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ARTICLE INFO ABSTRACT

The aim of this study was to establish finite element models of free fibular flap 
reconstruction of different types of mandibular defects. The finite models was created 
from CT image. The finite element method was used to carry out biological analysis. 
Comparative analysis of the stress distribution characteristics and the displacement 
changes in mandible were carried out. From the stress distribution nephogram, it could 
be concluded that the stress was mainly concentrated in the bilateral condylar neck, 
the anterior and posterior edges of the mandibular ramus, and the joint between the 
posterior end of the fibula and the mandible. The more mandibular defects that were 
present, the greater the corresponding stress on the contralateral condyle. Displacement 
nephogram: the inward displacement of the condyle on the affected side of a type B 
defect was more obvious than that of the normal mandible, and the most obvious in the 
X-axis direction, with a displacement of 1.61 mm; the BSS defect crossed the midline, and 
the bilateral condyles shifted inward causing posterior displacement; the displacement 
results of RBS and CRBS defects showed whether the condyle was involved in the 
bone defect, and the displacement changes after reconstruction were not significantly 
different. After mandibular reconstruction, the loss of attachment muscles can cause 
postoperative condylar displacement, resulting in postoperative occlusal disorder, 
opening deviation and other complications.
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Introduction
The mandible, as a movable bony scaffold underlying the 

lower 1/3 of the face, not only maintains the facial contour, but 
also is closely related to the functions of chewing, breathing and 
swallowing. In radical surgery for mandibular tumors, a large 
number of muscles attached to the mandible are stripped, resulting 
in a lack of coordination of the chewing muscles, resulting in 
complications such as limited mouth opening, jaw deviation, joint 
clicking and disorder of occlusal relationship [1-3]. In the past, 
the most commonly-used repair methods were titanium plate and 
personalized prosthesis, which are prone to complications such as 
titanium plate exposure and fracture after long-term observation. 
Therefore, it was gradually replaced by free iliac or rib grafts [4,5]. 
In 1989, Hidalgo first applied a free fibular flap for jaw defect 
repair [6]. Since then, the vascularized fibular flap has become the  

 
most important method of mandibular defect repair because it 
has sufficient bone length, is easy to shape, as well as having fewer 
donor site complications and other advantages [7-9]. In recent 
years, with the development of digital technology, the accuracy of 
mandibular reconstruction is the common goal pursued by oral 
and maxillofacial surgeons [10-12]. Analysis of the shape and 
position of the mandible after reconstruction is not only conducive 
to optimizing the reconstruction plan, but also conducive to the 
analysis of factors affecting accuracy, improving clinical treatment 
effects, and reducing postoperative complications. To date, there 
have still been few biomechanical studies on the reconstruction of 
mandibular defects with fibula flaps. The Finite Element Method 
(FEM) is a mathematical simulation method for mechanical 
analysis. It is widely used for biomechanical analyses of complex 
structures with different shapes, loads and materials [13-15].
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Materials and Methods
Modeling Materials

From the CT database, the mandible and fibula were scanned 
with a thickness of 0.625 mm. The scanning range was from the 
condyle to the submental point. The left leg was scanned from knee 
to ankle. Imaging data were obtained and saved in DICOM format.

Classification Standard of Mandible

According to the Urken classification [16], we established 
four types of mandibular defects, comprising type B (unilateral 
mandibular body defect), type BSS (bilateral mandibular body 
defect, crossing the midline), type RBS (unilateral mandibular body 
defect) and type CRBS (missing one side of the mandible). 

Establishment of Finite Element Models

Figure 1: 3D model of the mandible.

The CT scan image was imported into Mimics 19.0 software. 
Adjusted the image gray value to generate a 3D model (Figure 
1). Three points were selected on the surface of the mandible to 
establish a reference plane, and this was then used to draw a sketch 
to segment and simulate the mandibular defect. According to the 
clinical size of the titanium plate, the model was established and 
saved in the SLDPRT format. In the geometry, the mandibular 
cortical bone, mandibular cancellous bone, fibula, teeth, titanium 

plates and titanium nails were given relevant materials. In order 
to ensure the accuracy of the calculation, the type and size of 
the model grid was controlled, and the contact position grid was 
refined. The grid type was set to a 10-node tetrahedral grid. The 
boundary conditions and loads were set. Finally, three-dimensional 
finite element models of the normal mandible and four types of 
defects were established.

