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Objective: This study aimed to evaluate timing of fixation to retard bone absorption using finite element

Methods: Volunteer CT images were used to construct four models of mandibles with varying degrees of alveolar
bone resorption. By simulating occlusal force loading, biomechanical analysis was made on the periodontal mem-
brane, tooth root and surrounding bone (both cancellous and cortical) of mandibular dentition.

Results: The von Mises stress value of the periodontal structures was positively related with the degree of alveolar
bone resorption, and the von Mises stress at the interface between the periodontal membrane and tooth root was
increased significantly in moderate to severe periodontitis models. The von Mises stress at the interface between the
periodontal cortical bone and cancellous bone was increased significantly in the severe periodontitis model. And the
von Mises stress value with oblique loading showed significantly higher than vertical loading.

Conclusion: Teeth with moderate to severe periodontitis, loosened tooth fixation can be used to retard bone
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Introduction

Periodontitis has become an oral disease with very high
incidence in China, and has generally, become the lead-
ing cause of tooth loss in adults [1]. Clinically, tooth loss
caused by chronic periodontitis is often accompanied by
severe soft and hard tissue defects, which affects appear-
ance and function, and also brings certain difficulties to
denture restoration and implantation [2]. Periodontal
disease treatment is mainly synthetic serial treatment,
with periodontal drug treatment and surgical treatment
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to control inflammation, with restoration treatment to
adjust occlusion, eliminate tooth trauma and reduce the
burden of periodontal supporting tissues. With loos-
ened tooth fixation to disperse occlusal force, control
pathological loosening and displacement, and improve
chewing efficiency, the affected tooth can get physiologi-
cal rest, which is beneficial to the control of periodontal
inflammation and healing of damaged periodontal tis-
sue, and the oral comfort of patient was improved [3].
After perfect periodontal treatment, tooth looseness of
patients with moderate to severe periodontitis can be sig-
nificantly improved [4].

Due to limitations of medical ethics, it is very difficult
to directly measure the intraoral biomechanical char-
acteristics of patients with periodontitis. FEA can be
used to make stress analysis of the oral structure, shape,
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load and mechanical properties of materials for objec-
tive, accurate and true stress distribution [5]. Baghdadi
D used FEA to explain the biomechanical behaviour of
crowded lower front teeth in reduced Periodontium [6].
Many in vitro studies have proved splinting was effec-
tive in slowing bone resorption and have measured tooth
mobility generated by different dental splint materials
to determine their flexibility using FEA [7-9]. However,
these studies did not indicate which timepoint of splint-
ing was more benefical. Hence, the aim of this study was
to provide a scientific biomechanical basis for the timing
of fixation of loosened tooth.

Materials and methods

The volunteer

The experimental volunteer was selected from the 2nd
generation of Chinese virtual person (living digital-
human) "No.23" volunteer, with complete dentition.

Finite element models

CT image data of mandible of the volunteer was
imported into the medical three-dimensional image
reconstruction software Materialise Mimics 10.0
(Materialise Company, Belgium) in DICOM format
to generate the bone tissue surface profile. The gap
between the tooth root and mandible was filled with a
0.2 mm periodontal membrane structure, and in com-
bination with various software tools and clinical ana-
tomical features, the profile curve of each structure was
manually plotted. The three-dimensional digital anat-
omy model of mandible was reconstructed (including
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the separation of cortical bone and cancellous bone,
enamel, dentin-cementum complex, periodontal mem-
brane, dental pulp, temporomandibular joint con-
dyle and other structures), then imported into reverse
engineering software Geomagic Studiol2.0 (Geomagic
Company, USA) in STL format, using polygon editing
tools to optimize the mesh of each independent ana-
tomical structure. Alveolar bone resorption in chronic
periodontitis is generally described by the ratio of
resorption area to the length of tooth root, and usu-
ally divided into three degrees. In order to unify bone
resorption of each tooth position in the sample models,
the critical value of bone resorption in varying degrees
of periodontitis was used as the standard for division.
The model was trimmed, and the total length of the
measured tooth root was subtracted from the distance
of enamel-cementum boundary and alveolar ridge to
calculate the root length of the inner alveolar bone of
each tooth. The height of alveolar bone was reduced to
0, 1/3, 1/2 and 2/3 of the inner length of the root bone.
The edge was trimmed to make it smooth and con-
tinuous. Four models were established to simulate (a)
non-periodontitis (b) mild periodontitis (c) moderate
periodontitis and (d) severe periodontitis of the man-
dible models, and to simulate the stable state of bone
resorption after periodontal treatment. The model was
imported into the finite element pre-processing soft-
ware HyperMesh 11.0 (Altair Company, USA) for mate-
rialization. After the Boolean operation, finite element
models of a mandible with varying degrees of alveolar
bone resorption were constructed (Fig. 1).
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Fig. 1 Modeling Steps: A CBCT image of living digital-human No. 23. B the three-dimensional digital anatomy model of mandible. C The mesh
refinement of mandible. D The mesh refinement of enamel. E The mesh refinement of dentin-cementum complex. F The mesh refinement of
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Mesh independency analysis

