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ABSTRACT

A difficult problem in maxillofacial surgery is the development of methods for surgical restoration of the integrity of
organs and their function. Currently, various surgical methods and materials are used to restore bone tissue defects. Today
in Russia and the CIS countries, titanium plates from Konmet are used for plastic surgery of defects after tumor removal in
the lower jaw.

Using this design allows you to set the jaw in the bite and restore the movement of the lower jaw. However, the flat,
narrow shape of the implant does not restore facial symmetry, does not allow prosthetics with non-removable structures,
and wearing removable dentures creates great inconvenience. Based on this, it is known that in order to provide qualified
care to this category of patients, complex operations are required with the involvement of a group of specialists: orthopedic
dentists, maxillofacial surgeons, internists, etc. - for subsequent rehabilitation, which determines the relevance of the topic.
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AHHOTALMA

CnoxHol NpobieMor YeNtoCTHO-NULEBOW XMPYPTn ABAAETCA Pa3paboTka METOAOB XMPYPrMYeCKoro BOCCTaHOBIEHNA
LIENOCTHOCTM OPraHoOB 1 X GYHKLMN. B HacToALLIee Bpema MPUMEHAIOTCA Pa3inyHbIE XMPYPTMUYECKUE METOAbI 1 MaTepyiabl
IR BOCCTaHOBNEHMA AedekTa KoCcTHOM TkaHW. CeroaHa 8 Poccum n ctparHax CHI npu nnactrke gedekTos nocne yaaneHus
OMYXOMW Ha HVKHEN YENOCTU MCNOAB3YIOT TUTAHOBbIE MAACTUHKM GUPMbl «<KOHMET». ICMONb3oBaHve 3TON KOHCTPYKLMM
MO3BOJIAET YCTAHOBUTL UYetoCTb B MPWKYC Y BOCCTAHOBUTb [BUXEHMe HKHel dentocTy. OHAKO MNockas Helmpokas
dopmMa MMMNaHTaTa He BOCCTaHABIMBAET CHMMETPUIO N1LQA, HE [aeT BO3MOXHOCTb MPOTE3MPOBAHMSA HEChEMHbIMY
KOHCTPYKUMAMK, @ HOWEHME CbEMHbBIX MPOTE30B CO3AaeT OoMbluve HeyaobCTBa. Vcxoaa 13 3TOro M3BECTHO, YTO A4
OKa3aHwis KBanMOULIMPOBAaHHOM MOMOLLM A@HHOW KaTeropum 6obHbIX TPEOYIOTCA CIOXKHbIE onepaLyn C MpuBaedeHem
rpynmbl CNeurancToB: OpTONe0B-CTOMATONOrOB, YEMOCTHO-INLIEBBIX XMPYProB, TePanesToB v T.A. — ANA NocneayoLlel
peabunuTaLmK, UTo U onpeaendeT akTyanbHOCTb NPOBIEMbI.

KnioueBble crnoBa: Onyxonun, HaBralOHHble WabnoHbI, ﬂed)eKTbI n ﬂecbopMaumm, TUTAHOBbIE MMMJ1AaHTATbI.
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RELEVANCE

Removal of a portion of the mandible for the
treatment of neoplasms or diffuse inflammatory
processes in the maxillofacial region (MFR) is
accompanied by the formation of a large bone
defect, leading to functional and aesthetic
disturbances [1,4-7]. The success of mandibular
bone defect reconstruction following surgical
treatment generally depends on the structural
features of the implant replacing the defect,
the immune inertness of the materials, and the
specifics of their interaction with surrounding
tissues [4,5, 8]. Currently, various implants are
widely used to address large bone defects
in the mandible. However, not all proposed
implants allow for the simultaneous restoration
of functional and aesthetic impairments [4-6].

PURPOSE

Justify the effectiveness of the method of
simultaneous lower jaw resection in benign
tumors with replacement of the defect with an
individually prepared implant using navigation
templates.

The extent of the defect is determined
by the number of tissues involved in the
pathological process and their anatomical and
physiological significance for the organism
[9, 10]. The nature of functional disorders and
the timing of adaptation of the affected organ
largely depends on the preserved functional
activity of the anatomical formations. Thus, the
joint head implant, deprived of muscle activity
during adaptation to the cranial fossa, is subject
to unpredictable effects of antagonist muscles.
The forming scar tissue around the implants
negatively affects the lower alveolar vascular-
nervous bundle, provoking neurological
symptoms with local rheological disorders,
forming a defective pathological closed circle,
which contributes to various complications up
to implant rejection [2-4].

