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ABSTRACT

BACKGROUND: Patients with facial defects require urgent rehabilitation. In addition to the annual increase in the number of
patients with cancer of the maxillofacial region, in recent years, the number of people with shrapnel and gunshot wounds to the
face has increased as a result of local wars and conflicts.

Traditional methods of orthopedic rehabilitation of patients and the manufacture of facial epitheses are quite complex and
lengthy. Postoperatively, the quality of life of these patients sharply decreases, basic body functions necessary for vital activity
are impaired, and patients have poor social adaptation.

Direct application of facial prosthetics in the postoperative period is impossible owing to the lack of appropriate digital modeling
technologies and structural materials for additive or subtractive production methods. Thus, the production of immediate facial
epitheses using digital technologies is an urgent task to improve the social and functional living conditions of patients.

AIM: To develop three-dimensional (3D) modeling technology for additive manufacturing of immediate facial prostheses.
METHODS: The first task was to develop specialized 3D software for modeling defects in the facial area. The functionality
of the program should allow virtual simulation of the missing parts of the face (ear, eye, nose, and orbit). Together with IT
specialists, a digital platform was created using the following programming languages: C++ (for writing the software core and
Ul/UX interaction modules and interacting with the Windows operating system), C# (a complex assembly of the entire project),
Python (for the automated assembly of virtual library modules), OpenGL HSLS (a shader language for graphical visualization of
objects), and C ( creation of functions for interacting with shaders that require high speed).

RESULTS: A specialized computer program was developed for the 3D modeling of prostheses for patients with midface defects
using combined facial scanning and computed tomography data (Computer program. Apresyan SV, Stepanov AG. A program for
3D modeling of facial epitheses. Registration number (certificate) 2023663490, Registration date: 07/04/2023).

Instead of obtaining analog impressions with plaster or silicone material, the developed technology uses a special 3D facial
scanner, which greatly eases the suffering of patients. A virtual 3D database of ears, noses, orbits, and zygomatic bones of
patients of various ages and sexes was integrated into the developed program. This allowed the specialist to select the most
adaptive part of the face to make up for the defect. Built-in modeling tools allowed for the personalization of a 3D model of a
part of the face based on the structural features of the maxillofacial region of a person. The finished 3D model of a part of the
face can be exported in various formats.

CONCLUSION: The developed 3D program for modeling defects helps avoid invasive prosthetics approaches to coordinate the
shape of future structures with the patient. The built-in library of structures with a database provides remote manufacturing
of the prosthesis without the presence of the patient if replacement is needed. Among the undeniable advantages of the
technology, prostheses can be made directly on the day of surgery for the removed part of the face, completely restoring lost
functions and providing rapid social adaptation.
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Pa3pa60'r|<a T€XHO0JIOrUU KOMMNbIOTEPHOro
npou3BoAcCTBa anUTe30B JiULA

C.B. AnpecsH, A.l'. CrenaHos, A.ll. 3paxeBckas, B.K. CyoHuo

Poccuiickuit yunsepcuteT apyx6bl Hapofos umenn Matpuca Jlymym6el, Mocksa, Poccus

AHHOTALMA

06ocHoBaHMe. [lOMMMO €XerojHoOro pocTa Yncna NauMeHTOB € OHKOIOrMYeCKMMM 3abonieBaHNAMM YemioCTHO-NMLEBON 06-
NacTv B MocNneAHue rofbl yBEMUUIOCh KOIMYECTBO JIOLEN C OCKOOYHBIMU W OTHECTPESIbHBIMU PaHEHUAIMU NIULA B Pe3yNb-
TaTe JIOKaNbHbIX BOWH M KOHGAMKTOB. B cBA3M € 3TMM BOMpOC peabunutaummn Takux naLMeHToB CTOUT KpaiiHe 0CTpo.
TpaouumMoHHble METOAbI OPTOMEAMHECKON peabunuTaLmu NauMeEHTOB M M3rOTOBMEHME 3MUTE30B ML — [OBOSIHO CIOMKHbINA
W AyvTenbHbINA mpouecc. B nocTonepaumoHHbI nepuof HablofaloTcs pesKoe CHKEHUE KaYecTBa JKU3HW AaHHOW KaTeropum na-
LIMEHTOB, HapyLLEHWe OCHOBHbIX HEOOX0AMMBIX A4Sl JU3HeLEATENbHOCTY (YHKLMIA OpraHvaMa 1 nioxas coumarnbHas afanTaums.
HenocpencrBeHHoe npoTe3vpoBaHWe UL B MOCTONEPALMOHHOM Nepuoie paHee Obifio HEBO3MOXKHbBIM BBUAY OTCYTCTBUS He-
06X0AMMBIX LIMGPOBLIX TEXHONOMMIA MOAENMPOBAHNA U KOHCTPYKLMOHHBIX MaTepuanoB Ans afaauTUBHBIX MK CYOTPaKTMBHBIX
MeTOL,0B NPOM3BO/CTBA. M3roToBNEHWE HEMOCPEACTBEHHbIX (MMMEAMAT) 3NUTE30B NMLLA C UCMO/b30BaHMEM LIMGPOBLIX Tex-
HONOTWIA ABNSAETCA aKTyaNbHOW 3afa4yel, CNOCOBHOM YNyYLIUTb CoUManbHble U QYHKLMOHANBHBIE YCII0BUS KW3HW NaLMEHTOB.
Llenb uccneposanua — paspabotka TexHonornv 3D-MoaenvpoBaHua Ans aaavMTMBHOTO NPOM3BOACTBA MMMeAMAT-3nuTe-
308B JMLa.

