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Abstract. Biomechanical grounding of the transalveolar osteosynthesis of edentulous mandible fractures.
Idashkina N.H., Hudarian O.0., Chernov D.V., Samoilenko 1.A. The purpose of the work is improvement of the
effectiveness of the mandibular fractures treatment in patients with partial or complete adentia by developing and
experimental testing of transalveolar osteosynthesis technique. An experimental study was carried out by 3D computer
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simulation modeling by the final element analysis to assess the efficiency of mandibular fractures fixation in partial or
complete adentia using the IlI-shaped plate, with transalveolar osteosynthesis method. Calculations of the immobilized
fractures for static (own weight) and dynamic (functional) loads were performed according to the author's method,
taking into account pronounced resorptive processes in the bone from the beginning of the reparative reaction to assess
the rigidity of fragments fixation during the entire period of the fractures healing. Under the conditions of the same
three-dimensional model of the mandible, calculations were performed when the fracture was fixed with ordinary linear
titanium osseous plates. It is proved that at functional load the new plate provides a compression effect in the fracture
region, as evidenced by the negative displacements in the final elements of the mental region according to the results of
design load combination 2-3. The maximum efforts in the screws of the calculation model with a conventional bone
plate were 136.955 N, which is almost ten times more than on the model with a IlI-shaped titanium retainer (12.656 N).

Pedepar. bunomexanmyeckoe 00GOCHOBAHWE TPAHCAJLBEOJSIPHOTO OCTEOCHHTE3a TMEPEJIOMOB MPH aJdeHTHH
HukHeil yemoctu. Mnamkuna H ., T'ynapbsan A.A., Yepnos /I.B., Camoiisienko U.A. [Jens pabomer — nosviuierue
ahhexmusHocmu ieyenus NeperomMo8 HUICHel Yeriocmuy Y NayueHmos ¢ NOIHOU Ul YACMUYHOU adeHmuel nymem
paspabomku U IKCNEPUMEHMANbHOU anpodayuyu MemoouKu MmpaHcaibeeosipo2o ocmeocunmesa. Ilposedeno
9KCHEPUMEHMATIbHOE UCCIeO08AHUE NYMEM KOMIbIOMEPHO20 UMUMAYUOHHO20 3/] MOOenupo6anss Memooom KOHEUHbIX
onemMenmos Olisl OYeHKU dpGexmusnocmu Gukcayuy nepeioma HUNCHeU Yeliocmu ApU YACMUYHOU ULU NOJHOU
aoeHmuu ¢ noMowwio pazpabomannoi Hamu LI-06pasznoil niacmunsl ¢ UCHOIL308AHUEM MEMOOA MPAHCATLECONPHOLO
ocmeocunmesa. Pacuemol 3agpuxcupoeannozo nepenoma 0nsi cmamuieckou (coOCMEeHHblll 8ec) U OUHAMUYECKOU
((QyHKYUOHAbHOU) HAZPY30K BbINOJIHEHbL NO AGMOPCKOU MemoouKe, YUUmvleaoujell GblpadiCeHHble pPe3opOmueHvle
npoyeccyl 8 KOCMU ¢ HAYAIA PenapamusHoll peakyuu 0. OYeHKU PUSUOHOCIU PUKCAYUU OMIOMKO8 8 MeUeHUe 6Ce20
nepuooa 3axcueieHus nepenoma. B ycnosusx mou dice mpexmepHou Mooenu HUNCHell 4earocmu Obliu GblNOIHeHbl
pacuemul npu GuKCAyUU Neperoma 0ObIYHBIMU TUHEHbIMU MUMAHOGBIMU HAKOCMHbIMU NAACMUHKAMU. JJOKA3aHO, Ymo
npu YHKYUOHATLHOU HA2PY3Ke HOBAsL NIACMUHA 0Oecneyusaen KOMNpeccuoHnbvlil dggexm ¢ obnacmu nepeiomda, o
yem CeUOemenIbCmEYIon OMpPUYAmebHble NepeMeujerus 6 KOHEUHbIX JJeMeHmax noobopodouHo20 omoena no
Pe3yIbmamam pacyemos coyemanus Hazpysok 2-3. Maxcumanvhvle ycunus 6 UHMAX pacyemuou Mooeiu ¢ 00bIYHOU
Haxocmuou naacmunou cocmasuau 136,955 H, umo noumu 6 decamv pasz 6orvuie, yem Ha mooenu ¢ IlI-oopaznvim
mumarosvim urxcamopom (12,656 H).