Take the non-periodontitis model vertical loading as an
example. The initial mesh size of teeth and surround-
ing tissues adopted 0.5 mm, and the maximum stress
error percentage between 0.5 mm and 0.25 mm was
1.4% (Table 1). Given the calculation efficiency, the four
modles (Fig. 2) were established using 0.5 mm mesh
size. There were 283,886 tetrahedrons and 53,718 nodes
in the non-periodontitis model, 274,913 tetrahedrons
and 52,382 nodes in the mild periodontitis model,
273,965 tetrahedrons and 52,719 nodes in the moder-
ate periodontitis model, and 261,095 tetrahedrons and
50,911 nodes in the severe periodontitis model.

Table 1 Mesh independency analysis

Mesh size Tmm 0.5 mm 0.25 mm
Number of element 118,551 283,886 866,193
Max stress (Mpa) 13.88 1462 1441
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Experimental preset conditions

All materials were considered linear-elastic, isotropic and
homogeneous [10-16]. The applied material properties
(elastic modulus and Poisson’s ratio) were obtained from
the literature (Table 2).

Loading force

Different teeth play diverse roles in chewing function,
same loading was applied to the teeth of same region.
Therefore, the loading of 100 N, 50 N and 25 N were

Table 2 Material mechanical parameters

Material Elasticity Poisson’s ratio References
modulus
(Gpa)
Periodontal membrane  0.069 0450 [10-16]
Cortical bone 13.700 0.300 [11-16]
Cancellous bone 1.370 0.300 [11,12,14-16]
Dentin cementum 18.600 0310 [10-12,14-16]
complex
Enamel 41.000 0.300 [11,14-16]
Root canal pulp 0.020 0.450 [11, 14-16]

Fig. 2 Perspective view of finite element models of mandibles with varying degrees of periodontitis. Note In all the charts in this study, A normal
mandible; B mandible with mild periodontitis; C mandible with moderate periodontitis; D mandible with severe periodontitis
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loaded on the occlusal surfaces of molars, premolars, and
anterior teeth, respectively [10]. In this study, a certain
distributed point on the occlusal surface of each tooth
was selected for concentrate loading [17], and the chew-
ing cycle was simplified to vertical loading and oblique
loading. Under loading conditions, the edge of the man-
dible was fixed to prevent the jaw from displacement in
the X, Y and Z directions [13, 15] (Fig. 3).

Results

Biomechanical analysis of tooth root interface

During vertical loading, the von Mises stress distribu-
tion on the root surface was concentrated on the root
labial side of the lower anterior teeth. The maximum
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Von Mises stress (MVMS) of mandibular dentition
was concentrated on the incisor. The MVMS of the
root interface of normal mandible was 13.43 MPa; the
MVMS of the root interface of mild periodontitis was
15.60 MPa; the MVMS of the root interface of mod-
erate periodontitis was 21.79 MPa; the MVMS of the
root interface of severe periodontitis was 29.97 MPa
(Fig. 4, Table 3). During 45° oblique loading, the stress
was concentrated on the root surface of mesiolin-
gual posterior teeth, and the MVMS was concentrated
on the root surface of the mandibular first molar. The
stress was 2—3 times than when vertical loading (Fig. 5,
Table 4). In addition, during both vertical and oblique
loading, the MVMS was increased with aggravation of

