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ABSTRACT

The purpose of this clinical report is to evaluate the clinical performance of customized titanium
implants (PSI) using virtual 3D planning and computer-assisted implant fabrication (CAD/CAM process)
and based on preoperative CT data, the placement accuracy and the risk of postoperative complications.
This work has shown that 3D printed titanium base implants can significantly improve the outcomes of
patients requiring skull reconstruction surgery. By choosing the appropriate design method,
manufacturing process, and implant material, you can get a more accurate procedure, reduce surgery
time, prevent various complications that can occur with the traditional method, and get predictable
results compared to the traditional method.

Introduction

Craniofacial defects have serious functional and aesthetic consequences with negative psychological
consequences. In addition to the reconstruction of the shape (symmetry), functional restoration is essential,
such as protection, cerebral function, improvement of the quality of life through surgical interventions.*®
Cranioplasty is one of the most common surgical procedures and is indicated for restoring the shape and
function of bone defects in the brain skull after trauma, intracranial bleeding or tumor surgery.* **
Reconstructive skull surgery is primarily aimed at restoring basic functions and at the same time preserving
the anatomical features of the skull, such as symmetry and harmony. Skull reconstructive surgery was one of
the first areas where 3D printed implants were put into practice. Modeling has been used in skull
reconstruction for traumatic injuries, congenital disorders, orthogenetic surgery, tumor removal, and
implantology. 3D printing greatly improves and enables preoperative planning, reduces operative time, and
greatly improves biofunctional and aesthetic outcomes**™>.
The computer-aided design (CAD) used to create the intended implant in 3D has a major impact on the
success of cranio-maxillofacial (CMF) surgery, greatly improving efficiency, accuracy, creativity and
reproducibility. The method of bone reconstruction should be safe, economical, time-saving and aesthetically
acceptable.
In addition, with minimal use of foreign material, there should be no or minimal artifacts on
neuroradiological imaging. Using CAD-CAM technology (Computer-Aided Design/Computer-Aided
Manufacturing).
There is increasing evidence supporting the decision to use customized implants (PSI) for primary, secondary
and subsequent treatment of craniofacial defects.'® Based on the patient's CT scan, the PSI is virtually
designed using CAD software and fabricated either by subtraction methods (high-speed milling) or by
additive manufacturing methods.*’%°
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This widely used approach allows complex reconstructions with precise implant fit and aesthetic appearance.
For fixation of implants, miniplates are often used, which are particularly convincing due to their
biocompatibility and osseointegrative properties. With a thickness of only 0.3 mm, excellent cosmetic results
can be achieved with good stability.

Autografts are the so-called gold standard of reconstructive surgical therapy. However, the use of
autologous hone grafts is not without the risk of infection; bone resorption or fragmentation may occur.

In addition, the cranio-maxillofacial area is difficult to reconstruct, especially because of its complex
shape, including different curvature and thickness.'®™ Since autologous bone is not suitable, alloplastic
materials such as titanium (Ti), polymethyl methacrylate (PMMA) and ceramics (hydroxyapatites (HA) or
polymers such as polyether ether ketone (PEEK) are used*?.

In recent years, titanium has been widely used, which is biocompatible material with a low infection rate

Using CAD-CAM technology (Computer-Aided Design/Computer-Aided Manufacturing), implants can be
made from all of the above groups of materials]. There is increasing evidence supporting the decision to
use customized implants (PSI) for primary, secondary and subsequent treatment of craniofacial defects.
Based on the patient's CT scan, the PSI is virtually designed using CAD software and fabricated either by
subtraction methods (high-speed milling) or by additive manufacturing methods.***>

This widely used approach allows complex reconstructions with precise implant fit and aesthetic
appearance.

Case Report

The purpose of this clincal report is to evaluate the clinical performance of individual implants (PSI) made
of titanium using virtual 3D planning and computer-aided manufacturing (CAD/CAM process) of the
implant, and based on a preoperative CT data set and to study the accuracy of placement and the risk of
postoperative complications.

Preoperative parameters took into account pre-existing conditions, including treatment history, medical
treatment, cranial defect etiology, and prior cranioplastic reconstructions.

The intraoperative parameters are the date of the operation, the location and size of the implant, the
surgical steps performed in addition to the duration of the operation to place the implant, any necessary
adjustments to the implant or surrounding tissues, and intraoperative complications.

Postoperative parameters describe information about hospital stay and postoperative course.

These include clinical course and length of hospital stay, time between surgery and postoperative CT scan
preparation, clinical and radiological information about the implant, and complications clinical and
radiological information about the implant, postoperative complications.

A 26-year-old patient applied to the Department of the Maxillofacial Department with a complaint about an
aesthetic defect in the right frontal region. According to the patient, the frontal bone defect was formed due
to an injury at the age of 9 year.

