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Summary

With extensive damage of the facial skeleton, multiple bony and soft tissue cicatricial defects
and deformations are formed. Traditional methods of reconstructive are reliably not able to
restore the defects fully. Often the bony structures of the facial skeleton can’t be restored in
one stage. Additional reconstructive surgeries are needed. A problematic situation is the
condition after multiple surgeries in the defect area. Failure of bone grafting is associated with
cicatricial deformities and lack of soft tissue, lack of gingiva, defects in the vestibule and
damaged periosteum. The main problem is constriction and subsequent atrophy and
deformation of the soft tissue in the area of the defect. This complicates further treatment and
often it isn’t possible to restore the bone volume required for a successful dental implantation.
Implant prosthetic rehabilitation in the area of extensive bone defects after a facial injury
requires preparation that is more careful, design and prototyping of the outcome with the use
of computer programs and diagnostic models. Biocompatible materials for dentistry and
maxillofacial surgery are clinically proven and recommended for usage in patients at the
treatment stages. Clinical experience with individual temporary endoprosthesis, so called
"tissue expander", produced by layer-by-layer synthesis (3D-printing) from biologically inert
plastic based on CT data of the patient is presented in this article. The expander is made in the
form of a 3D element to form the required soft tissue volume in the patient for 4-6 months and
is fixed in place subcutaneously, in the area of mandibular frontal defect, using intraosseous
screws. Dental implants were placed laterally on both sides. The following was carried out
intraoperative direct replacement, fabrication and placement in the mouth of a temporary

screw-retained prosthesis.

Keywords: facial trauma; fracture; maxillofacial defect; soft tissue constriction;

endoprosthesis; autosseous plasty of the jaw; dental implantation.
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Introduction

The question regarding the search for the optimal method of defect reconstruction and
restoration of the integrity of the skull and facial skeleton remains topical. The works devoted
to the study of the possibility of facial skeleton reconstruction by free bone autografts with
one-stage or subsequent dental implantation are of interest ['?]. The possibility of obtaining
significant amounts of autologous material is very limited, and the donor is usually subjected
to serious surgical interventions during its harvesting. The most important in autologous bone
grafting is the recipient area, especially after significant traumatic injuries [>*!3!%]. Violations
of bone grafting protocols and lack of soft tissues can lead to autologous bone blocks eruption,
suture discrepancy, and loss of the graft. The key factor of success is the work with tissue
flaps and their passive positioning. With significant bony defects of the face and jaws, the soft
tissues are deformed and not always sufficient to cover the flap. The possibilities of
preliminary volume augmentation and quality of soft tissues in the area of the bone defect are
studied [*!®]. Tissue silicone expanders have been used in oral surgery for quite a long time,
but the result is not always stable [°]. 3D-printing of bioinert materials is actively being
introduced in bone surgery [*7!%]. Positive experience has been accumulated in the use of
bioinert plastic and composite materials objects (experimental animals) [*!7]. In addition, the
most important criterion is the possibility of protecting the augmentation area in the clinic of
dentistry and maxillofacial surgery with temporary prosthetic constructions. This will improve
healing and is a prevention of suture divergence [>'*]. Important criteria are treatment time
and its reduction and the quality of life of the patient, especially for interventions in the
frontal zone of the jaws ['°]. We present clinical experience with the use of an individual
temporary endoprosthesis, the so-called "tissue expander", manufactured using additive
technologies (3D-printing). The expander was fabricated by layer-by-layer synthesis from a
biologically inert plastic to form the required soft tissue volume for a period of four-six
months. In a clinical example the possibilities of 3D-printing as a creation of an individual
temporary endoprosthesis were realized, which allowed to increase the quality of surgical
intervention and optimize conditions for subsequent autologous bone grafting and successful
implantation in the area of the defect. In addition, the possibility of dental implants
installation in the area of the defect and making a temporary screw prosthesis in the shortest
possible time was realized ['!!2]. All this has shortened the treatment period and improved the

patient's quality of life.
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The aim of the research: optimization of anatomical conditions in the area of extensive post-
traumatic lower jaw defect for subsequent autobone grafting, implantation and prosthetics

using 3D-bioprinting capabilities.

