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BIOMECHANICAL EVALUATION OF MANDIBULAR SPLINTING METHOD FOR FRACTURES 
WITHIN THE DENTAL ARCH

Treatment of mandibular fractures remains a pressing issue in maxillofacial surgery. This paper presents a novel single-jaw splinting technique (RF patent No. 

2735258) for the immobilization of bone fragments in fractures located within the dental arch. Mathematical modeling using the finite element method (FEM), based 

on computed tomography data from one volunteer, was performed to assess its biomechanical efficiency. A 3D model of the mandible with the fixation construct 

and an indenter (simulating occlusal load up to 50 N) was constructed. The modeling results showed that the relative movement between the fragments was 

approximately 25 µm, which is comparable with literature data for two-titanium-plate osteosynthesis. The maximum equivalent stress values in the metal splint 

reached 100 MPa, and in the splint these reached 3 MPa. The developed method ensures stable fixation without involvement of the maxilla. The analysis involved 

only a single model and no experimental validation; therefore, confirmation in further research is required. Nevertheless, the obtained data suggest that the method 

is promising as an alternative to existing immobilization techniques.
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БИОМЕХАНИЧЕСКАЯ ОЦЕНКА МЕТОДА ШИНИРОВАНИЯ НИЖНЕЙ ЧЕЛЮСТИ 
ПРИ ПЕРЕЛОМАХ В ПРЕДЕЛАХ ЗУБНОГО РЯДА 

Лечение переломов нижней челюсти остается актуальной проблемой челюстно-лицевой хирургии. В исследовании представлен новый метод одночелюстного 

шинирования (патент РФ №2735258) для иммобилизации отломков при переломах в пределах зубного ряда. Для оценки его биомеханической эффективности 

использовали математическое моделирование методом конечных элементов (МКЭ) на основе компьютерной томографии одного добровольца. Построена 

трехмерная модель нижней челюсти с фиксирующей конструкцией и импактором, имитирующим жевательную нагрузку до 50 Н. Результаты моделирования 

показали, что относительное смещение между отломками составляет около 25 мкм, что сопоставимо с данными литературы по остеосинтезу двумя 

титановыми пластинами. Максимальные эквивалентные напряжения в металлической шине достигают 100 МПа, в каппе — до 3 МПа. Разработанный метод 

обеспечивает стабильную фиксацию без вовлечения верхней челюсти. Анализ выполнен на единственной модели без экспериментальной валидации, 

что требует подтверждения в дальнейших работах. Тем не менее, полученные данные свидетельствуют о перспективности метода как альтернативы 

существующим способам иммобилизации.
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Mandibular fractures hold a significant position in maxillofacial 
surgery worldwide and represent one of the most prevalent 
types of jaw injuries [1]. Treatment of mandibular fractures 
should be aimed at preserving the integrity of the anatomical 
structures and stabilizing bone fragments in a fixed position 
until healing, while restoring the correct occlusal relationship 
and maintaining the proportions of the lower third of the face.

In recent years, surgical intervention using bone fixation 
with various types of bone plates has become widely adopted. 
However, there is debate regarding their rigidity and stability, 
as well as depending on the clinical case: the location of 
the fracture (within or outside the dental arch), displaced 
mandibular fractures depending on the severity of the injury, 
and the increase in the cost of medical services provided [2, 3].

An important condition for the provision of qualified medical 
care is the physician’s level of training and valid manual skills, 
which allow correct screw positioning, a competent approach 
to plate selection considering tissue resources and the type 
of injury, and consideration of the clinical and anatomical 
features of the mandibular structures, including abnormalities. 
In the absence of these factors, dangerous precedents of 
deficiencies in the provision of medical care or harm are 
created, which, under local legislation, may be considered 
a criminally punishable act.

Conservative treatment methods for fractures using 
intermaxillary fixation with dental splints and elastic tension 
are also accepted. Along with a large number of advantages, 
these methods have a number of disadvantages, the most 
significant of which are a marked decrease in oral hygiene and 
the patient’s quality of life during the period of bite fixation [4, 5].

