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Abstract— In the last two decades, the use of osteosynthesis miniplate has been growing to aid the healing process and reconstruction 
of fractured mandibular bone. In principle, the plate is used to provide stable fixation of the fractured bone tissue during the healing 
process and reconstruction. Based on earlier studies, it is noted that arrangements and geometry of the osteosynthesis miniplate 
played a critical role in determining the stability of the fractured mandibular bone, as well as the miniplate. In this research, a 
simulation with finite element method (FEM) was carried out to investigate the influence of the number of holes in an osteosynthesis 
miniplate on the stability of fractured mandibular bone and the corresponding miniplate after the implantation. For this purpose, a 
set of osteosynthesis miniplate with three different configurations was taken for simulation using a three-dimensional (3D) model of 
mandibular bone generated from the patient through computed tomography (CT). The result of the simulation showed that all the 
miniplates with three configurations tested were stable enough to prevent movement of fractured mandibular bone. Moreover, 
fixation with a pair of miniplates having four screw holes demonstrated the desired result; as indicated by the lowest value of 
displacement, pressure on the bone surface and pressure on the miniplate. 
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I. INTRODUCTION 

Technology for treating bone fracture has been growing 
continuously since more than 5000 years ago [1]. At the 
ancient time, natural ingredients such as oil and honey were 
used to treat patients with several cases of fractures. Later, 
the Greek physician, Hippocrates, introduced horizontal 
wiring technique to realign the fractured bone with cerate to 
keep the fractured bone remained at its position. This 
technology had been used for the last five decades when the 
internal fixation-based miniplate was first introduced. Since 
then, techniques for treating fractures are further developed 
to reduce the healing time and to improve the outcomes of 
surgery. 

Up till now, fracture of a mandibular bone is one of the 
major concerns in oral surgery as well as in their relevant 
research [2]. Complexities of mandibular bone geometry led 
to the difficulties in generating the model of this bone for a 
numerical simulation study. In the last two decades, the 
emergence of imaging technology, such as computed 
tomography (CT) or magnetic resonance imaging (MRI), 
had led to significant advancements in medical technique 
development [3]. 

 This technology has been highly developed and reliable 

for various needs in the medical application. Imaging data 
allows the surgeon to develop the treatment procedure in 
even more complicated conditions [4]. To date, medical 
imaging data is most commonly used in branches of surgery 
involving the musculoskeletal system, such as oral and 
maxillofacial surgery, traumatology, and orthopedic surgery. 
The CT data can then be used for the fabrication of drill 
guides, saw guides, and patient-specific implants [5]. The 
CT image also represents an advance with regard to the 
various stages of reconstructive surgery planning, but also in 
the production of prototype surgical instruments, 
Maxillofacial prostheses, and surgical guides [6]. 

In this case, data of particular bone from a patient 
retrieved from CT or MRI scanning are used in the 
simulation with finite element method (FEM) [7], [8]. With 
FEM, the effect of mechanical loading on the complex 
mechanical behavior of mandibular bone can, for instance, 
be simulated and predicted [9], [10]. 

In an attempt to design a miniplate for osteosynthesis with 
optimum performance, FEM could be used to deal with the 
challenge in overcoming the complexity of mandibular bone 
geometry. Basically, in their application, an osteosynthesis 
miniplates should be able to provide stable fixation for the 
fractured mandibular bone, so that an excessive motion of 
fractured bone that may cause delayed healing process could 
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be avoided [11]. A proper fixation should be able to keep the 
fracture gap below its critical value. Nowadays, clinicians 
established a maximum acceptable fracture gap of 1 mm 
before reconstruction to allow bone recovery. A larger 
fracture gap will lead to secondary bone healing and the 
formation of a fibrocartilaginous intermediary bone callus 
[12]. With a proper fixation, the formation of callus bone 
could be minimized [13]. The presence of external callus 
indicated an improper healing process and could lead to a 
slower the formation of new bone at the fracture site. 

Basically, mechanical interlocking between fragments or 
surface of fractured bones contributed to stabilizing the 
fixation. However, mandibular loading which can lead led to 
mechanical interlocking of the surface of fractured bone 
could hardly be predicted. Therefore, an osteosynthesis 
miniplate is needed to stabilize the fixation and achieve 
primary bone healing of the fractured bone [14]. Moreover, 
to improve the healing process, a two-miniplate 
configuration is required [15], [16]. 

In this research, a simulation with finite element method 
(FEM) was carried out to investigate the influence of the 
number of holes in an osteosynthesis miniplate on the 
stability of fractured mandibular bone and the corresponding 
miniplate after the implantation. In addition, as the miniplate 
may behave differently under tension and compression loads, 
the number of screws used for the implantation of this plate 
should be determined appropriately [17]. 