Materials and methods

The anamnesis data established: auto polytrauma, with extensive damage to the facial
skeleton bones in April 2021. On April 30, 2021, he was delivered from the accident site to
Sochi Hospital with complaints of asymmetry and pains in the facial area, disorder of teeth
occlusion. Allied specialists examined the patient. Final diagnosis was closed craniocerebral
injury. The patient had a concussion of the brain, bilateral fracture of the zygomatic-orbital
complex. Fracture of the upper jaw in the type of Le Fore 2-3. Fracture of the lower jaw in the
frontal region. Bone defect in the region of teeth 3.4 - 4.3. ICD 10 S02.7. On admission:
general condition is severe. Internal organs were within the physiological norm. Locally: the
configuration of the face was changed due to post-traumatic edema in all areas of the face.
Infraorbital hematomas were on the right and left side. Lacerations of the lower lip was on the
left side, 10 cm long. Oral side: skeletonized lower jaw in the area of missing teeth 3.4 - 4.3,

also pathological mobility of the jaw. The bite is displaced and was classified as open bite.

Surgical treatment. Repositioning, metal osteosynthesis of the upper and lower jaws,
zygomatic-orbital complex with titanium plates. Intermaxillary splinting was made according
to Tigerstedt. Primary surgical treatment and suturing of wounds were done. The patient
underwent a course of anti-inflammatory therapy. The mouth opened within 20 mm. The
patient was discharged under the supervision of a dental surgeon at the place of residence. On
May 14, 2021 in Krasnodar, the patient underwent additional treatment of metal
osteosynthesis of zygomatic-orbital complexes. The cause of the complaint was deformity of
the zygomatic-orbital regions and recurrent diplopia. It was recommended: to solve the
problem of the possibility to eliminate the bone defect in the frontal part of the alveolar part of

the lower jaw - augmentation with the purpose of further implantation and prosthetics.

The patient was admitted to the University Clinical Hospital Ne 1 of the First Moscow State
Medical University named after .M. Sechenov in March 2022. Facial skeleton CT: extensive

defect in the alveolar part of the lower jaw in the area of missing 3.4 - 4.3 teeth (Fig. 1).
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Figure 1. Screenshot of a 3D CT scan of the maxillary alveolar defect of the mandible.

Complaints: absence of teeth on the lower jaw in the frontal aspect, functional and aesthetic

discomfort, difficulty in chewing and difficulties in eating and speaking.

The patient is a doctor by occupation. During the planning stage of the surgery, the following

activities were performed:
. polymeric models of expanders and jaws were investigated,

. the size, insertion path, and fixation zones of an individual temporary endoprosthesis

(tissue expander) are coordinated
. size and number of screws for fixation

. the directions and channels in the endoprosthesis for inserting screws are set in the

software package.
Planned Intervention:

1. Design and prototyping of the intervention on 3D-models, coordination of size, shape,

insertion path, and points of fixation of an individual endoprosthesis-expander
2. Removal of the metal structure.

3. Dental implantation in the lower jaw area. Dental implantation in the lower jaw area of

teeth 35,36 removed and 42,43

4. Installation of an individual endoprosthesis-expander in the region of the lower jaw in

the frontal part of the lower jaw-area of the defect.

5. CAD/CAM fabrication of a temporary implant-supported screw-retained prosthesis
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We made prototypes for planning the surgery - samples of expanders and jaw models,
coordinated the size, the path of insertion and fixation zones of the endoprosthesis, the size

and number of screws for fixation (Fig. 2)

Figure 2. Digital 3D-modeling of the endoprosthesis.
Mock-ups of the jaw and expanders were made:

. Additive technology: SLS (selective laser sintering) - layer-by-layer fusion of polymer
powder with a laser beam. The jaw model is also quite adequately obtained by FDM-printing
(fusing deposition modeling) - layer-by-layer extrusion of polymer thread (filament), for

example, from polycarbonate or ABS plastic.

. Expander fixation was planned with titanium screws to the body of the jaw. sizes 1.5-
12 mm
. Equipment for making layouts: additive unit EOSINT, EOS company (Germany)

. Layout materials: biocompatible polymer powder polyamide 12 (PA2200) (Fig. 3).

Figure 3. Mock-ups of the jaw and endoprosthesis-expander.
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Under endotracheal anesthesia and local anesthesia with 4% articaine the mucosal-periosteal
flap was detached. When making the incision, it was important to preserve the keratinized
area of the attached gingiva in the implant area. The mesh metal construction in the frontal

area of the lower jaw region was removed (Fig. 4).

Figure 4. Skeletonized lower jaw, removed titanium plate, appearance of the defect.