Year after year, maxillofacial injuries demon-
strate the dynamics of growth, primarily due to road
accidents, industrial injuries, the spread of a zone of
hybrid hostilities. Among all injuries of the
maxillofacial area, the proportion of mandibular
fractures (MF) is 74-95% of cases [6].

Despite the development of modern methods of
treatment of MF, their choice in patients with
complete or partial adentia causes some difficulties
and remains the subject not only of purely scientific
discussions, but also a significant practical problem
that needs to be addressed urgently [11].

It is well known that a device for the treatment of
MF should provide reliable fixation of fragments
and maintain it until consolidation. According to
experts, such requirements are met by titanium
miniplates for bone osteosynthesis of the mandible
(M) according to M. Champy (1985) [14]. The
success of treatment depends on the precise location
of the plate, additional stability of the plates is
provided by the dynamic compressive forces that
occur during functioning the M, but to overcome the
current torsional forces require two or more plates,
which increases the trauma in surgical intervention
and probability of possible complications [3].
Another area of ensuring the stability of post-
operative fixation is the involvement of additional
orthopedic support after surgeries on osteosynthesis
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for MF [2]. Additional immobilization is usually
performed using dental bimaxillary splinting, which
requires the presence of at least three stable teeth on
each of the bone fragments and a fixed bite on the
antagonist teeth [4]. In the case of partial or
complete adentia, this type of fixation becomes
impossible, which requires surgeons to involve an
individual approach to the choice of treatment. In
such circumstances, the refuse of a single algorithm
for managing patients, unfortunately, leads to an
increase in the total number of complications [6]. In
Ukraine, plates of complex geometric configuration
(triangular and rectangular, w-shaped, etc.) are
becoming more and more popular, which correspond
more to the anatomical structure of the M and are
justified from the standpoint of biomechanics, but
the question of their use remains debatable [3].
However, in patients with adentia and significant
atrophy of the M, there is a high risk of injury to the
mandibular nerve during fixation of the miniplate
with screws, which limits the use of surgical
techniques for the treatment of MF. Often in clinical
conditions, the so-called "functional" methods of
treatment are preferred, which involve the rejection
of any surgical interventions, being the subject to
criticism of the experts [9]. Therefore, osteosyn-
thesis with the involvement of short screws is beco-
ming an increasingly common method of treating

Licensed under CC BY 4.0
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MF in patients with complete or partial adentia.
Such forced "minimalism" does not contribute to the
stability of osteosynthesis. Some authors envisage
the solution of this problem in the involvement of
massive titanium plates, which are located along the
entire body of the M "from corner to corner", which
increases the trauma of the operation and threatens
the development of numerous inflammatory
complications [15].

At the department of oral surgery, implantology
and periodontology of the SE “DMA”, a bone plate
was developed for osteosynthesis of the M with
transverse petals to ensure stable fixation of frag-
ments [5]. However, this design was used for
extraoral osteosynthesis, which is significantly in-
ferior to less traumatic intraoral techniques [10].

In recent years, it has been proven that more
intensive formation of new bone tissue occurs in
cases of osteosynthesis of the M at the level of its
alveolar part, while after synthesis in the lower edge
of the M, consolidation of fragments is slower and
occurs with significant formation of callus [1]. In
our development we tried to maintain the benefits
associated with intraoral access and transalveolar
fixation of M fragments, and to keep the fragments

from secondary twisting. Having determined, as
some authors insist [13], that only under the
conditions of lingual fixation it is possible to keep
fragments from rotation, we tried to provide lingual
stabilization and avoid difficulties with fixing the
device from the lingual side.

The aim of the work is to improve the effec-
tiveness of MF treatment in patients with complete
or partial adentia by developing and experimental
testing the method of transalveolar osteosynthesis.

MATERIALS AND METHODS OF RESEARCH

Based on the biomechanical features of
displacement of fragments and the solution of
general problems that arise after repositioning and
fixation of fragments of the M, at the department of
oral surgery, implantology and periodontology of the
SE “DMA” an innovative method of transalveolar
osteosteal osteostenosis treatment of MF in patients
with complete or partial adentia was developed
(Patent of Ukraine for invention Ne 120811) [7]. The
developed plate consists of a base tape and petals
located with it in one plane. A general view of the
development is shown in Figure 1.