It should be noted that splinting remains a compromise 
method for treating mandibular fractures in areas with low 
population density or complex geographic landscape. 
Moreover, an important role in the care provision protocol is 
played by factors such as the clinic’s material and technical 
resources, the professional skills of healthcare staff, etc.

In terms of prevalence, mandibular fractures account 
for 57–82% of all facial bone fractures [6]. According to a 
large epidemiological study by Morris et al. (2015), fractures 
of the mandibular body are the most common (16.8%) [7]. 
Similar patterns have been reported for the Russian population: 
according to Shashkov et al. (2021) [8], fractures of the mandibular 
body were distributed as follows: in the incisor area — 3.9%, in 
the canine and premolar area — 15.9%, and in the molar area — 
15.3%. Such fractures significantly decrease patients’ quality of 
life, including influencing their socialization and eating habits, the 
alteration of which may worsen the comprehensive rehabilitation 
process. We should also note the deterioration of dental health 
resulting from treatment with splints of previous generations: 
according to the literature, there is an increase in the rate of 
carious lesions of hard dental tissues and inflammatory diseases 
of periodontal tissues, which is associated with difficulties in 
hygiene when using classic dental splints [9, 10].

In this regard, the development of new methods for 
fragment immobilization in mandibular fractures remains an 
urgent problem and requires further solution; therefore, we have 
developed a novel single‑jaw splinting technique for mandibular 
fractures (RF invention patent No. 2735258 dated 29.10.20).

For null hypothesis testing, the use of mathematical 
modeling by the finite element method, widely used in physical 
and mathematical modeling, would be a rational solution. 
Such an approach is an important experimental instrument 
that makes it possible to assess the efficacy of the planned 
treatment method. The main purpose of finite element analysis 
in medicine, as in other fields, is to analyze the effects of force 

on a given structure, evaluate the stability and resistance of the 
structure to pressure, force, and other external influences [11]. 
Today, this method allows us to effectively assess biomechanical 
stability, calculate the stress between bone fragments of the 
facial skull, and their fixation strength in the context of specific 
mandibular injuries [12, 13]. The data obtained that confirm the 
null hypothesis can be transferred into clinical practice without 
fear of adverse effects on biological tissues, thereby increasing the 
quality of skilled care provision in the field of maxillofacial surgery.

This study aimed to perform a finite element analysis of the 
efficacy of a novel mandibular fracture fixation method.

METHODS

Data

Computer modeling and the finite element method (FEM) 
were used to simulate the stress‑strain state (SSS) of two 
configurations of the fractured mandible: with the proposed 
fixation construct and with the conventional treatment 
approach using osteosynthesis, the results of which were 
reported in a previous study [14]. The jaw and teeth were 
segmented on multiplanar reconstruction from dental CBCT 
data (KaVo ORTHOPANTOMOGRAPH OP300 Maxio cone 
beam computed tomography scanner, 312 slices, pixel size 
250 µm) of a volunteer (male, born in 1989) with no pathological 
changes detected in the mandibular region, using a trial version 
of the software (Inobitec PRO 2.10, Voronezh, Russia) (Fig. 1A).

Routine segmentation in three projections was performed 
for each anatomical structure. The contours obtained were 
used to generate a voxel model, which was then converted 
into an STL model (Fig. 1B).

NURBS modeling

Reverse engineering of the STL models was performed in 
SolidWorks (Dassault Systèmes SE, Vélizy‑Villacoublay, 
France). The ScanTo3D utility was used to generate NURBS 
models (NURBS — Non‑uniform rational B‑spline) of the 
mandible and teeth (Fig. 2A). In the STL model of the dental 
arch, each tooth was segmented and converted into a NURBS 
model (Fig. 2B). Using the basic tools of SolidWorks, a linear 
fracture region with a gap of 0.1 mm, corresponding to a 
simple uncomplicated fracture, was modeled between teeth 44 
and 45, along with a pair of temporomandibular joints, a fixation 
construct, and an indenter mimicking food (Fig. 2).

