ha neyatHol nnatpopme. Onepauusa BHeape-
HWUA MWUHU-MMNAQHTATOB NPOBEAEHa MoA, MecTHOW aHectesuel. [lo
HacTynneHua aHectesupytowero sbdexTa nposeaeHa NPUNACcCOBKa
HaBWraLMOHHOrO WabnoHa (puc. 5). Ans BHeApEHUA MUHU-UMMAH-
TaTa Oblna MUCNONb30BaHa MalUMHHAA OTBEPTKA, ¢wm3noaucneHcep
Anthogyr Implanteo LED Implant Motor System (Implanteo® LED;
Anthogyr, Sallanches, France) 1 Xupypruyeckuii NOHWUKaOLWMI yrio-
BOM HaKoHeuyHuK 20:1. MpoBefeHO TPaHCMYKO3HOE BBeAEHWE MU-
HU-MMNQHTaTa B KOCTHYIO TKaHb Yepes HanpasasloLMe HaBurauy-

Puc. 2 o3uyua muHuU-umnaaHmamos Ha K/IKT
Fig. 2 Preoperative CBCT showing virtual implant placement

Puc. 3 Conocmasnerue K/IKT u 3D modenu
Fig. 3 Alignment of a DICOM file obtained from the CBCT scan with an STL file
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mini-implant was placed along the external oblique line of the
mandible, parallel to the longitudinal axis of tooth 3.7, 1.5 mm
vestibular to the roots of tooth 3.7, and 2 mm coronal of the
mandibular canal. In the fourth molar region, the virtual mini-im-
plant was also placed along the external oblique line of the man-
dible, parallel to the longitudinal axis of the tooth 4.7, 1.5 mm
vestibular to the distal root of the tooth 4.7, and 2 mm coronal
to the mandibular canal. This technique makes it possible for the
orthodontist to position the mini-implant optimally.

The digital imaging and communications in medicine (DI-
COM)-STL protocol combines two datasets to create a compre-
hensive 3D model of a patient's teeth. The process involves us-
ing overlapping areas between the DICOM data obtained from a
CBCT scan and the STL data. These overlapping areas are known
as common points and are used to align the two data sets via the
ImplaStation software (Fig. 3).

Soft tissue reference points were utilized to verify and adjust
the alignment on the axial, coronal, and sagittal reference lines.
The reference points were used because hard tissues and non-re-
movable metal structures in the oral cavity produce artifacts that
appear as areas of hyperintensity, making it challenging to define
surface boundaries accurately and efficiently. The navigation tem-
plate's borders were determined using the STL file representing a
3D surface with mini-implants and guiding sleeves. The position-
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OHHOTO WabnoHa nog, BU3yaibHbIM KOHTpONEM 3arnybneHus yepes
CO3/1aHHbIE B HAMPaBAAIOLLMX NPOPE3N.

Mocne 3TOro HaBUraLMOHHBbIM WabIoH BbiBeEH M3 NOMOCTM pTa
MaLMEHTKU, U MPUNACcoBaH WHAMBMUAYaANbHbIA CbEMHbIVA annapaTt —
anaiHep, faHa Harpyska Ha MUHW-MMNAAHTaTbI (puC. 6).

MNaupeHTKe JaHbl CTaHAAPTHbIE PEKOMEHZALMM MO yXoay 3a 06-
NacTbl0 MUHU-UMMNAHTATOB. MONOKUTENBHBIM MOMEHTOM AAS NaLu-
€HTKM ABU/IACb YBEPEHHOCTb B TOM, YTO MWHU-UMMIAHTATbI, YCTAHOB-
JIEHHbIE C WCMONb30BAHWEM HABWUIALMOHHOMO LWAb/MoHa, 3aHUMAtOT
Hau/y4LLEee MOJIOKEHNE U3 BO3MOXKHDIX, @ 3HAUMUT MCHE3AET NCUXONOMU-
yeckuit bapbep — WasALan MHAMBUAYAbHAA TUIMeHa B 061acTH ycTa-
HOBKM, CBA3aHHAsA CO CTPaXOM HapyLIUTb CTabUABHOCTb MUHU-UMNIaH-
TaTOB B NPOLIECCE aKTUBHOW UHAMBUAYANbHOW TUTEHSI.