Fig. 1. Schematic view of the IlI-shaped plate for osteosynthesis of the M in partial or complete adentia:
1 — jumper, 2 — transverse petals, 3 — series of fixing holes, 4 — triangular slots

Intraoral access should be used to fix the IlI-
shaped plate: an incision is made along the crest of
the M, after detachment of the mucoosseous flap, the
jumper of the plate is adapted as tightly as possible

21/ Vol. XXV1/ 1

to the lingual surface of the M and transverse petals
are bent to the M crest so, that the structure covers
the M crest as clamp and the holes for the locking
screws are located in front of the jumper, which in
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such circumstances works by the principle of
brackets. The petals are fixed with screws. The
petals should be located on both sides of the crack at

a distance of at least 2-3 mm from it. If necessary,
the plate petals are additionally fixed with vertical
screws along the crest of the M (Fig. 2).

Fig. 2. Appearance of fixation of the IlI-shaped plate on the crest of the M on the model

Evaluation of the efficiency of MF fixation using
our developed Il-shaped plate by the method of
transalveolar osteosynthesis in partial or complete
adentia was performed experimentally on a
computer three-dimensional model by the finite
element method (FE) using the software package
"Lira 9.6" (license number 92066390, license
N 1/398 for the transfer of the non-exclusive right to
use the LIRA® software package, Ukraine). This 3D
— CAD program for engineering design allows to
determine with high accuracy the distribution of
local stresses, the direction and range of defor-
mations in individual volumes and points (nodes) of
the model, its degree of safety and failure features
under ultimate stresses.

The computer model of the M was created
according to the anatomical structure, taking into
account the generally accepted geometric mean
values. To solve the tasks, the state of complete
adentia was modeled, and the thickness of the
cortical and spongy bones of different jaw zones was
taken into account. Fractures of the M body were
created according to the typical localization. For
maximum approximation to clinical conditions during
the calculations of the fixed MF, the resorptive
processes in the bone from the beginning of the
reparative reaction and the presence of granulations
just before the maturation of bone tissue were taken
into account, so it was assumed that the fragments do
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not touch the entire surface and create only point
contact above the lower edge of the M [12].

The calculation was performed for the following
loads: Load 1 — constant from the own weight of the
FE, taken into account by the program automatical-
ly; Load 2 — vertical load on the M from chewing in
the area of the angle opposite to the fracture; Load 3 —
vertical load on the M from biting in the area of the
frontal axis of the chin. Also for calculation the
following combinations of loadings (CL) were set:
Combination of CL 1 — constant from own weight
Load 1; Combination of CL 2 — constant from own
weight Load 1 and from Load 2 on the M from
chewing; Combinations of CL 3 — constant from own
weight Load 1 and from Load 3 on the M from biting.

To estimate the distribution of forces and stres-
ses, we used the color scale of the program "Lira
9.6", which has colors from dark blue to bright red,
each color corresponds to a specific pressure level.

A three-dimensional model of the retainer with
screws with the imposition of a FE grid with some
conditional simplification of the form was also
created (Fig. 3).

To fill in the data on the bone tissue of the M,
empirical formulas given by A.N. Chuiko, M.S. Dra-
homyretska et al. were used (2011) [8]: the modulus
of elasticity was calculated by the formula:

E=2195 p3,
resistance limits (allowable bone tissue stresses):6=60 p?,
where E — modulus of elasticity, p — density of bone tissue.

Licensed under CC BY 4.0
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Note. Screws are shown in red color (indicated by arrow).

Fig. 3. Calculation three-dimension model of retainer with screws

The characteristics of titanium retainer and
screws were taken according to ASTM F67 as for
Grade 3. Under the conditions of the same three-
dimensional model of the M, calculations were
performed when fixing the fracture with ordinary
linear titanium bone plates according to M. Champy
(1985). The efficiency of the proposed technique
was evaluated by comparing the digital data ob-
tained during the experimental study and comparing
the mosaics of isopoles of the finite element grid
under the influence of load.