Pre‑processing of the NURBS model for finite element 
analysis was performed in HyperMesh (Altair Engineering Inc., 
Troy, Michigan, USA). A tetrahedral mesh was generated for 
each anatomical structure (two mandibular segments, 15 teeth, 
two temporomandibular joints), the indenter, and the fixation 
construct. Mesh quality was controlled using the Jacobian 
(threshold ≥ 0.1) and Tet collapse (threshold ≤ 0.1) metrics. 
At least 98% of the elements met these criteria; elements that 
failed the test were rebuilt manually. The final mesh contained 
800,604 elements (Fig. 3) [15]. The resulting finite element 
models were imported as orphan meshes into Abaqus CAE 
(Simulia, Johnston, Rhode Island, USA) to assign mechanical 
properties to materials and to set boundary conditions for 
biomechanical analysis of the model [16].

Assumptions and mathematical formulation of the problem

From a mathematical point of view, a static problem in elasticity 
theory was solved in each of the locally homogeneous 
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Fig. 1. А. Interface of the Inobitec PRO software for segmentation of medical images: multiplanar reconstruction with highlighted contours of the zone of ​​interest. 
B. Segmentation result in the form of voxel 3D model of the mandible and dental arch 

А B

Fig. 2. NURBS model of the mandible with the fixing construct and impactor

Temporomandibular joint

 Impactor 
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Fracture line

Wire Mouthguard
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mandibular splinter

Right 
mandibular splinter

subregions of the heterogeneous functional element of the 
model, considering the effect of a moment of force to simulate 
the indentation of the fixed jaw segments into the elastic indenter. 
To connect the jaw segments and teeth, the joints and condylar 
processes, the mouthguard and the wire, multiple contact 
without relative movement was employed, which constitutes 
a critical assumption within the model. Contacts between 
the jaw segments, teeth and mouthguard, and between the 
mouthguard and the indenter were set as tangential with a 
friction coefficient of 0.1 and normal "hard contact" behavior. 
The upper surface of the fixator and the temporomandibular 
joints were rigidly fixed (no degrees of freedom for any node 
on the surface). The masseteric tuberosity regions (Fig. 4, 
highlighted in pink) were kinematically connected at the mental 
protuberance (Fig. 4, RP‑3), to which a moment of force was 
applied, linearly increasing to 500 N·mm (0.5 N·m). An isotropic 
linear elastic material model was used for all materials [17, 18]. 
The mechanical characteristics taken from the literature are 
provided in the Table.

In this study, a deterministic finite element analysis was 
performed; no statistical processing was applied, because the 
analysis was based on a single model.

RESULTS

The finite element method was used to obtain the stress‑strain 
state (SSS) of the mandibular segments with a fracture and a 
fixation construct. It was found that the relative displacement 

in the proposed configuration increases linearly with a linearly 
increasing load. Under a load of 50 N, a relative displacement of 
25 µm was achieved between the fragments. The results were 
compared with those of the two‑plate fragment immobilization 
method in two different configurations [14] (Fig. 5). Outliers on the 
graph are associated with an increase in the solver increment. 
The contact pressure between the fragments is shown in Fig. 6A 
and reaches 2 MPa. In the deformed configuration, the relative 
displacement is marked with a dotted line.

The maximum stress in the entire configuration is 
concentrated on the metal splint (Fig. 6B) and reaches 100 MPa. 
In turn, the maximum stress on the mouthguard is distributed 
over the fracture area (Fig. 6B), reaching a value of 3 MPa.

The finite element analysis has shown that the proposed 
fixation method demonstrates satisfactory displacement 
between the fragments of about 25 µm with a linear increase 
in the indenter load (mimicking food) to 50 N. The relative 
displacement achieved with the proposed method is comparable 
to the displacement obtained from the finite element calculation 
for the fixation construct with two titanium plates.