Fig. 3 A 1.The point of occlusal loading, 2. The fixed edge. B 3. Vertical loading. C 4. Oblique loading
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Fig. 4 Cloud chart of a finite element analysis of mandibular root interface during vertical loading. A normal mandible; B mandible with mild
periodontitis; C mandible with moderate periodontitis; D mandible with severe periodontitis
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Table 3 Peak stress of root interface during vertical loading (MPa)
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Group 47 46 45 44 43 42 41 31 32 33 34 35 36 37
A 9.24 6.60 5.65 9.88 397 8.23 13.04 1343 7.88 3.82 10.24 549 6.56 7.8
B 10.59 7.07 6.94 12.84 442 9.12 15.60 15.06 879% 421 11.96 6.28 8.62 8.783
C 13.52 8.21 8.05 14.48 544 12.89 20.19 21.79 11.14 549 16.66 7.29 10.24 13.83
D 17.39 9.35 9.92 20.30 7.38 18.91 2555 29.97 16.91 7.09 24.05 9.94 11.73 20.84
S, Mises S, Mises
(Avg: 1009%) (Avg: 100%)
+3,106e+01 +3.807e+01
+2.849e+01 +3.492e+01
+2.592e+01 +3.176e+01
+2,335e+01 +2.861e+01
- +2.079e+01 +2.546e+01
+1.822e+01 +2.231e+01
+1.565e+01 +1.915e+01
+1.308e+01 +1.600e+01
+1.051e+01 +1.285e+01
+7.944e+00 +9.697e+00
+5.375e+00 +6.544e+00
+2.807e+00 +3.392e+00
+2.388e-01 +2.398e-01
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Fig. 5 Cloud chart of a finite element analysis of mandibular root interface during 45° oblique loading. A normal mandible; B mandible with mild
periodontitis; C mandible with moderate periodontitis; D mandible with severe periodontitis

Table 4 Peak stress of root interface during 45° oblique loading (MPa)

Group 47 46 45 44 43 42 a1 31 32 33 34 35 36 37

A 20.66 25.68 27.19 29.14 9.69 6.08 17.69 18.58 7693 1225 30.96 31.06 18.78 1491
B 2354 3003 3643 3463 6.85 11.96 2132 2187 14.82 730 3807 36.34 2548 18.86
@ 32.30 4332 4713 48.65 8.38 18.07 34.02 31.68 19.65 9.72 53.85 50.56 33.25 31.97
D 4533 76.24 54.70 63.88 12.35 29.71 3776 4245 31.86 12.70 7317 69.41 537 57.21

periodontitis, and stress was increased more signifi-
cantly with moderate to severe periodontitis.

Biomechanical analysis of periodontal membrane interface
During vertical loading, the von Mises stress distribu-
tion of the periodontal membrane was concentrated
at the corresponding position of periodontal mem-
brane on the labial side of the lower anterior tooth root
close to the neck. The MVMS was concentrated in the
incisor. The MVMS of the periodontal membrane of a
normal mandibular was 1.35 MPa; the MVMS of the
periodontal membrane with mild periodontitis was

1.65 MPa; the MVMS of the periodontal membrane
with moderate periodontitis was 2.33 MPa; the MVMS
of the periodontal membrane with severe periodonti-
tis was 3.15 MPa (Fig. 6, Table 5). During 45° oblique
loading, stress was concentrated at the corresponding
position of the periodontal membrane on the lingual
side of the lower anterior tooth root close to the neck.
The MVMS was concentrated on the mandibular first
molar, and the stress was 2—4 times than during verti-
cal loading (Fig. 7, Table 6). It was found that during
vertical and oblique loading, the MVMS increased with
the aggravation of periodontitis, and stress of the peri-
odontal membrane was increased more significantly in
moderate to severe periodontitis.
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Fig. 6 Cloud chart of a finite element analysis of a periodontal membrane of mandibular dentition during vertical loading. A normal mandible; B
mandible with mild periodontitis; C mandible with moderate periodontitis; D mandible with severe periodontitis

Table 5 Peak stress of periodontal membrance during vertical loading (MPa)

Group 47 46 45 44 43 42 41 31 32 33 34 35 36 37
A 112 1.04 0.67 1.16 049 1.02 121 1.35 112 0.46 0.97 0.66 0.92 0.93
B 122 112 0.77 1.19 0.52 117 141 1.65 129 048 122 0.78 1.28 1.00
C 1.69 1.40 0.86 1.55 0.60 143 1.93 2.33 1.79 0.57 1.52 1.00 1.65 131
D 2.59 1.76 1.06 213 0.76 2.74 2.74 3.15 266 0.71 247 1.313 213 191
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Fig. 7 cloud chart of a finite element analysis of a periodontal membrane of mandibular dentition during 45° oblique loading. A normal mandible;
B mandible with mild periodontitis; C mandible with moderate periodontitis; D mandible with severe periodontitis
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Table 6 Peak stress of periodontal membrance during 45° oblique loading (MPa)