Material Parameter Setting

Figure 2: Masticatory muscle loading.
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It was assumed that the mandible, teeth, fibula and other tissues 
are isotropic, homogeneous and continuous elastic materials. With 
reference to some published research data [17-19], the modulus of 
elasticity and Poisson’s ratio were set. The mandibular condyles on 
both sides were fixed and restrained to prevent the mandible from 
moving, and the characteristics of the stress distribution of the 
mandible were analyzed. The chin was also fixed and the changes 
in the displacement of the mandible and condyle were analyzed. 
Vertical combined loading was applied on the healthy side posterior 
area by applying 200 N and 175 N to the mandibular first and 
second molar areas, respectively [20]. The medial pterygoid was 
loaded with 44 N, the deep and superficial layers of the masseter 
were loaded with 50.5 N and 37.5 N, respectively; the posterior and 
anterior portions of the temporalis were loaded with 41.5 N and 71 
N, respectively, and the lateral pterygoid muscle was loaded with 
5.5 N (Figure 2) [21,22].

Internal Fixation Mode

The mandible and fibula were fixed with titanium plates. The 
width of the titanium plate was 7 mm, the thickness was 2 mm, and 
the hole diameter was 3.7 mm. Fixation was adjusted according to 
the shape of the bone surface.

Main Observation Indicators 

1. Stress distribution characteristics of the mandible

2. The displacement changes of the mandible on the x, y, 
and z axes. The x, y, and z axes represent the inside and outside, 
front and back, and up and down directions, respectively. 

Results
Stress Distribution (Table 1)

1. The stress of the normal mandible was mainly 
concentrated on the neck of the bilateral condyles, the front 
and back edges of the mandibular ramus, and the joint between 
the posterior end of the fibula and the mandible. The maximum 
stress was approximately 47.29 MPa at the neck of the condyle. 

2. In type B, the stress of the contralateral condyle was 
significantly greater than that of the affected condyle or the 
normal mandible by approximately 61.14 MPa. 

3. In the BSS type, the stress concentration of bilateral 
condyles was similar, with stress values of 58.05 MPa and 51.61 

MPa, respectively, both of which were higher than that of the 
normal mandible, but less than the maximum stress value of 
the B type defect. 

4. In the RBS type, stress was mainly concentrated on the 
neck of the bilateral condyles, the joint of the fibula stump 
and the condyle. The maximum stress of the contralateral 
condyle was at the condyle of the affected side, with a value of 
approximately 86.14 MPa, which is close to twice the stress on 
the neck of the normal mandibular condyle. 

5. In the CRBS type, the ipsilateral fibula was in a free state. 
The stress of the contralateral condyle was significantly greater 
than that of other types and normal mandibles, being three 
times that of the normal mandible.

Table 1: Stress distribution characteristics of mandible.

Objection Maximum stress distribution of 
mandible（MPa）

normal 47.297

Type B 61.142

Type BSS 58.051

Type RBS 86.139

Type CRBS 116.84

The Displacement Changes (Table 2)

The following results were obtained by finite element 
simulation analysis and calculation of the mandible: 

1. The overall displacement of the normal intact mandible 
was 0.53 mm, consisting of 0.36 mm, 0.26 mm, and 0.45 mm on 
the X, Y, and Z axes, respectively. 

2. The type B defect did not exceed the midline, the 
contralateral condyle shifted in the anterior and medial 
directions. The most obvious displacement was in the X-axis 
direction, approximately 1.61 mm. 

3. The BSS-type defect crossed the midline, the displacement 
of the mandible was more obvious than others and the bilateral 
condyles were displaced inward and posteriorly.

4. In the RBS type and CRBS type, The partial or complete 
loss of the unilateral ascender muscle group caused the 
contralateral condyle to shift back and inward. There was no 
significant change in the displacement of the affected condyle.

https://dx.doi.org/10.26717/BJSTR.2021.36.005831
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Table 2: Displacement of normal mandible and each defect reconstructed with a fibular graft.

Objection Total 
displacement（mm）

X direction 
displacement（mm）

Y direction 
displacement（mm）

Z direction 
displacement（mm）

Normal 0.52943 0.35673 0.25599 0.44909

Type B 2.2755 1.6102 0.35575 1.6673

Type BSS 3.5631 1.8747 1.3403 2.9134

Type RBS 0.34388 0.33025 0.092833 0.094739

Type CRBS 0.34551 0.3318 0.092252 0.095991

Discussion
The repair of mandibular defects is one of the most difficult 

clinical problems in oral and maxillofacial surgery. In recent years, 
free fibular flap for reconstructing the mandible have gradually 
received attention [23-25].