OBCYXXAEHUE

OpHOW U3 M3BECTHbIX Ha CErOAHALIHMI feHb METOAMK YCTaHOB-
KM MUHWU-MMMIAHTATOB C UCMO/Ib30BAHUEM HABUTALMOHHOM TEXHUKU
ABNAETCA NPUMEHEHWE NPOCTOrO TPEXMEPHOIO CTEHTA U3 HepiKaBeto-
wei ctann no metoguke Felicita AS (2013). MsrotosneHue ocyLecT-
BIAETCA HAa OCHOBE CPeAHe-aHaTOMUYECKMX AaHHbIX, 061acTV BHe-
[APEeHMA 1, B HEKOTOPbIX C/IyYasX, AaHHbIX OPTONAHTOMOrpammsl. Ha
KOHLLEe MPOBO/IOKM BbINoAHAETCA U-06pa3sHblii 3rMb ¢ paccTosaHueM
2 MM MeX Ay KOHLAaMM, 13rvb pacnonoxeH nog yriom B 20° K ocTas-
LUeica NPAMON YacTh NPOBO/IOKM, Ha KOTOPOW MapKMUPYETCA BbiCOTa
YCTAaHOBKM MUHU-UMMIQHTATa? M BbINONHAETCA M3rMb Nog NpAMbIM
yrnom. B uccnenosaHunm cBobogHas 4acTb NPOBO/IOKM YCTaHOBNEHA BO
BCMOMOraTe/IbHY0 MONAPHYIO TPYOKY. KOHTPO/Ib NONOXKEHMA CTEHTA
OCYLLECTBAAETCA NOCPEACTBOM BHYTPMPOTOBOMN NPULLENbHOWN PEHTrE-
Horpadwmu [10]. MpenmyLLecTBOM AaHHOTO METOAA ABAAETCA NPOCTO-
Ta U CKOPOCTb M3rOTOBNEHMA, OAHAKO AAHHAA METOAMKA He ABAAeTCcA
pesynbTaToM TPEXMEPHOro BM3YyaNbHOrO aHanu3a, CnefoBaTesibHO
NoNyYEHHOE MOOMKEHWE TaKKe ABNAETCA YCPEAHEHHbIM, KaK U Npu
YCTaHOBKE MWHU-UMNNaHTaTa 6€3 MCnosb30BaHWA HaBUraLMOHHOW
TEXHUKW. Micnonb3oBaHWe CTEHTA, NPEeACTaBNEHHOIO B JAaHHOM CTaTbe,
HenocpescTBEHHO 3aBUCUT OT HaNUUMA BpeKeT-cUCTEMBI HA MOMEHT
YCTAaHOBKM MWHW-MMMIAHTATOB, YTO LENAET €ro UCNoNb30BaHMe 3a-
TPYAHWUTENbHBIM NPU NPOBEAEHUN IeYEHUA Ha MHOW annapaType, B
OT/IYMe OT NPEACTABAEHHOMO B HALLEM CTAaTbe HaBWUraLLMOHHOIO LWa-
6/10Ha, ABNAIOWEroca pesy/bTaTomM NAaHMpPoBaHUA Ha ocHoBe KJIKT.
MpeacTaBneHHbI HaMK crocob U3roTOBIEHUA HABMFALMOHHOTO Lua-
6/10Ha TpebyeT cpaBHUTENBHO BONbLUMX BPEMEHHbIX 3aTPaT, O4HAKO
NPy 3TOM OT/IMYAETCA BbICOKON TOYHOCTBIO M AONYCKAET AUCTAHLMOH-
HOe B3aNMOAEWCTBME CTOMATO/ONA-XMpPypra U CTOMATO/I0ra-0pPTOA0H-
Ta.

Puc. 4 CmodenuposaHHsIl Hasu2ayuoHHbIU wabaoH
Fig. 4 Virtual template design according to the planned virtual dental
implant placement

ing of the template was determined, along with the thickness of
the template and the gap between the template and the printed
surface model, which was set optimally at 0.1 mm. Holes through
the occlusal surface were added to the template to control the fit.
In addition, vertical holes were created on the template guide's
side surfaces to control the depth of mini-implant placement and
ensure easy removal after placement. Combining both parts of
the template was decided to increase its strength, as template
positioning was required on both sides (Fig. 4).

The next step involved importing two STL files into Anycubic
Photon Workshop 3D Slicer Software (Anycubic Technology Co.,
China) designed for resin 3D printing, one for the navigation tem-
plate and another to prepare a 3D model. Once loaded, the 3D
model and navigation template were positioned on the printing
platform. The mini-implant placement was performed under local
anesthesia. Before the anesthetic started to take effect, the intra-
oral navigation template fitting was performed (Fig. 5). An elec-
tric screwdriver and an Anthogyr Implanteo LED Implant Motor
System (Implanteo® LED; Anthogyr, Sallanches, France) and den-
tal 20:1 reduction implant surgical contra-angle handpiece were
used to place the mini-implant. The mini-implant was placed into
the alveolar bone through the navigation template guides, with
visual placement depth control via slots in the guides.

After removing the navigation template, a removable clear
aligner was fitted closely over the teeth, and loading of the
mini-implants was performed (Fig. 6).

The patient received the usual recommendations for caring
for their mini-implant area. A navigation template offers a great
advantage to the patient by guaranteeing that the mini-implants
are placed in the best possible position. The secure position helps
eliminate any psychological barriers that may lead to poor per-
sonal hygiene around the implant area. Because patients are not
apprehensive about destabilizing the mini-implants during active
personal hygiene, allowing for better oral care.