MeToapl. bbina noctaBneHa 3afaya paspaboTKyM CneLManM3MpoBaHHOr0 TPEXMEPHOTO NPOrpaMMHOro obecneyeHms ans Mo-
LenvpoBaHus fedeKToB nuueBoi 0bnactu. OyHKUMOHaNbHbIE BO3MOXHOCTM NPOrpamMMbl LOMKHbI NO3BOMATL BUPTYaNbHO
MOJe MpoBaTh HepocTalolme Yactn imua (yxo, rnas, Hoc, opbuta). [ina cospaHue umdpoBoii nnatopMbl COBMECTHO CO
[T-cneumanuctamu 6b110 NPUHATO peLLeHWe UCMONb30BaTh CeAyHoLLMe A3bIKW MPOrpaMMuUpoBanms: C++ — Hanucauue agpa
nporpaMMHoro obecneyeHns, Hanucanue Mopynen Bammopeiicteus UI/UX, B3auMopencTBue C OMepaLMOHHONM CUCTEMOM
Windows; C# — koMnnexcHas cbopka Bcero npoekta; Python — aBToMaTtuaupoBaHHast cbopKa Mofynei BUpTyanbHbIX O1-
6nmotek; OpenGL HSLS — si3biK weiiaepoB ans rpadmyeckoin Busyanusaumum o6bexTos; C — cospanue QyHKUMiA ans B3aum-
MOLENCTBUSA C LLenaepamMm, TpebYHLLMX BbICOKOI CKOPOCTMW.

Pesynbratbl. PaspabotaHa cneumanmsnpoBaHHas KOMMNbioTepHas nporpamMma ans 3D-MoaennpoBaHus NpoTe30B Yy NauueH-
TOB € AedeKTamu cpefHeii 30Hbl IMLA N0 COBMELLEHHBIM [aHHBIM NIMLIEBOT0 CKAHUPOBaHUS U KOMMbIOTEPHOX ToMorpadum
(MporpamMma 3BM. Anpecst C.B., CtenaHos A.l. lporpamma ana 3D-mMopenvMpoBaHus anuTe30B Ninua. Homep peructpauum
(cBupeTenscTBa) 2023663490, nata peructpaumm: 04.07.2023).

BmecTo nonyyeHus aHanoroBbIX OTTUCKOB M3 TMMNCa WM CUIMKOHOBOIO MaTepuana B pa3paboTaHHOW TEXHONOTWM UCTIONb3Y-
eTca nmueBoin 3D-ckaHep MM AaHHbIE KOMMbLIOTEPHO TOMOrpaduu rofoBbI, YTO B 3HAUUTENBHO CTeneHn oberyaeT cTpasa-
HWA NaumeHToB. B paspaboTaHHyto nporpaMMy MHTErpupoBaHa BUPTyasibHas TpExMepHas basa yLuen, HocoB, 0poUT, CKYNOBbLIX
KOCTEMN NaLMeHTOB Pa3NuyHbIX BO3PACTOB M reHAEPHOW NPUHAIEKHOCTU. 3T0 AAET BO3MOXKHOCTM Creumanucty nopobparb
MaKCUManbHO afanTUBHYI0 YacTb NULA ANS BOCNONHeHUS AedeKTa. BcTpoeHHbIe MHCTPYMEHTLI MOLENMPOBaHMS NO3BONSIOT
nepcoHanusupoBatb 3D-Mofenb YacTu nuua UCX0As U3 0COBEHHOCTEN CTPOEHMS YeNoCTHO-NMLEBOW 0bnacTi Yenoseka. [o-
TOBYIO TPEXMEPHYI0 MOJE/b YacTW UL BO3MOXHO 3KCMOPTUPOBATh B PasfiMuHbIX hopMaTax UK 0TNpaBUTb HEMOCPEeCTBEH-
HO Ha NPOM3BOACTBO METOAOM afAUTUBHBLIX TEXHOOMU.