Teeth 35, 36 were extracted, dental implants were placed in the cavity of tooth 35, anterior
root of tooth 36 and 42, 43. Pterygoid I-implant BioLine implants with next coming measures:
36 - 3/75-18 mm 35 - 4/2 -20, 42 - 4.2-22 and 43 - 4.2/22 mm, respectively, were placed into
the dental sockets/

Conical screw abutments with a neck height of two mm were placed in the implants and
covered with protective caps. The individual temporary endoprosthesis, "tissue expander",
was fixed subcutaneously, in the area of the mandibular frontal defect with intraosseous

screws 1.5 mm-12 mm (Fig. 5).

Figure 5. Implants, screw abutments and caps were placed, and the endoprosthesis was fixed.

95



Resorbable 5.0 Monisin Resorba sutures were stithed. Intraoperatively, impressions were
taken using a custom-made spoon and transfer-checks. The bite was determined. Temporary
screw dentures were made in the dental laboratory in 24 hours by CNC milling from PMMA
polymer composite (Fig. 6).

Figure 6. PMMA bridge, which was made by milling.

Direct intraoperative prosthetics was performed, the prosthesis was placed in the oral cavity,

fixed with M1.4 screws to the abutments. The wells of the screws were sealed with A-silicone

(Fig. 7).

Figure 7. View of a patient with a prosthesis in the oral cavity.
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Control radiological diagnostics was carried out (Fig. 8).

Figure 8. Control CT-scan after surgery, implants and expander have been placed.

The patient was referred for rehabilitation. In 5 months, the patient is scheduled to have the
expander removed, autologous bone grafting with bone chips in height, and placement of two

implants in the defect area.

Results

At the stage of surgical intervention, the main difficulties arose in the removal of the reticular
metalwork in the frontal area of the lower jaw. Tooth extraction had to be carried out as
atraumatically as possible. During the implants placing, a previously fabricated polymer
template was used. This allowed to place the implants in the most correct position for the
fabrication of prosthesis, taking into account the significant deformation of the upper and
lower jaws. Individual temporary polymeric endoprosthesis, fixed in the area of frontal defect
of lower jaw with intraosseous screws with significant compression. After slight
immobilization, the flap was passively placed and sutured. No clinical manifestations were
detected in the area of the endoprosthesis. A significant reduction of more than four mm in
height of the intermediate part of the temporary screw bridge was required due to an increase
in the tissue level in the area of the installed expander. The patient noted high quality of life,
restoration of chewing function and aesthetics. Referred for rehabilitation in Sochi. After six

months, removal of the tissue expander, autologous bone grafting, and placement of two
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implants in the area of the defect is planned. Orthodontic treatment on the upper jaw is also
recommended. According to the data provided by the dentists observing the patient, there
were no clinical manifestations in the area of the endoprosthesis during the period from the

operation to September 2022.

Discussion

A progressive trend in maxillofacial and bone surgery is the possibility of personalizing
implantprosthetic structures ['*1¢]. Application of additive technologies for manufacturing
individual maxillofacial implants makes it possible to design and prototype complex solutions
on models, optimize prosthesis fixation systems taking into account elasticity modulus and
bone density. The size and configuration of the "prosthetic body of fixation elements and
orthopedic platforms" is determined by the attending physician or the consilium of specialists.
The parameters for the necessary angulation of orthopedic interfaces are set ['7]. When
implants are on the design stage, it is important to consider the degree of roughness of the
sternal and intraosseous parts of the body and fixation elements ['*]. The hypothesis that
bioinert temporary constructions replacing bone defects prevent soft tissue constriction and
are promising for atrophy, trauma, and post-cancer defects of the jaws has been presented for
discussion ['®]. In the presented clinical case, we relied on the fact of an almost complete
absence of the oral vestibule after trauma and a significant lack of bone tissue in this area,
which will not allow a full restoration of function and aesthetics. Also of great importance in

making the decision was the patient's motivation and age - a young man and a physician.

Conclusion

In the presented case it is particularly important to remove the screws from the expander
without breaking them. This is dictated by the possible positioning of dental implants in this
area at the stage of subsequent autosseous augmentation. The possibility of wider use of
additionally formed soft tissues and passive placement of the flap on the bone augmentation is
realized. The possibilities of personalization of medical approaches in bone surgery allow
making qualitative changes in the work of specialists and, most importantly, reducing the
rehabilitation period and improving treatment results. In order to study the processes of
reparative osteogenesis we analyzed micro preparations of peri-implantation zone tissues. As

a result, the signs of osteo- and fibro-osteointegration were revealed. The obtained data are
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considered as a prerequisite for further clinical trials of the developed protocols of sequential

replacement of jaw defects using 3D-printing.
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