Comprehensive diagnostics was carried out using CT.Individual implant computer-aided manufacturing
(CAD/CAM process) was carried out. Under general anesthesia, a bicranial incision was made after the
flap was folded back, a bone defect was opened on which an individual implant was placed and fixed with
taitan screws, the flap was returned to its place and sutured. After the operation, the period passed without
relief and a control CT scan was performed, the accuracy of implant placement was assessed. After
recovery, the patient was satisfied with the aesthetic result of cranioplasty (flg.1-7).
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Fig. 1la,b,c Photograbh of the patient before surgery, the photo shows deformations in the?rontal part on
the right side
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Fig.4 a,b,c,d bicranial incision was made after the flap was folded back, a bone defect was opened
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Fig.5 a,b,c,d An individual implant was placed and fixed with taitan screws, the flap was returned to its place
and sutured.
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Fig.7.a,b,c Photo of a patient after cranioplasty, the photo shows that the deformity was restored, and a
good aesthetic effect was obtained in the frontal part on the right

Modern computer technology has been widely introduced into the field of thoracic surgery using imaging
techniques such as magnetic resonance imaging (MRI), computed tomography scans, 3D computer
modeling, and the use of 3D printers. This work has shown that 3D printed titanium cranioplasty can
significantly improve outcomes for patients requiring skull reconstruction surgery. By selecting the
appropriate design method, manufacturing process and implant material as appropriate, you can get a more
accurate procedure, shorten the operation time, prevent various complications that may occur when using the
traditional method, and predictive results compared to the traditional method.
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CAD/CAM-h  tpuuwlny wuwwupuwunjws  wbwhunwliwt  hdyjwinikph
oqunugnpénidp nhduyght quiigh hkwnduwujwdpuyht wpwnbkph  Jipuljubqidwi
hudwp

Uwpunht Uhuwhjui!, Uknu Aniphuqui’, @nmpgkt Unhpupyub’®, Ghtw Mnpnujui*

1.Gplwth U.Zkpugnt widut whnwljut pdojuljut hwdwjuwpwuh Jhpupniduljui
unnduwnninghuyh b ghdwstnunwhtt  Jhpwpnidmpjutt  wdphnth  puwuwjunuy,
Zujjuunul.

2. Gphwuh U. Zkpugnt widut ywhnwlwb pdouljut hwdwjuupwuh Jhpupnidulju
unndwwnninghuwjh b phdwstinunwhtt yhpwpnidnipjut wdphnth nngkuwn.

3. Gplhwth U. Zkpugnt wijub whnwlwl pdofulut hwdwjuwpwuh piputh junpngh
b nphdwsunwnuyhtt Jhpwpnidnipjut wdphnth puuwuny, Zujwunw

4. Bplwuh U. Zkpugnt widut ywhnwljub pdojuljut hwdwjuupwih Jhpupniduljut
unndwunn)nghuwyh b gphdwstunwnuwhtt yhpwpnidnipjutt wdphnth wpndtunp, «2kpugh»
rhy 1 hwdwjuwpwbwlwt hhjwinwingh phdwétununuwhtt Jhpwpnidnipyu b phpe-

Ynlynpy-wljuie hhywunnipniuttph pudwudniuph Juphs:

