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Abstract.  Single tooth finite element model is widely used to investigate tooth behaviors with reducing modeling 
process and computational time. This study aims to examine the validity of a single tooth model in clenching and 
chewing actions. The single tooth model consisting of tooth #16, the periodontal ligament (PDL), and bone was 
subjected to coronal-apical movements. The predicted strains from the analyses were validated with the in-vitro 
experimental results on tooth-PDL-bone specimen. The stress distributions of tooth root and PDL were compared to 
those from the full skull model to evaluate reasonability of the single tooth model. The results of this study indicate 
that the single tooth model is able to predict valid structural and mechanical behaviors in clenching and chewing 
activities. 
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1. Introduction 

 

In dentistry and dentofacial orthopedics, finite element (FE) method is a non-invasive tool to 

simulate biomechanical environments and to resolve problems in clinical tests (Bola et al. 2016, 

Mohamed et al. 2018, Nakhli et al. 2019, Mobasseri et al. 2020, Sallah et al. 2020). It is one of 

critical issues in FE modeling to determine which part is included in the model and can be 

excluded for the simplification according to the objective and scope of study. Skull models, 

composed of jawbones and full teeth, are commonly used for the simulation of kinetic loading of 

jaw system (Bujtar et al. 2010, Kim et al. 2012, Commisso et al. 2015, Choy et al. 2017). To 

evaluate relations of neighboring teeth and bones, multi-teeth model including several teeth and  
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Fig. 1 The proposed single tooth FE model. Left figure shows a single tooth model consisting of 

tooth #16, PDL, and bone in blue, orange, and green color, respectively. Right figure shows cross 

section of the model 

 

 
Fig. 2 Construction of the tooth geometry using Scan-IP. From CT scan images of full skull, the 

geometry of tooth #16 was selected using filtering processes and was obtained as 3D solid model 

in green color 

 

 

alveolar bone is proposed (Viecilli et al. 2008, Boryor et al. 2008, Field et al. 2009, Benazzi et al. 

2011). 

Single tooth model is usually used to investigate the mechanical responses under external 

loading in tooth and periodontal ligament (PDL) levels (Natali et al. 2004, Kojima and Fukui 

2006, Du et al. 2011, Merdji et al. 2013). The FE analytical approach focusing on the single tooth 

behaviors can effectively reduce modeling and computational times compared to cases of multiple 

teeth and skull models, and help design implant and other prosthodontic devices. Meanwhile, there 

have been arguments that single tooth model has limitations due to a lack of consideration of the 

interactions between adjacent teeth. The FE simulations on the single tooth dental implant showed 

that the maximum stresses and the effects of contact force were affected by the adjacent teeth 

under the mesial-distal and inclined loadings, especially (Chaichanasiri et al. 2009). The 

comparisons between the FE analyses on single tooth and multi teeth indicated that a multi-teeth 

system allowed simulating a more real-world biomechanical environment, such as the presence 

and rigidity of adjacent teeth and bones (Field et al. 2009). 

Since previously reported researches show both effectiveness and concerns of using single 

tooth model, it is important to investigate whether stress/strain of tooth can be accurately 

predictable from the single tooth model under clinical situation. Therefore, this study aimed to 

validate FE model of a single tooth for the predictions of structural and mechanical behaviors 

under clenching and chewing conditions. Postulations suggest that the stresses and strains of teeth 

in the coronal-apical direction are less likely affected by the neighboring teeth and a bone, thus the  
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(a) Sigle tooth model with a cap. To simulate 

clenching activity, a cap part has a groove to be 

matched with the occlusal surface of the tooth part 

(b) Single tooth model including the food bolus. 

To simulate chewing, the part of food is 

generated in rectangular parallelepiped shape 

Fig. 3 Single tooth models for clenching and chewing simulations 

 

 

predictions from a single tooth model can be acceptably reasonable. Towards that goal, the 

analytical approaches for the clenching and chewing simulations, typical coronal-apical 

movements of tooth, are proposed with considerations of the tooth, PDL, and bone interactions. 

The single tooth model is validated by comparisons between the FE analytical results and the in-

vitro experimental results to examine accuracy of the proposed modeling method. In addition, the 

predictions from the single tooth FE model are compared with those from the full skull FE model 

(Lee et al. 2017, Lee et al. 2019) to evaluate whether the tooth behaviors can be reasonably 

predicted from the single tooth model in which the effects of neighboring teeth and bones are not 

considered. 