DISCUSSION

The present study has a number of limitations. First, the finite 
element analysis was performed based on CT data from a single 
volunteer whose clinical and anatomical characteristics met 
the indications for the use of the developed splinting device, 
which does not allow for consideration of anatomical variability. 
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Fig. 3. Finite element model of the estimated area: left — frontal view, right — cutaway model (midsagittal plane)

Table. Mechanical characteristics of the anatomical structures being parts of the segment asessed

Anatomical sructure Young's modulus E (MPa) Poisson's ratio Element type Reference

Bone 15 000 0.3 C3-D4 [19, 20]

Teeth 18 600 0.31 C3-D4 [21]

Temporomandibular joints 10.4 0.4 C3-D4
[22]

Impactor 0.1 0.45 C3-D4

Mouth guard (Ftorax) 1860 0.3 C3-D4 [23]

Wire (aluminum) 71 000 0.33 C3-D4 [24]

Second, the model was not validated in a field experiment, 
either on synthetic jaw models or on biological material. Third, 
the efficacy of the developed splint was compared with literature 
data on condylar process fixation using two plates [14], which 
is not a direct analogue due to the lack of valid literature data 
on similar constructs. Further research involving an expanded 
sample of virtual models and experimental verification is 
required to obtain more reliable data.

As previously stated in the modeling methods, multiple 
contact without relative movement was used for dentoalveolar 
structures, which is justified by the strategy of uniform load 
redistribution over the entire surface of the splinting construct 
and between the fragments.

Rigid tooth–splint contact (μ = 0.1, slip‑free) reflects the 
clinical stability of dental splinting with multiple supports 
(4–6 teeth) in adult patients, ensuring uniform load 
redistribution without relative movement of the fragments 
[25]. Microdisplacement (< 0.1 mm) does not exceed the 
physiological mobility of the periodontium and does not affect 
fracture consolidation. 

All mandibular fracture treatment methods are aimed at 
fixing bone fragments until they fuse and the masticatory 
load provided by several muscle groups is restored. Due to 
the complex anatomy of the mandible, which is determined 
by its functions, the application of forces to the fracture line 
or to the selected fixation system (plates) may inadequately 
affect the restoration of physiological load. Indeed, there is 
ongoing debate in the literature regarding the selection of the 
most appropriate fixation system for each specific case. Some 
surgeons prefer to use mini‑plates and screws, while others 
prefer titanium plates to stabilize fractures, believing that such 
a system ensures sufficient rigidity and minimizes resistance to 
physiological load. Furthermore, two‑jaw dental splints can be 
used for stabilization and fixation of the fracture during healing. 

These splints have a specific design that helps maintain the 
correct position of the jaw and prevents unwanted movement 
or displacement of the fracture. Experimental data obtained by 
Claes et al. [26] using a sheep model of metatarsal osteotomy 
with an adjustable gap size and interfragmentary movement 
show that with a gap of 1–2 mm and interfragmentary 
movement of up to 0.5 mm (500 µm), successful fusion with 
high mechanical stability (bending rigidity > 20 Nm/mm) is 
achieved. The authors note that it is not the quantity but the 
quality of the forming bone callus that determines the healing 
outcome. In our study, the interfragmentary displacement was 
only 25 µm, which is an order of magnitude lower than the 
values at which stable fusion was observed in that study. Thus, 
the results obtained can be extrapolated to our data, as they 
indicate sufficient stability of the developed splinting construct, 
ensuring fracture consolidation.

According to the generalized results of experimental studies 
and clinical trials, when the gap between bone fragments is 
no more than 3 mm, the interfragmentary displacement range 
optimal for stimulation of bone fusion is 0.15–0.4 mm, and the 
threshold exceeded by more than 1.0 mm is associated with 
the risk of fusion failure [26–29]. In our study, the displacement 
of splinters relative to each other under the load of 50 N was 
as small as 0.025 mm (25 µm), which was almost an order of 
magnitude below the optimal range lower limit.