Group 47 46 45 44 43 42 41 31 32 33 34 35 36 37

A 2.24 3.31 263 2.58 0.88 1.08 1.67 211 147 0387 291 2.95 2.60 1.66
B 249 3.83 3.19 3.00 1.03 1.26 1.89 214 1.66 0.87 3.00 332 391 1.94
C 5.14 3.64 3.87 3.94 138 1.69 2.70 2.81 214 113 4.04 4.63 540 2.83
D 6.30 893 5.36 527 1.53 239 2.86 3.70 3.28 1.38 777 7.33 8.06 4.34

Biomechanical analysis of the periodontal cortical bone
interface

During vertical loading, occlusal force was transmitted to
the mandible via the periodontal membrane of the tooth.
When the cortical bone of the mandible was stressed,
the maximum Von Mises stress was located in the cor-
responding cortical bone area of the labial neck of the
incisor root; the minimum stress was located in the cor-
responding cortical bone area of the neck of the canine
root (Fig. 8, Table 7). With 45° oblique loading, stress was
concentrated in the corresponding cortical bone area
of the mesiolingual neck of the posterior tooth (Fig. 9,

Table 8). It was found that during vertical and oblique
loading, the MVMS was increased with aggravation of
periodontitis. In mild to moderate periodontitis, stress
was increased slowly; in severe periodontitis, cortical
bone stress was increased more significantly.

Biomechanical analysis of the periodontal cancellous bone
interface

When the cancellous bone of the mandible was stressed,
the stress was mainly distributed in the correspond-
ing cancellous area of the root apex. During vertical
and oblique loading, the MVMS was increased with
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Fig. 8 Cloud chart of a finite element analysis of a periodontal cortical bone of mandible during vertical loading. A normal mandible; B mandible
with mild periodontitis; C mandible with moderate periodontitis; D mandible with severe periodontitis
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Table 7 Peak stress of periodontal cortical bone during vertical loading (MPa)
Group 47 46 45 44 43 42 41 31 32 33 34 35 36 37
A 10.71 11.07 8241 1063 8.82 9.90 12.74 14.22 10.03 8.23 861 10.21 1243 10.29
B 11.31 9.92 8.822 9.26 945 9.55 11.85 9.49 10.62 9.21 8.56 871 1343 9.53
C 944 13.99 8399 13.08 935 15.03 21.01 15.32 12.55 10.69 15.37 940 12.19 857
D 16.12 1641 10.09 21.15 11.28 18.18 36.1 31.30 20.02 1.1 16.21 13.25 18.78 3252
S, Mises S, Mises
(Avg: 1009%) (Avg: 100%)
+3.973e+401 +3.5270+01
+3,642e+01 +3.233e+01
+3.311e+01 +2.93%+01
+2,980e+01 +2,646e+01
+2,648e+01 +2,352e+01
+2,317e+01 +2.058e+01
+1,986e+01 +1,764e+01
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Fig. 9 Cloud chart of a finite element analysis of a periodontal cortical bone of mandible during 45° oblique loading. A normal mandible; B
mandible with mild periodontitis; C mandible with moderate periodontitis; D mandible with severe periodontitis

Table 8 Peak stress of periodontal cortical bone during 45° oblique loading (MPa)

Group 47 46 45 44 43 42 41 31 32 33 34 35 36 37

A 2335 26.53 3496 3554 2531 16.09 14.48 16.14 19.03 31.04 39.73 32.86 2848 2442
B 26.99 31.82 31.56 35.27 31.56 2912 13.10 14.90 15.87 34.77 33.07 27.20 2541 1942
C 33.02 36.05 36.80 3567 28.65 1346 2735 17.98 17.28 3340 36.46 36.09 3344 27.85
D 38.01 57.69 53.92 56.81 37.14 2146 441 38.68 2341 33.02 5843 60.99 55.63 77.75
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aggravation of periodontitis. The maximum Von Mises
stress was located in the apical area of the second molar.
In mild to moderate periodontitis, stress increased
slowly. In severe periodontitis, stress of cancellous bone
increased more significantly (Figs. 10, 11, Tables 9, 10).