 

 

2. Material and methods 
 

2.1 Development of a single tooth FE model 
 

In this study, an FE model consisting of a tooth, periphery PDL, and simplified alveolar bone 

was constructed as shown in Fig. 1. The right maxillary first molar (#16) was chosen as the tooth 

model since it functions as one of the primary teeth for mastication (Martinez Choy et al. 2017). 

Three-dimensional geometry of the tooth was generated using commercial software Scan-IP 

(Simpleware Ltd, Exeter, United Kingdom) (Fig. 2), and based on computed tomography (CT) 

scan images of a 38-year-old male skull, the same images used for the full skull models of the 

existing studies (Lee et al. 2017, Lee et al. 2019). The tooth model in this study was configured in 

a curved shape with enough protrusion to construct details of the occlusal surface and dental root. 

The 3D solid model of the tooth was then imported into commercial software HyperMesh 2017 

(Altair, Michigan, United States), a pre-processor for FE modeling, to add the PDL and bone parts, 

and to refine the meshes. Bone part was simplified as one mass of a cube structure 30 × 30 × 30 

mm (width × length × height) in size, where the vertical direction (z-direction) was in parallel to 

the coronal-apical direction of the full skull models. The PDL part was obtained by offsetting the 

root surface with a uniform distance of 0.2 mm in the positive direction and filling out the 

interspaces between the root outer surface and the offset surface. Finally, the solid model of the 
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tooth-PDL-bone complex was meshed using 4-noded tetra element with 1st-order shape function, 

which has the grading of triangular edge lengths from 0.2 mm to 1.2 mm using Delaunay 

refinement techniques (Shewchuk 2002, Dechaumphai et al. 2003). The single tooth model 

consisted of 1,721,244 elements: 285,573 for the tooth, 62,108 for the PDL, and 1,373,563 for the 

bone parts. 

As illustrated in Fig. 3(a), a cap part was added for the role of an antagonistic tooth in order to 

be in contact with the tooth during the clenching simulation. The bottom surface of the cap part 

was cut into the form of an occlusal surface of the tooth using Boolean operations. The cap part 

configured in the same negative geometry as the tooth in order to apply clenching force on 

occlusal surface without causing stress concentration and sliding. In this manner, perfectly 

matched interfaces between the upper and lower teeth can be simulated which is ideal case during 

clenching activity from a clinical aspect. 

To simulate chewing of food, a part of a food bolus was constructed and located above the 

single tooth model by covering the occlusal surface of the tooth as shown in Fig. 3(b). The bolus 

had a rectangular parallelepiped configuration 15 × 23 × 6 mm (width × length × height) in size. 

Unlike the cap part for the clenching simulation, the food bolus was not cut in the form of the 

occlusal surface because 1) the food specimens for the experiment were prepared in a cuboid shape 

without having a groove, and 2) deformation of the food bolus was relatively large so that the 

contact between the food and the occlusal surface was tightly formed during chewing. 

 

2.2 Material model 
 

In this study, two material cases were considered for the single tooth FE model to validate the 

single tooth model experimentally and to compare the predictions from full skull models. Material 

case 1 represented the materials used to fabricate the test specimens, photopolymer resin 

(Veroclear) and silicone impressions (Examix Fine, GC). According to the given material 

specifications of photopolymer resin, linear-elastic materials models with an elastic modulus of 2.5 

GPa and Poisson’s ratio of 0.3 were assigned to the parts of the tooth, bone, and cap. To define the 

material properties of the silicone impressions, material strength tests were performed as shown in 

Fig. 4(a). Test specimens were prepared according to ISO 527. Tests were performed to measure 

elastic modulus and Poisson’s ratio of silicone impression according to ASTM D638 and ASTM 

D695. We found that the stress-strain curve obtained from compressive test was similar to that 

from tensile test in the initial state. Therefore, elastic modulus for compressive behavior was used 

to fit the Ramberg-Osgood uniaxial formulation of Eq. (1) as depicted in Fig. 4(b). The fitted 

formulation and Poisson’s ratio of 0.4 (Omori et al. 2001) were applied to the PDL part in the form 

of a nonlinear elastic uniaxial stress-strain constitutive model (Zhao et al. 2020). 