Given the results, the fixation system for the mandibular 
bone splinters should be selected based on the clinical 
anatomy, fracture type, patient’s condition, and the aim of 
surgery. It is important for the surgeon to select the most 
appropriate fixation system, which would ensure the splinters’ 
stability without altering the physiological load on the jaw, 
based on his/her experience and knowledge.

In the study, we used the one-jaw splinting method for 
mandibular fractures we had developed, designed for fixation of 
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Fig. 4. Determination of contact interactions in the Abaqus CAE 6.14 software

Fig. 5. Relative displacement between splinters as a function of the load applied to the mandibular segment 
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fractures within the dental arch, which seems to be an optimal 
solution for the distant regions and FAS, where high-tech 
medical care is not always available in the required quantities 
and with the necessary urgency.

The limits of force applied to various parts of the mandible 
have been reported. Thus, in the symphysis zone the value was 82 
MPa with the mouth closed and 117 MPa with the mouth open, 
which allows one to predict the position of the jaws clenched more 
beneficial in terms of the fracture prognosis [30]. The angle, at 
which force is applied, is of great importance. According to some 
data, the condylar process (in case of direct injury to the body) or 
angle of the jaw is a common area of fracture [31].

In the literature, papers can be found focusing on 
non‑removable treatment techniques, in which, among 
other findings, conclusions are drawn about the advantages 
of splinting constructs for the rehabilitation of patients with 
maxillofacial injuries [32–34]. Nevertheless, despite good 

planning, detailed analysis of force loads, and fracture 
prediction, there is very little information in the literature on 
the finite element analysis of removable appliances. Our study 
showed that the proposed fixation method demonstrates 
satisfactory fragment displacement of about 25 µm with a 
linear increase in indenter load to 50 N, which is comparable to 
the displacement obtained from the finite element calculation 
for a fixation construct with two titanium plates.

Summarizing and generalizing the data, we can state 
that the developed splinting construct is physiological and 
comparable in its characteristics to non‑removable devices. The 
findings of Graillon et al. [35], who concluded that mini‑plates 
have a traumatic effect, altering mandibular biomechanics and 
even leading to more complex fractures, support the method 
we propose. The developed method may be considered a 
promising alternative to existing immobilization techniques, 
provided it is further clinically evaluated.
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Fig. 6. А. Diagram of the contact pressure distribution in the fracture area. Ω₀ — unloaded configuration, Ω₁ — loaded configuration, areas of displacement 
between splinters are highlighted with the dotted line. B. Diagrams of the stress distribution across splinters of the mandible fixed using the construct proposed. 
C. Diagrams of the stress distribution across splinters of the mandible fixed using the construct proposed, and across the teeth  

АB

C

CONCLUSIONS

This paper presents a finite element analysis of the efficacy of a 
novel single-jaw splinting method for mandibular fractures within 
the dental arch. The developed splinting construct ensures 
a relative displacement of the bone fragments of about 25 µm 
with a linear increase in masticatory load to 50 N, which is 
comparable to fixation with two titanium plates and is far below 
the threshold critical for fracture consolidation (150–400 µm). 
This provides reliable apposition of the mandibular fragments 
without involving the maxilla in immobilization. The maximum 
equivalent stress values in the metal splint are 100 MPa, and 

in the mouthguard these reach 3 MPa, which does not exceed 
the tensile strength of the materials used. Immobilization is 
achieved without maxillary involvement, thereby improving 
oral hygiene and the patient’s quality of life during treatment. 
The proposed method may represent an effective and safe 
alternative to conventional osteosynthesis, especially in 
settings with limited access to high-tech surgery and in 
patients with contraindications to open reduction. However, 
validation of the results is necessary in field experiments using 
synthetic and biological models, as well as in clinical trials 
with an expanded sample, to confirm long-term stability and 
optimize the construct.
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