Discussions

1. According to experimental results and Tables three
to 10, the stress of each structure of periodontal tis-
sue was increased with the degree of alveolar bone
resorption. The change in stress of the periodontal
membrane of the mandible was similar to the trend
of change in the stress of the root surface. In mod-
erate to severe periodontitis, stress was increased
significantly, while the stress distribution of cortical
bone and cancellous bone of mandible were similar.
In severe periodontitis, stress increased significantly.
Although the load was within the limit of the physi-
ological tolerance of each tissue, stress fatigue would
occur if a repeated load exceeded a certain limit. This
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result was consistent with alveolar bone resorption
and tooth loosening in advanced periodontitis, and
the influence of oblique force on stress distribution
was greater than that of vertical force [18]. Reddy
used the finite element method to analyze changes
in the stress of the periodontal membrane of single
maxillary incisor at different levels of alveolar bone
and found that with decrease in the height of alveo-
lar bone, stress concentration of tooth cusp increased
significantly [19]. Some scholars found the maxi-
mum tensile stress of the periodontal membrane of
a maxillary incisor in the lingual neck area increased
with decrease in bone height, but stress decreased
with the increase in width of the periodontal mem-
brane, and changes in the height of alveolar bone
had little effect on the cortical bone [20]. Based on
previous studies, combined with our study, the stress
distribution of the labial cortical bone and root in
the anterior tooth area of the mandible were con-
centrated, and the increasing trend was significant
with the absorption of alveolar bone. We found that
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+9.736e-05

S, Mises

(Avg: 100%)
+4.936e+00
+4.525e+00
+4.114e+00
+3,702e+00
+3.291e+00
+2,880e+00
+2.468e+00
+2.057e+00
+1.646e+00
+1.234e+00
+8.228e-01
+4.115e-01
+9,912e-05

Fig. 10 Cloud chart of a finite element analysis of a cancellous bone of mandible during vertical. A normal mandible; B mandible with mild
periodontitis; C mandible with moderate periodontitis; D mandible with severe periodontitis

S, Mises
(Avg: 100%)
+8.244a+00
+7.557e+00
+6.870e+00
+6.183e+00
+5.496e+00
9

+2 e+00
+1.374e+00
+6.870e-01
+9.492e-05
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S, Mises

(Avg: 100%)
+6.814e+00
+6.246e+00
+5.678e+00
+5.111e+00
+4,.543e-+00
+3.975e+00
+3.407e+00
+2,840e+00
+2,272e+00
+1,704e+00
+1.136e+00
+5.687e-01
+9.673e-04

S, Mises

(Avg: 100%)
+1.215e+01
+1.114e+01
+1.013e+01
+9.114e+00
+8.101e+00
+7.088e+00
+6.076e+00
+5.063e+00
+4.051e+00
+3.038e+00
+2.025e+00
+1.013e+00
+2.864e-04

S, Mises

(Avg: 100%)
+8.373e+00
+7.675e+00
+6.978e+00
+6.280e+00

+4.187e+00
- +3.489e+00

g +1.396e+00
+6.981e-01
+4.199e-04

S, Mises

(Avg: 100%)
+1,853e+01
- +1,698e+01
+1.5448+4U1
- +1.390e+01
+1,235e+01
+1,081e+01
+9.264e+00
+7.720e+00
+6.176e+00
+4.632e+00
+3.088e+00
+1.544e+00
+3.075e-04

Fig. 11 Cloud chart of a finite element analysis of a cancellous bone of mandible during 45° oblique loading. A normal mandible; B mandible with
mild periodontitis; C mandible with moderate periodontitis; D mandible with severe periodontitis

Table 9 Peak stress of periodontal cancellous bone during vertical loading (MPa)

Group 47 46 45 44 43 42 1 31 32 33 34 35 36 37

A 4.16 3.96 2.31 2.27 1.94 2.27 2.65 3.26 1.78 1.99 1.90 2.19 3.79 3.34
B 4.94 4.66 263 2.38 227 2.06 313 298 263 1.95 2.10 2.08 4.28 440
@ 5.94 4.96 2.50 2.53 1.95 261 4.10 3.80 2.54 1.85 2.70 2.37 548 433
D 8.24 578 295 313 230 353 517 534 395 2.16 4.33 3.10 6.21 6.84