𝜀 =
𝜎

𝐸
+
𝛼

𝐸
(
𝜎

𝜎0
)
𝑛−1

𝜎 

Where, E=1.6 MPa, 𝜎0=0.332 MPa, α=0.05, n=3 

(1) 

Material case 2 (Table 1) represented the human tooth, cortical bone, and PDL, to compare the 

results from the single tooth model with those from full skull models, referring to the existing 

studies (Lee et al. 2017, Lee et al. 2019). The full skull models consisted of teeth, skull bones, 

PDL and TMJ disks, and the skull bones composed of cortical bone and cancellous bone. Bone 

part in the single tooth model was simplified as one mass of cortical bone since the scope of this  
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(a) Material strength test (b) Ramberg-Osgood uniaxial curve fitting 

Fig. 4 Material model for the PDL part in material case 1 (silicone impression) 

 

Table 1 Material properties of the human tooth, cortical bone, and PDL (material case 2) 

Part 
Material properties 

Reference 
Elastic modulus Poisson’s ratio 

Human tooth 20.0 GPa 0.30 
Mahoney et al. 2000, Kinney et al. 2003, 

Ryou et al. 2001, Merdji et al. 2013 

Cortical bone 14.5 GPa 0.32 Merdji et al. 2013 

PDL 7.5× 10−4 GPa 0.45 Middleton et al. 1996, Motoyoshi et al. 2002 

 

 

study was to investigate mechanical behaviors of tooth and PDL, not bone. Regarding the material 

properties of the human tooth, this study used linear elastic and non-composite material properties 

of dentin (Mahoney et al. 2000, Kinney et al. 2003, Ryou et al. 2011, Merdji et al. 2013). De 

Santis et al. (2002) reported that the slopes of the stress-strain curves for the tooth structures were 

almost linear, which have been widely adopted for FE models of teeth in the existing literatures. 

Cortical bone materials used elastic modulus and Poisson’s ratio derived from the study by Merdji 

et al. (2013). In addition, the linear-elastic models of the PDL part were assumed as proposed by 

Middleton et al. (1996) and Motoyoshi et al. (2002). Although PDL material behavior is more 

complicated than tooth and bone, most previous studies on the structural behaviors under short-

term forces, i.e., clenching and chewing forces, have assumed that the PDL exhibits linear-elastic 

stress/strain behaviors (Kojima and Fukui 2006, Viecilli et al. 2008, Field et al. 2009, Poiate et al. 

2009, Panagiotopoulou et al. 2011). 

In the chewing simulation, hard candy (Cough drop, Lotte, Korea) was chosen as the material 

for the food bolus to show tooth behaviors under short-term loading condition. Since the candy has 

relatively high elasticity and brittleness, the effect of time dependent material behaviors can be 

neglected from the analyses. To define the material characteristics of the candy, material strength 

tests were conducted with the specimen prepared in similar sizes to the FE food model, 15 × 23 × 

6 mm (width × length × height), using a universal testing machine. According to the test results, 

the linear-elastic material models of candy (E=120.17 MPa, ν=0.2) was assigned to the food bolus 

part. To show tooth behaviors in chewing simulations with different food materials, raw carrot and 

beef jerky were used for parametric study. The material properties of carrot (E=7.34 MPa, ν=0.3) 

and jerky (hyper-elastic material model proposed by Ogden; N=1, μ_1=0.1, α_1=0.9, D_1=9.2) 

were also defined according to the same test method as described above for candy. 

245



 

 

 

 

 

 

Yeokyeong Lee, Minji Kim, Ji-Man Park and Hee Sun Kim  

   
(a) Tooth specimen applied with the 

silicone impression for the PDL 

(b) Tooth installed into the bone 

cube 

(c) Test setup. The bone cube 

was clamped to test-zig 

Fig. 5 Specimen preparation and test setup 

 

 
Fig. 6 Full skull FE model for validation (Lee et al. 2017, Lee et al. 2019) 

 
 
2.3 Clenching and chewing simulations 

 

Clenching and chewing were simulated by moving the cap and food bolus parts downward 5 

mm in the form of displacement control, respectively. The contact issues were resolved using a 

contact formulation with the assumption of the tooth defined as the master, and the cap or food 

bolus as slave surfaces. In addition, finite sliding contact with a friction coefficient of 0.2 (Zheng 

et al. 2003, Wierszycki et al. 2006) was used for the contact behaviors between the tooth and food 

bolus. For boundary conditions, the nodes at the bottom surface of bone were constrained in all 

translational directions. Geometrical nonlinearity and automatic control of the time increment were 

considered during the analyses. For effective calculation, maximum and minimum time increments 

(Abaqus analysis user’s manual) were set as 0.01 second and 1x10-5 seconds, respectively. 