During the experimental-constructive stage
of the study, an individual fixing implant for
reconstruction of bone defects of the lower

jaw was studied, which has end parts in the
form of rods located intraosseously and an
arc connecting these rods, placed in a pre-
prepared bed [5]. An individual implant for
replacing complex-shaped bone fragments
from a titanium-based alloy (TiO2) is also known,
containing a shape-changing support base,
made in the form of a wire spiral covered with
a mesh material along its entire length, and a
bonding element with the surrounding tissue
attachedtoit [4]. In extensive mandibular defects,
the use of this implant-endoprosthesis does not
provide satisfactory replacement of the bone
defect and functional interaction with tendon-
muscle tissues, leading to changes in the spatial
relationship of muscle traction axes, changes in
force moments, and disruption of mandibular
biomechanics. All the listed endoprosthetic
implants for replacing bone defects of the lower
jaw are manufactured in a single standard size
without clear individualization according to
anatomical and topographical indicators.

In this work, a mitigating defect was
developed and a method for replacing a defect
in the lower jaw after tumor removal using an
individual combined titanium implant that
ensures the morpho-functional and anatomical-
physiological activity of the maxillofacial organs.

MATERIALS AND METHODS

To develop the design of an individually
manufactured lowerjawimplant-endoprosthesis
(IIT1), volumetric mathematical parameters of
tumor-affected lower jaw tissues obtained
using multispiral computed tomography were
used. When planning mandibular resection
with disruption of bone continuity without
exarticulation, the following were performed to
determine the implant parameters: 1) computer-
mathematical resection of mandibular tissues,
including the tumor; 2) formation of a perceiving
bed at the ends of the defect; 3) applying
the parameters of a symmetrical healthy
tissue obtained by a symmetrical computer
transformation to the resulting defect; 4)
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adaptation of the joint head of the implant to the
joint fossa of the skull and the contact surface of
the implant to the receiving bed of the preserved
jaw fragment. By differentially assessing the
parameters of the resected and healthy part
of the lower jaw, volumetric parameters of the
implant-endoprosthesis were obtained [4].

From 2018 to 2024, 51 patients underwent
surgery. The average age of the patients was
25 years (5 to 40 years), of which 36 (70.5%)
were women and 15 (29.5%) were men. 30
stereolithographic models were made. For the
remaining patients, the study was limited to
obtaining a three-dimensional mathematical
model. Patients were divided into two groups:
the main group 34 (66%) and the control group
17 (34%).

The TOSHIBA company's Aquilion 128
X-ray tomograph was used in the work. After
primary computer processing, the digital
data were converted into STL files (special
stereolithographic format), which were directly
used to create biomodels. The contrast level
for visualizing bone structures separately from
soft tissues during the construction of a three-
dimensional mathematical model of the object
was selected individually in each case. For the
formation of models, the 3D-Systems SLUC-
550 stereolithographic unit (USA) was used.
FPC OKM-2 was used as the initial composition
of liquid monomers. Irgacure 671 was used
as a photoinitiator of radical polymerization.
The obtained products were synthesized on
a "Quantum-60" laser technological unit, the
radiation of which was focused on a D~50 um

a

spot, at a power of 2 to 20 W. For sintering,
a finished titanium powder of the TI-6-Al-4-
VUNSR56400 brand ("Konmet" LLC, Russia) with
a dispersity of the initial powder of ~100 um was
used.

RESULTS AND DISCUSSION

[Tls for replacing the volume defect of the
lower jaw were obtained according to CT data
using a symmetrical computer conversion
by transferring parameters to an automatic
prototyping device. The IITI is a monolithic
hollow-body block made of titanium (Fig. T,
a), it has a lower jaw body with two perforated
fixatives for titanium screws, a jaw angle, a jaw
branch with an anatomical-shaped condyle
process, and a coronal process with a fixative for
the temporal muscle tendon. The outer surface
of the body and branches of the jaw has a groove.
The perforated fixator for titanium screws is
made of two titanium plates with perforated
holes for fixing the implant to the bone tissue.
The articular process of anatomical shape allows
for its insertion into the temporomandibular
fossa and ensures maximum amplitude of
mandibular movement. The branch of the
mandibular implant has a condyloid process of
anatomical shape and a coronal process with a
temporal muscle tendon fixator. The implant-
endoprosthesis has a volumetric configuration
and corresponds to the size of the removable
defect of the lower jaw from the chin symphysis
to the joint fossa of the temporal bone (Figure
1b).