uvoenenru
Quitgh Jhpwjuwiqunqulijut Jhpwhwwnnipniup hhdbwluind ninnus £ hhdtwlwut
gnpdwnnyputph YEpwlwubqudwipn b dhbbnyt dwudwbwl qubgh wbwwnndhwlwb
wnwbdtwhwwnlnipnitubph wwhywudwbp, pusyhuhp Eu  uvhdbnphwt b
ubppuotwlnipjniip:  Quugh JEpwlwbqunnuljut  Jhpwpnidnipniip  wnweht
ninpunbkphg  Jdk4t  Ep, npunbn  Yhpungbkght 3D wwwgpduws  hdwubuwnubpp:
Unpbjuynpnidt oquuwgnpddty £ wpwddwnhl  Juwudwspubph,  puwshu
huwtiqupnidubph, oppngkutwnhl yYhpwpnidnipjut, ninnigph hEnwgdwt b quugh
YEpuljuwbqudwb dke: 3D tnywgpnipiniup qquhnpkt pupbjuynid b htwpwynpnipmnit
E wmwhu twpwhpwhunuljut wiuwbtwynpdwp, Ypdunnd L Jhpwhwnnipjub
dudwbwlp b dJbdwwybu pwpbjuynd L Jhhuwgnpbwnnypuyhtt b Euplnpl
wpryniupubpp:
zudwlwupgswyhtt phquyup (CAD), npt oginuugnpéynid E twppwnbugus hdwjwnp 3D-
nid unbnstint hwdwp, Uks mqnbgnipinit niith qutg-nhuwstunwnwhtt Jhpwhwwnnipjut
hwonnnipjutt Ypw qquiphnpbt pupbjwbny wpnyniu]bnnpiniip, &ogpunipyniip, b
Jhpwpunwnpbjhnipniup: NQuijptph Jepujubqudwt Jkpngp whwp b (hth widunwubg,
hutwynn, dudwbwl jutuynn b bupbnhynptt pugniubih: Zhduiungh CT ujutwynpdwi
hhudwt Jpuw wthwnwljwtwugduws hdyjuunutpp (PSI) gopstwljuinid twhiwgsqus k
CAD éspugpuyhtt wmywhnydwt dhongny b wpunnwunpynmud £ jud pupdp wpugnipjudp
dptqipwyht jud hwyEnudutph wpnwunpnipjut dbkpnnutpny:
Uju Yhthjuwut qtinygh twuwwnwlt b quwhwwnbk] whunwihg wuunpuundwus
withwnwlwi hdypubnubkph (PSI) Yihthjulw wppniu]bnnpmnip oquugnpsting
Jyhpuintwy 3D wjwbwynpnid b hdyuwbwnh  hwdwlwpgswihtt  oqunipjudp
wpununpoipnit (CAD/CAM  gnpédpupwg), b hhdudbnd twhwdhpwhwnwlwi CT
njuutph Jpw, nunidbwuhpl] mbnunpdwt dogpuinipiniup b hEndhpwhwwnwljut
pupnnipjniutiph nhuljp: Uju wphiwwnwupp gniyg k ndty, np 3D mywgpusd nnhwnwth
wihwwinwl hpdyubntbpp Jupnn £ qquihnptt pupbjudt] quigh JEpujubqudwt
Jhpwhwwnnipnit wwhwbgnn hhquunutph wpnnibupubpp:Cunplng
huwdwywnwupiwt nhqujuh dbpnnp, wpnwnpuljut gnpépupwugp b hdyjubnh Wynipq,
htwpwynp E unwbw) wybih dogphnn pupugulupg, Ypdwnk) Jhpwhwwnnipjui
dwdwbwlp, Juwijuk] wwppkp pwpnmipnitubpp, npntp Jupnn Eo wnwowbwg
wjwinuljui  Ukpnngh  Yhpundwh  dudwbwl b jwiuwinbulh - wpynibpbbp
hudbdwnws wjwinuljut dkpnnh htwn:
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IIpumenenne metogoM CAD/CAM u3raToBJeHHBIX HUMIUIAHTATOB /JIsl PEKOHCTPYKIUH
NMOCTTPaBMaTH4YeCKHX JeeKToB J00HOI YacTn Yepena
Maprtun Mucaxsn', Cena Bypunassin®, 'ypren Mxurapsin®’, Auna Iorocsin’

1.IlpenogaBatens kademppl XUPYpruuecKOil CTOMATOJOTHH U YeNIOCTHO-THIIEBOH XUPYPTHH
EpeBanckoro rocyaapcTBeHHOrO MEUIIMHCKOTO yHUBepcuTeTa uM. M. ['epanu, Apmenust.
2.JlonieHT KadeIpbl XUPYPrUIeCKON CTOMATOJIOTUH U YEITFOCTHO-JIUICBON Xupyprun EpeBaHckoro
rOCyIapCTBEHHOTO METUITMHCKOTO YHUBEPCHUTETA.

3.IIpenonaBatens kadeapsl UYETOCTHO-IHUIEBON XUpypruu EpeBaHCKOro TOCYIapCTBEHHOTO
MEJIUIIMHCKOTO YHUBEPCUTETA, APMEHUS

4.1Ipodeccop xadeapsl XHUPYPTUYECKOW CTOMATOJOTHH M YENIOCTHO-JUIIEBOH XUPYPTHUU
EpeBanckoro  rocynapcTBEHHOTO MEAMIIMHCKOTO YHHUBEPCHUTETA, 3aBEAYIOLIUN OTICICHUEM
YEIIFOCTHO-IMIIEBON XUPYpPruu M OOJIE3HEH yXa, ropia M Hoca YHUBEPCHUTETCKOW O0JbHUIBI Nol
«"epauny.

PE3IOME

UYepenHo-nuuesble Ae(eKThl UIMEIOT cepbe3Hble (PYHKIMOHAIBHBIE M 3CTETUYECKUE MOCIECACTBUS C
HETaTUBHBIMH TICHUXOJIOTHYECKHUMHU TMOCJIEACTBUAMHU. B 1omonHeHHe K PEeKOHCTPYKIHU (HOPMBI
(cummeTpun) HEOOX0AMMO (DYHKIIMOHATIBHOE BOCCTAHOBJICHHE, TAKOE KaK 3allHuTa, epeOpanbHas
(GyHKUUMS, yAydlIeHWe KayecTBa JKU3HM IIOCPEACTBOM  XUPYPTUUYECKUX  BMELIATEJIbCTB.
Kpannonnactuka siBisieTcst OIHOM M3 HanboJiee paclpoCTPaHEHHBIX XUPYPrUYECKUX MPOLEIyp U
MoKa3aHa MpU BOCCTaHOBICHUE (OPMBI U (PYHKIUHK KOCTHBIX Je(EKTOB MO3IOBOr0 4eperna Mocie
TPaBM, BHYTPHUCPEIIHBIX KPOBOTECUEHUH MM OIIEpaliii Ha OIyXOJIsX.