The main reasons are as follows: 

1. A free peroneal myocutaneous flap can provide sufficient 
bone mass. When the defect exceeds 9 cm, the fibula becomes 
the only option for reconstruction.

2. The anatomy of the perforating branches of the peroneal 
artery is relatively constant. 

3. A skin island can be cut according to the needs of the 
defect, which can not only close the wound, but also can be used 
to observe the blood supply of the transplanted fibula. 

4. The graft-harvesting operation is sited far away from 
the head and neck, allowing two groups of operations to be 
performed simultaneously. With the continuous accumulation 
of clinical experience, the purpose of mandibular reconstruction 
is not limited to restoring the continuity of the mandible and 
facial contours, but to further restore the patient’s functions 
such as chewing, speech, and swallowing. 

FEM is a powerful tool for biomechanical analysis, because it 
can provide a high degree of simulation of bone tissue biomechanics 
[26,27]. The geometric similarity between the finite element model 
of the mandible and the real mandible is the basis of the study, 
and directly affects the accuracy of data analysis [28,29]. In this 
study we established 3D models of fibula repair for type B, BSS, 
RBS, and RBSC defects. Different bone defects are accompanied 
by partial or full muscle defects, which affect the postoperative 
mandibular stress distribution and the mandibular shape and 
position. The main ascender muscle groups involved in mandibular 
movement include the temporalis (10.62 cm2), masseter (7.99 
cm2), and medial pterygoid. The physiological cross-sectional 
area of masticatory muscles is positively correlated with muscle 
strength. Therefore, the temporal and masseter muscles have the 
greater muscle strength. Type B removes part of the masseter 
muscle attached to the corresponding position of the bone defect. 
Our results showed that the inward displacement of the affected 
mandible was significantly larger than that of the normal mandible, 

while the displacement in other directions was not significantly 
different from that of the normal mandible. This shows that when 
the masseter contracts, it exerts an outward force on the mandible 
during the movement of the mandible. The BSS type defect crosses 
the midline, and the overall displacement is larger than that of the 
normal mandible or other defect types. The bilateral condyles are 
shifted inward, and the width of the dental arch becomes narrow. 
Since the bilateral defects in this study cross the midline and are 
symmetrical, the stress distribution and displacement changes 
were also more symmetrical than other types. The bilateral 
condyles shifted inward, and the width of the dental arch became 
narrow.

In the vertical direction, the mandible shifts up significantly. 
This study did not include the mylohyoid muscles or other lower 
mandibular jaw muscles. In fact, this type of defect is accompanied 
by the loss of their attachment at the same time as the bone defect, 
and the overall upward displacement should be greater. In the RBSC 
type, the mandibular ramus and condylar process are completely 
removed on one side. After reconstruction, the mandible is in 
the state of unilateral disconnection. Therefore, only the stress 
and displacement of the contralateral condyle can be measured. 
Comparing RBS-type and CRBS-type displacement distribution 
clouds, whether the condyle is retained or not has little effect on 
mandibular displacement. With more of the mandible missing 
on one side, the overall upward displacement of the mandible is 
significantly reduced. Both types of defects shifted significantly to 
the affected side. These changes are caused by the imbalance of 
bilateral muscle strength, which is also one of the important reasons 
for postoperative opening deflection. In the vertical direction, type 
B and BSS defects have a smaller displacement range than type RBS 
or CRBS, which is related to the suspension of the mandible by the 
ascender muscle group. 

The results of a large number of clinical follow-up cases suggest 
that in cases where the coracoid process and the front edge of the 
mandibular ramus are not retained, the postoperative restriction of 
mouth opening will be reduced. During the clinical operation, the 
lesions do not involve the coracoid process. It is also considered 
to cut off the coracoid process and release the attachment of the 
temporal muscle to reduce postoperative complications. The 
maximum stress of the mandible model after reconstruction of 
various defects using a fibular graft is significantly greater than 
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that of the normal mandible. This shows that the original stress 
trajectory of the mandible is not restored after reconstruction, 
which results in an uneven stress distribution in the mandible. With 
the increase of the defect area of the affected mandible, the stress of 
the contralateral condyle also increases.

Conclusion
The use of the FEM reduces the clinical dependence on a 

large number of cadavers and animal experiments. The theory 
is connected with the clinical practice, and the data provide 
certain guiding significance for the prevention and treatment 
of complications after reconstruction. The result of any finite 
element analysis is an approximation of the actual situation, 
with certain errors. Therefore, it is necessary to combine animal 
experiments and clinical observations with the FEM, so that all play 
a complementary role to achieve a comprehensive analysis.
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