II. MATERIALS AND METHODS 

In this research, a set of osteosynthesis miniplates with 
three different screw configurations were used in the fixation 
of fractured mandibular bone. All these configurations were 
simulated by using finite element method (FEM) to evaluate 
(1) stability of fixation and (2) pressure distribution on the 
miniplate. The three configurations, namely MF-42, MF-44, 
and MF-24, could be distinguished from the number of 
screws used to implant the miniplate and the arrangements 
of the miniplate on the fractured mandibular bone. In MF-42 
configuration, a miniplate with four screws were applied at 
the top location in the mandible, while a miniplate with two 
screws was implanted below the 4-screws miniplate. In MF-
44 configuration, both the top and bottom miniplates were 
designed with four screws. Finally, in MF-24 configuration, 
a miniplate with two screws was implanted at the top 
location in the mandible, while the one with four screws was 
placed below the 2-screws miniplate. These three 
configurations applied to minimize the fracture gap on 

parasymphyseal side of a 3-dimensional (3-D) mandibular 
bone model, based on Champy’s line [18]. 

A. Model Generation 

In this research, a 3-D mandibular model was generated 
from CT scan images of a patient with a mandibular bone 
fracture. The image of the mandible was separated as a 
single mask through extraction of ROI (region of interest). 
3-D stereolithography (.stl) file format model was used with 
a triangular mesh that was generated based on the previously 
created masks for surface representation in a solid mandible. 
Once the CT-scan image was converted into a .stl file, the 3-
D mandible could be reconstructed into a single unit of 
surface. Afterwards, fracture of mandibular bone was 
modeled by using Autodesk Meshmixer 3.2 (Autodesk, 
USA), by separating the model into two bone pieces with 
fracture line. Smoothing and re-meshing were also applied to 
produce high-quality images of triangular meshes.  

Fixation of fractured mandibular bone with osteosynthesis 
miniplates was modeled by using Inventor Professional 2017 
and Fusion 360 software (Autodesk, USA). At this step, the 
miniplate was placed at the surface of a 3-D model of the 
mandible by using Inventor Professional 2017. Screws were 
also inserted into the bone model and miniplate; making two 
fragments to be fixed together during the FEM simulation. 

B. FEM Modelling 

In this research, the simulation was carried out by using a 
FEM software, i.e., Abaqus (V6.11, Dassault Systems, 
Cedex, France), to create tetrahedron meshes in the model. 
The mesh of the mandible and miniplate were modeled with 
triangular mesh; consisting of 61,387 elements for the 
mandible model, 621 elements for the miniplate model 
having two screws, 1,675 elements for the miniplate with 
four screws. 

C. Material Properties and Model 

Despite non-homogeneous, the density of mandibular 
bone in this research is considered of constant with values 
ranging from 1.85 to 2 g cm-3 [14]. For the mandibular bone, 
an elastic modulus of 22.8 GPa and Poisson’s ratio of 0.18 
was used in the computation of this research [19]. The 
osteosynthesis miniplate was made from pure titanium with 
an elastic modulus of 102.1 GPa, and the Poisson ratio is 0.8 
[20], while the fixation screws were made from Ti-6Al-4V 
alloy with an elastic modulus of 112 GPa and the Poisson 
ratio of 0.37 [20]. 
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D. Loading and Constrain 

As studied by Harada et al. [21], the bite force decreased 
dramatically due to the fracture of the mandibular bone, such 
as shown in Table 1.  In their study, Harada et al. [21] 
examined both bite force and occlusal contact area by using 
a pressure-sensitive sheet in patients at 2 weeks until 6 
months post-surgery. The lowest bite force of the patients 
appeared in 2 weeks after surgery, i.e., about 66.5 N and this 
value increased till 301.5 N after 6 months. In this research, 
the bite force used in the simulation was considered constant 
and selected from the study of Harada et al. [16] at 2 weeks’ 
period after surgery, where the stability of the fractured bone 
depends entirely on the miniplate used in the fixation.    

During the simulation, the surface of the fractured bone 
model was free from movement and did not contact one 
another. Also, interfaces of plate-to-bone, plate-to-screw, 
and screw-to-bone were designed not to separate one another 
to prevent relative motions. Finally, Von Mises stresses and 
mandibular displacement during occlusal loading were 
calculated as the outcome of the simulation. The 
configuration of the mandibular bone and osteosynthesis 
miniplates is modeled such as in Fig. 1. 

 

 
Fig. 1  Loading and boundary condition setup in simulation 

III.  RESULTS AND DISCUSSION 

In this study, two main parameters were studied to 
determine the performance of osteosynthesis miniplate used 
in the simulation: (1) fracture gap and displacement of the 
fractured bone as the application of miniplate, and (2) Von 
Misses stresses which indicated traction force on the 
mandible surface. The distance of the fracture gap will 
determine healing process on the fractured bone, in which 
the smallest gap between the bone fragments will lead to the 
highest stability of the fractured bone during the fixation 
[14]. Moreover, stable fixation is required to facilitate 
osteogenesis and bone healing. Von Misses stresses were 
determined to indicate pressure distribution over the bone 
surface; which in the end could also be used to evaluate how 
far the fixation system would damage the bone. Based on a 
previous histological examination, it is confirmed that too 
high pressure on the mandibular bone surface would damage 
osteoblast and lead to the formation of callus [13], which in 
the end retarding the healing process and thus prolong the 
recovery time of the fractured mandibular bone. 