PexoHcTpyKTHBHAsE XuUpyprus deperna B IIEPBYIO oOuepeAb HampaBlieHa HA BOCCTAHOBJICHHE
OCHOBHBIX (YHKIIMA C OJHOBPEMEHHBIM COXPAaHEHHEM aHATOMHUYECKMX OCOOCHHOCTEH uyepera,
TaKUX KaKk CAMMETPUS K TAPMOHUSL.

PexoHcTpyKTHBHAsI XMUpYprus depena Obljia OJHOM U3 NEepBBIX 001acTel, I/ie Ha NPAaKTUKE HavyaIn
MPUMEHATh UMILIAaHTAThI, HarleyaTaHHble Ha 3D-npunTepe. MoenupoBaHue HCIOJIb30BaJI0Ch IPU
PEKOHCTPYKIIMM Yeperia Mpu TpaBMax, BPOXKACHHBIX HapyIIEHUSAX, OPTOr€HETHYECKON XUPYpTuH,
yAAJIEHUH OIyXO0JIeH U UMIIJIAHTOJIOTHH.

3D-neyarh 3HAYMTENBHO YIYYIIAeT M MO3BOJIET NPEIONEPalOHHOE IUIAHUPOBAHUE, COKpALIaeT
BpEMsI ONIEPaIlUK U 3HAYUTEIBHO YIy4llaeT OMOpYHKIIMOHATLHBIE H DCTETHYECKHUE PE3yIbTATHI.
Kommnbrorepnoe mnpoextupoBanue (CAD), wucnonmszyemoe Ui CO3aHUSl MPEANIOIAraeMoro
umiutantata B 3D, okas3piBaeT OOJIBIIOE BIMSIHHE HA YCIEX YEPEHO-YETHOCTHO-ITHIECBOIA)
XUPYPTrUH,  3HAYUTEIHLHO  MOBBIMIAS  APPEKTHBHOCTb,  TOYHOCTb,  KPEATHBHOCTh U
BOCTIPOM3BOIMMOCTb.

Lenpto MaHHOTO KJIMHUYECKOTO OTYETa SIBISETCS OLCHKA KIMHMYECKHX XapaKTEPHCTHK
WHANBUIYAJTbHBIX TUTaHOBBIX uMIuIantatoB (PSI) ¢ wucnonp3oBanmem BupTyambHOro 3D-
IJIAHUPOBAHUS U KOMIIBIOTEPHOr0 M3rotoBieHus umiuiantara (nporecc CAD/CAM), a takke Ha
OCHOBe TpeponepaunoHHbIX gaHHbIX KT wnccrienoBaHne TOYHOCTH Pa3MELIEHHS U PUCK
MIOCJICOTIEPALIMOHHBIX OCJIOKHEHUH.

Orta pabora Moka3zajia, 4TO WMILUIAHTaTBl C THUTAHOBBIM OCHOBaHHMEM, HaredaTtaHHble Ha 3D-
MIPUHTEPE, MOTYT 3HAYUTEIBHO YIYYIIUTh PE3YJIbTAThl JICUCHHUS MALMEHTOB, HYKIAIOIINUXCS B
OTIEPALIUH 110 PEKOHCTPYKLIMH Yepera.

BribpaB moaxonfmmii METOJ TPOEKTUPOBAHUS, INPOM3BOJCTBEHHBIA IMpOILECC M MaTepHal
MMIUTAaHTaTa, MOXKHO TIONY4YHTh OoOJjiee TOYHYIO TPOIENypy, COKPATUTh BPEeMs OMNEpaIu,
MPEJOTBPATUTh PA3IUYHBIC OCIOKHEHHUS, KOTOpbIE MOTYT BO3HHUKHYTh IPH HCIIOJIb30BaHUN
TPaJWIIMOHHOTO METOJIa, W TOJYYHUTh TpeAcKazyeMble pe3yJbTaTbl [0 CPaBHEHHIO C
TPaJUIIMOHHBIM METOJIOM.

OTOT MIMPOKO HCIHOJB3YEMBIN MOAXOJ] MO3BOJISET CIOXKHBIE PEKOHCTPYKLUU C TOYHOM MOCaIKOM
WUMIUIAaHTaTa U 3CTETUYHBIM BHEITHUM BUIOM.
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