RESULTS AND DISCUSSION

The analysis of displacements along X, Y, Z
from CL showed a uniform distribution of stresses

and forces in the FE of the retainer and the M both
under the influence of its own weight and during the
functional load (biting and chewing). The calculated
combination of constant loads from the own weight
of the FE along the X axis showed that for almost all
FE of the M body the main displacements occurred
in the lingual direction, to a lesser extent — in the FE
of the coronal and cervical processes and only in the
FE of the alveolar part of the M — in the vestibular
direction. However, they were quite uniform, balan-
ced and had no critical values (Fig. 4).

[ 1
579005 6.07e007

epoeaii 0 X(G)
e - 01

T ]
607007 608005

Fig. 4. Displacement along X from CL 1
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A similar picture was established when analyzing
the displacement in the FE along the Y and Z axes.
Thus, we can say that the retainer stabilizes the two
fragments of the jaw and restores the anatomical
continuity of its structure, due to which there is a
uniform distribution of forces and stresses in the M.
However, when comparing the isopoles of the
displacements along X, Y, Z from CL 1 in the case
of using a conventional plate, significant stresses
were established in the fixing screws of the struc-
ture, which was not observed in the case of using a
retainer. Also, for displacements along the X-axis
for CL 1 in the case of fixation of MF with a normal
bone plate, there were no negative displacements in

the FE of a large fragment in the chin area, this state
in clinical conditions will contribute to the diver-
gence of fragments in the horizontal plane, unlike
the case with Ill-shaped plate, where there was a
compression effect, which was indicated by negative
displacements in the CE of the chin area. The same
regularities were established during the analysis of
displacements along X, Y, Z from CL 2. However,
the fact that in case of fixing of MF by a usual bone
plate, limiting stresses arose not only in fixing
screws, but also in the plate with registered negative
displacements, which in clinical conditions can lead
to deformations of the structure and deterioration of
its stability (Fig. 5).

10395 -0.0329 -0.0263 -0.0198 -0.0132

semeennii no Z(G)
1ePEHILE - MV

]
2.86e-005 0.00287

-0.00658

Note. *red color of the locking screws indicates that they exceed the maximum allowable stress (indicated by an arrow)

Fig. 5. Displacement along Z from CL 2

The dynamics of isopoles during the functional
load of the M was the most significant. The cal-
culation of the vertical load on the M from biting
food in the area of the frontal axis of the chin also sho-
wed a uniform distribution of stresses and forces in the
FE of the retainer and the M for the I1I-shaped plate
and negative displacement in the FE of the chin, indi-
cating the presence in a new fixing device of compres-
sion effect even during functioning of the M (Fig. 6).

When analyzing the forces in the screws that fix
the Ill-shaped plate, it is necessary to emphasize
their minimality and homogeneity. The forces in the
screws are insignificant and do not exceed the
bearing capacity of the connection. On the contrary,

214

similar calculations for a conventional miniplate
have shown an increase in the forces in the fixing
screws, which can lead to their fragmentation and
instability of the entire “bone-fixator” system. The
maximum Qy efforts in the screws of the
computational model with the usual bone plate were
136.955 N, which was almost ten times higher than
in the model of transalveolar osteosynthesis (Qy for
the W-shaped retainer was 12.656 N).

Thus, the calculations confirmed the effecti-
veness of the developed technique of transalveolar
osteosynthesis using a IlI-shaped titanium retainer
and proved its advantages over traditional
miniplates.

Licensed under CC BY 4.0
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Fig. 6. Displacement along X from CL 3

CONCLUSIONS

1. Developed a new transalveolar fixation
system for intraoral osteosynthesis in patients with
MF and partial or complete adentia provides
stable fixation of the M fragments and allows for
early functional loading of the M to prevent
inflammatory complications.

2. Substantiation of the method from the stand-
point of biomechanical properties of the system
"bone-fixator" proved the advantages of the device,
especially under functional load, when the design of
the plate provides a compression effect in the area of
MF, as evidenced by negative displacements in FE
of the chin area by the results of CL 2 and CL 3.

3. The displacements and deformations of the
calculation model established in the experiment with
the proposed retainer for all load combinations do
not have a traumatic effect on the regenerate.

4. Given the above, a new concept of minimally
invasive surgery of MF using transalveolar osteo-
synthesis, which reduces the volume of intraope-
rative trauma, provides stable fixation of bone
fragments at all stages of reparative osteogenesis and
early functional load to minimize complications
during treatment can be recommended for extensive
clinical practice.

Conflict of interest. The authors declare no
conflict of interest.
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