Puc. 5 BHeOpeHue MUHU-UMNAGHMAMA C UCNO/b308aHUEM HABU2AUU-
OHHO20 Wab10Ha NOO BU3YAsbHBIM KOHMPOSEM

Fig. 5 Placement of a mini-implant using a navigation template under
visual control
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Puc. 6 MuHu-umnagHmam ¢ ocyuecmenéHHoli HenocpedcmeeHHoU
Haepy3Kkoli
Fig. 6 Mini-implant with direct load

B pe3ynbTtate npoBegEHHOrO HAMM UCCNEA0BaHUA NOATBEPKAE-
Ha BO3MOMHOCTb M3rOTOB/MIEHUA W MCMO/Mb30BAaHUA HABUraLMOH-
HOrO XMPYPrMYeckoro wWabnoHa Npu YCTaHOBKE OPTOAOHTUYECKMUX
MUHU-UMMNaHTaToB. C MCMONb30BAHWEM HABUIaLLMOHHOW TEXHUKM
[0CTUraeTca Hambonbluas TOYHOCTb YCTaHOBKM B COOTBETCTBUM C 3a-
NAaHMPOBaHHbIMM Ha K/IKT nosuumamu. 310 nosBonseT usbexatb
OCNOXHEHWM, CBA3AHHbIX C YCTAHOBKOW MUHU-MMMIQHTATOB, A TaKKe
obecneuntb Hanbonee BbIroAHOE NONOKEHNE MUHWU-MMNNAHTATA, YTO
CNocobCTBYET OCYLLECTBAEHMIO N1aHa OPTOAOHTUYECKOTO eYeHus.,

3AKNIOMEHMUE

Mcnonb3oBaHWe HaBUraLMOHHOMO XMpypruyeckoro LwabnoHa
3HAUWUTENbHO YNPOLLAET MO3ULMOHUPOBaHWE, TEM CaMblM CMOCO6-
CTBYA MEXAMCLUMNAMHAPHOMY B3aMMOLEWCTBMIO CTOMATO/10ra-o0pTo-
[IOHTa W CTOMATO/Iora-XMpypra. 370 NO3BOASAET PACLUMPUTL NOKa3aHWA
K MCMO/Ib30BaHMI0O MUHU-UMMNAHTATOB B YCN0BUAX AeduumTa KOCT-
HOI TKaHW. BaKHbIM MOMEHTOM ABNIAETCA MPOCTOTA U BbICOKasA CKO-
POCTb M3rOTOB/IEHWS, @ TaK Ke OTHOCUTENbHO HEBbICOKAA CTOMMOCTb
HABMraLMOHHOTO XMPYpPruyeckoro WwabaoHa. YBepeHHOCTb NauueHTa
B HaAEXHOCTU NPOBEAEHHON MAHUMY/IALMM 3HAUNTEIbHO BO3pacTa-
€T, B pe3y/ibTaTe CHUKAETCA YPOBEHb 061U TPEBOKHOCTM O TOM, YTO
TUrMeHNYECcKUit yxog B 061aCTM MUHU-MMMIAHTATa M MPUEM NULLM He
BbI3OBYT HapyLleHWA ero cTabunbHocTu. LienecoobpasHo NpoBoanTb
YTCTAHOBKY MUHW-MMMIAHTATOB C MCMONb30BAHUEM HABUIaLLMOHHOTO
wabnoHa B ycnoBUAX AepULMTa KOCTHOM TKaHW, 61IM3KOro pacnono-
KEHUA KOPHEt 3y60B 1 APYIMX aHATOMMYECKMX CTPYKTYP K MECTY BHe-
LPEHUA MUHU-MMNNAHTaTa.

DISCUSSION

There are various methods available for placing mini-im-
plants with navigation technology. One of those methods involves
using a simple three-dimensional stainless-steel stent introduced
by Felicita AS in 2013. The stent is fabricated based on average
anatomical data, insertion point, and, in some cases, orthopan-
tomogram data. A U-shaped bend is placed such that the limbs
are 2 mm apart. The U bend is angulated such that it is at an an-
gle of 20° to the vertical leg, the vertical height of the stent is
marked, and then a 'L' bend is given. The free part of the wire is
placed in an auxiliary molar tube during the procedure. The stent
position is monitored using intraoral periapical radiography [10].
The advantage of this method is its simplicity and fast fabrication.
However, this method does not result from a three-dimensional
modeling analysis; therefore, the resulting position may not be
precise, similar to the placement of a mini-implant without nav-
igation technology. Additionally, the stent placement presented
involves the presence of a bracket system at the time of mini-im-
plant placement, making its use difficult when carrying out treat-
ment using other equipment. Our article proposed a new naviga-
tion template based on CBCT planning.

The application of the template allows for the precise po-
sitioning of mini-implants, which helps to avoid complications
associated with their placement. The fabrication method of this
navigation template presented is highly accurate, although it
takes some time to manufacture. This method enables remote in-
teraction between a dental surgeon and an orthodontist, making
implementing the orthodontic treatment plan easier.

CONCLUSION

Navigational surgical templates facilitate accurate mini-im-
plant placement through effective collaboration between ortho-
dontists and dental surgeons. The navigational surgical templates
are affordable, easy to produce, and can be manufactured rapid-
ly. Patients feel more confident about the reliability of the proce-
dure, which reduces anxiety and makes it easier for them to eat
and care for the area around the mini-implant without the worry
of destabilizing it. A navigational template is recommended when
there is a lack of bone tissue or proximity of tooth roots or other
anatomical structures to implant placement.
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