6

Fig.1. Custom made titanium implant: (1. body of the mandible; 2. perforated retainer for titanium
screws; 3. jaw angle; 4. branch of the jaw; 5. anatomically shaped condylar process; 6. coronoid
process; 7. temporalis tendon fixator)
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The volumetric complete design of the
implant allows for the anatomical correct
distribution of the separated muscle fibers
arounditssurfaceduringthe surgicalintervention
and their adaptation, taking into account the
functional orientation, which allows for the most
accurate restoration of muscle activity during
the patient's rehabilitation period. This allows for
the subsequent restoration of dental rows using
dental implants. The proposed design allows for
optimal adaptation of tendon-muscle structures
around the elements of the titanium implant,
which creates favorable conditions for reparative
regeneration, which in general allows for the
restoration of their early functional activity.

da

Furthermore, experimental studies on animals
have shown that using other materials (e.g.,
silicone or plastic) to make an endoprosthetic
implantisinexpedient due to the decrease in the
overall strength of the structure during chewing.
The clinical effectiveness of using a titanium
implant-endoprosthesis in the reconstruction
of mandibular defects has been confirmed by
clinical trials.

Clinical example

Patient H.B,, 17 years old, was in the pediatric
maxillofacial surgery department of the Tashkent
State Dental Institute (disease history 2039/971).
Diagnosis: right lower jaw body tumor (Figure 2).

Fig.2. Tumor of the body of the lower jaw on the right: (a. multislice computed tomography; b. view in
the oral cavity)

After performing computed tomography
using a symmetrical computer transform
by transferring parameters to an automatic
prototyping device, design and modeling of
the stereolithographic model of the lower jaw
were carried out using navigation templates.
During the preoperative preparation process,
a full-size IITI was manufactured. Under
endotracheal anesthesia, a skin incision was
made in the submandibular region, starting
from the angle of the mandible anteriorly
parallel to its lower edge, with a distance of 1.5-2
cm downward. The length of the incision is 8-9
cm. The subcutaneous tissue, the subcutaneous
muscle of the neck with superficial fascia were
dissected. The affected area of the lower jaw was
skeletonized, and the tumor-affected fragment
in the right side of the lower jaw was removed

(Figure 3). Specified diagnosis after histological
examination: mandibular ameloblastoma.

CONCLUSIONS

Using the individually manufactured implant-
endoprosthesis we developed to replace the
defect after removing the volumetric neoplasms
of the lower jaw allows for optimal adaptation
of bone, tendon-muscle, and nerve structures
and restoration of the functional activity of the
lower jaw. The application of three-dimensional
modeling methodology increases the accuracy
of determining the volumetric parameters
of bone grafts and calculating the required
volume of recipient bone chips. Using virtual
and stereolithographic models of the jaw
using navigation templates improves accuracy
and reduces the time required for surgical
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intervention. Intraoperative 3D visualization injury and optimizes the effectiveness of patient

rehabilitation.

of important anatomical structures (vascular-
nervous bundles) minimizes the risk of their

Fig.3. Removal of a tumor-affected fragment in the lower jaw on the right (a. progress of the
operation; b. removed tumor along with a fragment of the jaw; c. orthopantomogram of a patient
after surgery; d. restored dentition)
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KOH®JINKT NHTEPECOB

ABTOPbI 3aABNAIOT, YTO fAaHHaa paboTa, eé
Tema, NpeaMeT U CofepKaHne He 3aTparmBaioT
KOHKYPUPYIOLLNX MHTEPECOB.

NCTOYHNKH PNHAHCHPOBAHNA
ABTOPbI 33aABNAIOT 06 OTCYTCTBUM QUHAHCK-
POBaHMA NPV NPOBEAEHWUM UCCNe0BaHNA.

NOCTYMHOCTb JAHHbIX N MATEPWAJIOB

Bce naHHble, nonyuyeHHble UK NpoaHan3n-
POBAHHbIE B XO/€ 3TOrO UCCIEA0BAHWIS, BKITIOYe-
Hbl B HACTOALLYIO OMYOANKOBAHHYIO CTATbHO.
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