 

2.4 Validation methods 
 

This section describes two cases of validation methods for the proposed single tooth FE model. 

First method is to validate with the experimental approach. Based on the geometry of the FE 

model of the single tooth, test specimens consisting of a tooth, bone cube, and cap were fabricated 

with photopolymer resin (Veroclear, E=2.5 GPa, ν=0.3). To generate the PDL, silicone impression 

(Examix Fine, GC, E=1.6MPa, ν=0.4) was thinly applied to the roots as shown in Fig. 5(a). Strain  
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Fig. 7 Alphabetical representation of the roots. The roots in the palatal, mesial, and distal aspects 

are represented by A, B, and C, respectively. Root C is the smallest radicular root among the three 

 

 

gauges (FLA-03-11-1L, TML, gauge length=0.3 mm) were attached to the outer surface of each 

root before the application of the silicone impression. The tooth was then installed into the bone 

cube (Fig. 5(b)), and the specimen was placed between the loading plate and clamp of the loading 

machine as illustrated in Fig. 5(c). Finally, the specimen was subjected to axial loading of 300N, 

which is the maximum bite force at the first molar (Helkimo et al. 1977, Sultana et al. 2002, 

Sonnesen and Bakke 2005). The loading was repeated five times to ensure consistency of the test 

results. Strains of the roots were acquired using a data logger (TDS-303, Tokyo Measuring 

Instruments Laboratory Co., Ltd., Japan) with a frequency of 50Hz. Moreover, the in-vitro 

experiments were repeated with the addition of the food bolus to simulate chewing of food, such 

that the food bolus of hard candy (Cough drop, Lotte) was prepared at the size of 15 × 23 × 6 mm 

(width × length × height) and placed between the tooth specimen and loading plate. 

Second validation method is to compare with the predicted stress from FE analyses on the full 

skull model (Fig. 6). The full skull modeling process has been proposed and validated 

experimentally in the previous studies (Lee et al. 2017, Lee et al. 2019). Both full skull model and 

single tooth model use material characteristics of the human tooth, PDL, and bone (material case 

2) for predicting realistic stress distributions of the tooth and PDL. In the full skull model of the 

clenching simulation, a z-directional force of 300N was evenly distributed to the occlusal surface 

of tooth #16 in order to obtain the same loading conditions seen in the single tooth model. For the 

chewing simulation, the hard candy bolus in the full skull model was moved upward 5 mm in the 

form of displacement control. 

 

 

3. Result 
 

3.1 Comparison between experiment and FE analysis of single tooth model 
 

The first assessment involved the strains from the experiments and the FE analyses of the 

single tooth model applying material case 1. The predicted strains from FE analyses were obtained 

by averaging the z-directional strains of the elements where strain gauges were located in the 

experiments. The tooth roots in the palatal, mesial, and distal aspects are represented by A, B, and 

C, respectively (Fig. 7). 

In clenching simulations (Fig. 8(a)) when maximum load of 300N, the experimental strains 

(Exp) at roots A, B, and C were measured as -7,238, -1,123, and 1,240 με, respectively. From the 

FE analysis, strains (FEA) at roots A, B, and C were predicted as -6,629, -1,207, and 957 με,  
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(a) Clenching (b) Chewing of candy 

Fig. 8 Strains of tooth roots A, B, and C at maximum load of 300N from the experiment and FE 

analysis of the single tooth model. Both experimental (Exp: dark grey) and analytical (FEA: light 

grey) results were well agreed to each other under clenching and chewing simulations 

 

   
(a) X-direction (Max. +0.14) (b) Y-direction (Max. +0.14) (c) Z-direction (Max. -1.04) 

Fig. 9 Logarithmic strain distributions of the single tooth model 

 

 

respectively. In chewing of the candy (Fig. 8(b)), the experimental strains (Exp) at roots A, B, and 

C were -5,169, -2,742, and 2,981 με, respectively. The predicted strains from FE analysis (FEA) at 

roots A, B, and C were -5,645, -2,646, and 1,107 με, respectively. The differences between the 

experimental and the FE predicted strain values were 3.5~9.2%, except for the results from root C. 