Table 10 Peak stress of periodontal cancellous bone during 45° oblique loading (MPa)

Group 47 46 45 44 43 42 41 31 32 33 34 35 36 37

A 6.80 553 6.33 6.39 3.64 335 284 346 378 3.09 6.81 5.66 5.88 336
B 837 6.07 6.38 6.88 326 2.51 276 294 338 318 737 6.51 5.84 526
C 12.15 7.95 7.64 6.55 3.25 291 352 4.05 322 338 6.33 10.22 7.97 8.95
D 18.53 13.54 11.97 12.93 336 5.05 4.96 9.24 528 3.56 12.53 17.77 11.57 1241

more studies on splinting fixation of the lower ante-
rior teeth were conducted in vivo and in vitro experi-
ments than molars, which was consistent with clini-
cal application. The finite element method is not only

of great significance for study of periodontal tissue
stress and deformation under loads, it also provides
medical and biomechanical experts with a basis for
their biomechanical behavior in oral treatment [21].
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2. With alveolar bone resorption, the clinical crown
is lengthened, which increases the axial force of the
root surface. According to the results of finite ele-
ment analysis, stress increase during oblique loading
is more obvious than during vertical loading. Lateral
force shall be minimized. Many scholars have used
loosened tooth fixation to disperse the occlusal force
of lower anterior teeth. Nikolaus used the finite ele-
ment method to make stress analysis on the thera-
peutic effects of periodontal splints made of differ-
ent materials [22], and many scholars have also made
clinical evaluation on the treatment timing of loos-
ened tooth fixation [23, 24]. Factors such as wear of
occlusal surface and tooth movement in patients with
periodontitis will affect the distribution of occlusal
force and occlusal contact [25]. However, many
studies have directly observed intraoral periodontal
parameters for comparative analysis. In combination
with study results, for the root surface and periodon-
tal membrane interface, stress increase is particu-
larly significant in moderate to severe periodontitis.
In order to ensure uniform stress distribution and
reduce stress concentration, and prevent lower ante-
rior teeth from loosening and falling out, patients
with moderate to severe periodontitis may undergo
preventive internal fixation of lower anterior teeth to
disperse occlusal force.

3. The mandible model of periodontitis in the study
simulates bone level through alveolar ridge trim-
ming. The mandibular alveolar ridge at the defect site
has no obvious structural change except for loss of
height. Under actual situations, alveolar bone resorp-
tion in periodontitis is not uniform and continuous
horizontal resorption, and the depth of periodontal
pockets on different sides of each tooth is not the
same. According to literature reports, there are dif-
ferences in the morphology and characteristics of a
normal mandible and alveolar ridge trophic mandi-
ble, and bone characteristics and evolution, as well
as changes in bone density shall also be taken into
account for mandible changes [26, 27]. With rapid
development of computer medical imaging tech-
nology and medical technology, application of the
finite element method in the field of stomatology
can achieve more accurate biomechanical analysis
in vitro for various oral diseases, thereby simulating
and guiding clinical practice [22].

Many scholars [4, 28] assessed 162-227 splinted
teeth, splint survival and number of plint-repairs
retrospectively over 10 years to indicated that splint-
ing can assist the retention of periodontally affected
teeth by reducing their mobility. The significance of
biomechanical analysis of mandibular models with
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varying degrees of alveolar bone resorption was to
conduct mechanical analysis, and evaluation of the
tooth and periodontal tissues of patients with peri-
odontitis, to avoid stress concentration, retard bone
absorption and then to prompt clinical optimization
treatments, improve long-term survival rate of teeth.

4. Finite element analysis has some limitations that
should be considered. Contact boundaries, isometric
characters of materials, and static loading jeopardize
the validity of analysis. Nevertheless, the simplifica-
tions adopted in this study are not expected to fun-
damentally alter the behavior of bone materials, and
therefore, this analysis should help advance a better
understanding periodontal changes of alveolar bone
resorption.

5. As for future studies, to validate the results obtained
in this simulation, further clinical and longitudinal
follow- up studies are required. And it should be
detail the biological behavior of all the materials to
build vitro models closer to the clinic.

Conclusion

Teeth with moderate to severe periodontitis, loosened
tooth fixation can be used to retard bone absorption
based on the Finite Element Analysis, especially for lower
anterior teeth.
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