3akniouenue. PaspaboraHHas 3D-nporpamMMa ans MoAenMpoBaHus AedeKToB Nuua No3sosseT U3bexaTb MHBa3MBHBIX N0A-
XO/10B NpOTE3MPOBaHNA, cornacoBatb GopMy ByaylMX KOHCTpyKUMIA ¢ nauueHToM. BcTpoeHHas bubnvoTeKka KOHCTpyKUMI
c 6a3oi JaHHbIX 0becneunBaeT OMUCTaHLMOHHOE M3roTOBNEHWE NpoTe3a be3 NpucyTCTBUA NaLMeHTa B cly4ae HeobXo0AMMOCTH
3aMeHbl. K HeoCcnopuMbIM NpenMyLLECTBAM TEXHOIOMMM MOXHO OTHECTU TOT (aKT, YTO NPOTe3bl MOrYT U3rOTaB/IMBATLCA He-
NOCpeLCTBEHHO B ieHb ONepaLMm No YAaNeHMo YacTy IMLa, NOJIHOCTLI0 BOCCTaHABAMBasA yTpayeHHble GyHKLMU M obecneym-
Bas BbICTPYIO couManbHY0 ajanTauumio.

KnioueBble cnoea: Ll,VICI)pOBbIe TexHonoruu; 3D-neyatb; NuLEBoe npoTe3npoBaHue; anuTe3bl nLa.
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BACKGROUND

Rehabilitation in individuals with facial defects
requires complex technological stages of treatment
and further psychoemotional adaptation [1, 2]. The loss
of part of the face may be due to oncological diseases,
congenital defects, gunshot wounds, specific lesions
of the maxillofacial region, and suicide attempts [3].
Additionally, according to the World Health Organization,
a child with a facial defect is born every 3 minutes.

Surgical interventions in the maxillofacial region
may cause patients to experience disruption of vital
body functions, such as breathing, digestion, speech
production, etc., which reduces the overall quality of life
and aggravates the psychosomatic status of the patient.
As a result, the social adaptation of patients worsens, and
their ability to work is lost [4-7].

The main rehabilitation method of such patients is
maxillofacial prosthetic repair. Face epitheses are used
to replace facial defects and restore vital functions
of the body. Improved appearance leads to social
adaptation of the patient and normalization of his/her
quality of life [8].

The technological process of producing face epitheses
includes several surgical, orthopedic and dental stages.
A coordinated work of all participants and comprehensive
treatment planning are required to achieve a successful
and guaranteed treatment [5, 6].

Currently, face epitheses are manufactured according
to analog algorithms. At the start of the orthopedic stage
of rehabilitation, silicone impressions are obtained from
the wound surface; this alone already causes extreme
discomfort to the patient. The subsequent stages of
producing a plaster model of the defect and the creation
and individualization of the final prosthesis take several
weeks [9, 10].

The traditional methods of producing epitheses
use platinum-based silicones. When mixing the two
components, the silicone is polymerized, which should
show an elastic and durable structure with a Shore A
hardness of 10-30 [11-13].

The use of digital technologies in the manufacture of
facial prostheses is limited by the lack of software for
three-dimensional (3D) modeling of defects and material
for making an epithesis with the required physical and
mechanical properties. Additive production of facial
epitheses revealed in other studies are non-demanded and
inaccessible owing to the complexity of the technological
process itself and economic inaccessibility of equipment
for everyday dental practice [14, 15].

Thus, postoperatively, the patient is forced to
live with a disfigured face until the epithesis is
manufactured. Suicide attempts have been reported
in such patients who could not withstand the
psychoemotional stress. The fast and high-quality
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production of immediate facial prostheses the patient
can use while waiting for the final design has not been
fully studied. Further study is warranted to search for
a method for direct rehabilitation of patients with facial
defects using digital technologies for modeling and
producing epitheses.

This study aimed to develop a 3D modeling technology
for additive production of immediate facial epitheses.

MATERIALS AND METHODS

In the present study, the primary task was to develop a
specialized 3D software for modeling facial epitheses. The
program functionality should allow for virtual modeling of
missing parts of the face (i.e., the ear, eye, nose, or orbit).
In creating a digital platform, with recommendations from
IT specialists, the following programming languages were
used: C++ for writing the software core, writing UI/UX
interaction modules, and interaction with the Windows
operating system; C# for comprehensive assembly of the
entire project; Python for automated assembly of virtual
library modules; OpenGL HSLS as a shader language
for graphic visualization of objects; and C for creating
functions for interaction with shaders that require high
speed.