 
A. Stability of Fixation 

Fig. 2 shows the result of simulation to investigate 
displacement of fractured mandibular bone that occurred as a 
result of biting at 2 weeks after surgery. In this simulation, 
fixation with three different configurations was examined. 
The healing time of wound due to bone fracture bone is 
strongly dependent on the stability of the fractured bone. 
Therefore, a configuration of miniplate that could give the 
most stable fixation of the fractured mandibular bone should 
be determined. 

As demonstrated in Fig. 2, all configurations of fixation 
resulted in the displacement of fractured mandibular bone 
with a length of less than 30 µm. In previous work, it is 
revealed that displacement of fractured bone that resulted in 
a gap 150 μm was considered as critical; a gap of larger than 

Fig. 2  Displacement of along the system from (a) MF-24, (b) MF-44, and (c) MF-42 
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150 µm might disturb the healing and reconstruction process 
of the fractured bone [22]. Fixation with MF-24 
configuration was found to be the most unstable fixation 
compared with those with other configurations. Despite the 
presence of fracture gap, fixation with MF-44 configuration 
demonstrated the most stable system compared to the other 
configurations. Nevertheless, on the basis of this simulation, 
all the configurations of fixation could provide good stability 
of the fractured mandibular bone during its healing and 
reconstruction process. 

B. Bone Damage 

After surgery, the mandibular bone actually suffered 
further damage as a result of the implantation of 
osteosynthesis miniplate. Fixation of the fractured bone by 
the miniplate generated pressure on bone fracture surface [13] 
and the area surrounding the hole prepared for the fixation 
screw. Too high pressure would damage the bone cells and 
retard the healing process. Furthermore, the bone damage 
would, in the end, cause the formation of callus. Therefore, 
bone damage at the area surrounding the holes for fixation 
screws as a result of overpressure during the fixation should 
be avoided. 

Fig. 3 shows the pressure in the holes of screws that were 
used to keep the fractured bone together during the healing 
and reconstruction process. A bite force of 66.5 N was 
applied in the simulation, and the pressure distribution in the 
area surrounding the screw hole of the miniplate as the 
reaction of this load was determined. It is shown in Fig. 3 
that the inferior minipate system resulted in higher pressure 
around the screw hole, as compared to the superior miniplate. 
The highest pressure occurred in the screw holes with MF-
24 configuration. Meanwhile, the MF-44 configuration the 
lowest pressure around the screw hole. 

C. Pressure on Miniplate 

To provide external support for fixation of the fractured 
mandibular bone, the osteosynthesis miniplate should be 
able to maintain the fixation of the fractured bone with 
sufficient strength. Once implanted to the mandibular bone, 
the miniplate received some portions of forces from the 
mandible. Fig. 4 shows pressure distribution on the 
miniplate, as a result of forces transmitted from the fractured 
mandibular bone. 

As shown in Fig. 4, the highest pressure could be 
observed in regions surrounding the holes in the miniplate. 
A higher pressure could be seen in a miniplate with a fewer 
number of holes, such as shown in MF-24 and MF-42 
configurations, where a maximum pressure of 3 GPa could 
be recognized in figures 4a and 4c. Meanwhile, the pressure 
on miniplates with MF-44 configuration was three times 
lower than those in MF-24 and MF-42 configurations. In the 
plate with MF-44 configuration, pressures were well 
distributed in all the holes for fixation screws. An 
osteosynthesis miniplate with 4 screws demonstrated a 
higher pressure at screw holes located in the middle of the 
miniplate.  

 
IV.  CONCLUSIONS 

In this research, a set of miniplates implanted with three 
different screw configurations was studied numerically by 
using finite element method (FEM). The result of the 
simulation shows that all the miniplates with three 
configurations tested were stable enough to prevent 
movement of fractured mandibular bone for more than 150 
μm in the distance. Fixation with MF-24 configuration was 
found to be the most unstable fixation compared with those 
with other configurations. Moreover, the fixation with MF-
24 configuration also resulted in the highest pressure on the 

Fig. 3  Pressure occur in screw hole on bone surface by (a) MF-42, (b) MF-44, and (c) MF-24 configuration 
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bone surface, which subsequently could lead to damage to 
the bone. Fixation with MF-44 configuration demonstrated 
the desired result; as indicated by the lowest value of 
displacement, pressure on the bone surface and pressure on 
the miniplate.  
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Fig. 4  Pressure on miniplate as the result of loading by (a) MF-42, (b) MF-44, and (c) MF-24 configuration 
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