The software being developed was expected to
integrate 3D models of facial parts (i.e., the ear, nose,
eye, or orhit) of various shapes and sizes for subsequent
automatic adaptation of virtual epitheses to the wound
surface, with the possibility of manual correction of the
final virtual model. Hence, 287 computed tomographic
(CT) images measuring 15x15 cm were analyzed, whereas
50 images of male and female patients of various ages
with intact facial parts of various shapes and sizes were
selected.

The development of the technology was aimed at
manufacturing direct facial epitheses without preliminary
obtaining silicone impressions from the wound surface.
Writing the program code enables automatic conversion
of the CT image of the patient’s head from the.dicom
to the.stl format for subsequent virtual modeling of
epitheses.

RESULTS

Considering the specified functional requirements, the
3D software “Phoenix 3D” was developed.

The use of this 3D program for modeling defects
avoids invasive approaches to prosthetics and allows
coordinating with the patient regarding the shape
of future structures. In cases of a replacement, the
built-in library of structures with a database ensures
manufacturing of the prosthesis even without the
patient’s presence. Moreover, the advantages of the
technology include the fact that the prostheses can be
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manufactured on the day of surgery to remove part of
the face while restoring completely lost functions and
ensuring rapid social adaptation.

The technology is unique owing to the complete
automation of all processes necessary for the manufacture
of facial epitheses. Obtaining silicone impressions from the
wound surface of the face is not required. To ensure the
process of epithesis modeling, a CT image of the patient’s
head should be exported in the.dicom format. Then, the 3D
model is automatically converted into the.stl format (Fig. 1).

The 3D program includes a virtual 3D database of the
ears, noses, orbits, and zygomatic bones of patients of
different ages and sexes. This enables the specialist to
select the most adaptive part of the face to compensate
for the defect. Following the analysis of 50 CT images of
patients with intact parts of the face, the ears, eyes, nose,
and orbits were selected separately to create a virtual
digital library and for further integration into the Phoenix
3D software (Fig. 2).

After converting CT images into the.stl format, the
defect boundary is marked using the built-in editing tools,
and the desired face model is selected from the virtual
library. The Phoenix 3D program places automatically
a virtual model of the epithesis in the defect area,
considering the presence of undercuts and topography of
the prosthetic bed tissues (Fig. 3).

Then, specialists manually make corrections to the
design using built-in editing tools. Further, a 3D virtual
model of a part of the face is exported in.stl or.obj format,
with subsequent production using additive or subtractive
technologies (Fig. 4).
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DISCUSSION

In recent years, in addition to the annual increase in
the number of patients with oncological diseases of the
maxillofacial region, the number of patients with shrapnel
and gunshot wounds to the face caused by local wars
and conflicts has increased. Thus, rehabilitation of such
patients is extremely relevant.

Traditional orthopedic rehabilitation methods and the
production of facial epitheses are complex and long-
lasting processes. Postoperatively, in this category of
patients, a sharp decrease in the quality of life, decline
of the basic vital functions of the body, and poor social
adaptation are noted.

Direct facial prosthetics in the postoperative period
was previously impossible owing to the lack of the
necessary digital modeling technologies and structural
materials for additive or subtractive production methods.
The manufacture of temporary or permanent facial
epitheses using digital technologies is critical to improve
the social and functional living conditions of patients.

A specialized computer program has been developed
for 3D modeling of prostheses for patients with midface
defects based on combined facial scanning and computed
tomography data (Computer program. S.V. Apresyan,
A.G. Stepanov, Program for 3D modeling of facial
epitheses; registration number (certificate) 2023663490,
dated 07/04/2023). Instead of obtaining analog impressions
using plaster or silicone material, this technology uses
a special 3D facial scanner. The developed program
comprises a virtual 3D database of the ears, noses,

Fig. 1. Conversion of computed tomography data into .stl format in the developed program.
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Fig. 2. Virtual library of nose models of the Phoenix 3D program.

Fig. 3. Automatic adaptation of the virtual nose model to the tissues of the prosthetic bed in the Phoenix 3D program.
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Fig. 4. Appearance of a patient with a nose defect of oncological origin before and after prosthetics with a temporary epithesis made by

3D printing using the proposed technology.

orbits, and zygomatic bones of patients of different ages
and sexes. This enables the specialist to select the most
adaptive part of the face to compensate for the defect.
Built-in modeling tools are useful in personalizing the 3D
model of a part of the face, considering the structural
features of the human maxillofacial region. The finished
3D model of a part of the face can be exported in various
formats or sent directly to production using additive
technologies.

CONCLUSION

The developed 3D modeling technology for additive
manufacturing of temporary facial epitheses enables
manufacturing a facial prosthesis on the day of surgery.
Clinical testing of this technology has confirmed its
efficiency. However, its further implementation into
clinical practice requires more clinical randomized
studies.
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