In root C, relatively large discrepancies between the experiment and the prediction were observed, 

such that the predicted strains were smaller that the experimental results. 

This section focuses on the z-directional strains, because the z-direction is matched with the 

directions of clenching as well as chewing. Moreover, strains in the x- and y-directions were much 

lower than that in the z-direction as shown in Fig. 9. The maximum strain value in the z-direction 

was obtained from the single tooth model as 1.04 με in compression, while those in the x- and y-

directions were approximately 0.14 με in tension. 

 

3.2 Comparison between FE analyses of full skull model and single tooth model 
 

The second assessment involved the predictions from full skull FE models and single tooth FE  
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Full skull model Single tooth model 

  
(a) Disto-palatal aspect of the tooth (C_b: Root C_buccal side; A_d-p: Root A_disto-palatal side) 

  
(b) Mesio-buccal aspect of the tooth (A_p: Root A_palatal side; C_d-p: Root C_disto-palatal side) 

  
(c) PDL 

Fig. 10 The z-directional stress distributions of tooth #16 and PDL #16 in the full skull model (left 

column) and the single tooth model (right column) under clenching simulations at force level of 

300N (unit : MPa) 

 

 

models. Fig. 9 shows the z-directional stress distributions of tooth #16 and the PDL of #16 under 

clenching simulations at a bite force level of 300N. Overall, the stress distributions were similar in 

both models, such that relatively high tensile stresses were observed in the disto-palatal aspects of 

roots A and C, whereas the palatal side of root A and the buccal side of root C exhibited 

compressive stresses (Figs. 10(a) and (b)). As shown in Fig. 10(c), high tensile stresses at PDL 

were observed in the apex of roots A and C. 

From the chewing simulations at a force level of 100N, the z-directional stress distributions of 

tooth #16 and PDL of #16 were obtained as illustrated in Fig. 9. In detail, both models predicted 

high tensile stresses at the disto-palatal aspects of roots A and C. High compressive stresses were  
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Full skull model Single tooth model 

  
(a) Tooth (A_p: Root A_palatal side; C_d-p: Root C_disto-palatal side; A_d-p: Root A_disto-

palatal side) 

  
(b) PDL (Tri: Trifurcation of PDL) 

Fig. 11 The z-directional stress distributions of tooth #16 and PDL #16 in the full skull model (left 

column) and the single tooth model (right column) under chewing simulations at force level of 

100N. Note that different scales of stress legends are used depending on the models and parts. 

(unit : MPa) 

 

 

observed from the palatal side of root A, especially on the cemento-enamel junction (Fig. 11(a)). 

Fig. 11(b) also shows similar stress distributions of the PDL in the full skull model and single 

tooth model, such that the tensile stresses were concentrated at the apex of the three roots, while 

stresses at the bottom of the trifurcation were in compression. Stresses at each region predicted 

from the FE simulations on the full skull model and the single tooth model were tabulated in Table 

2. 

 

3.3 Comparison between chewing simulations of single tooth model with different foods 
  

In this section, tooth behaviors in chewing simulations were compared according to different 

food materials. Fig. 12 depicts the relationships between displacement of food bolus and reaction 

force at the fixed region of the single tooth models depending on candy, carrot and jerky. The 

slopes of the curves and the forces predicted at the same displacement are the largest in the case of 

candy, followed by carrot and jerky. It is interesting to note that the stiffest stress-strain curve is 

also found from candy, where the lowest slope is for the jerky as shown in Fig. 13. 

The slope of force-displacement curve from the case of candy is approximately 1.8 times 

higher than that of carrot although elastic modulus of candy (120.7MPa) is around 16 times larger  
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than that of carrot (7.34MPa). It is predicted that bite force during chewing of harder and stiffer 

food increases, but this increased amount is not proportional to the discrepancy among material 

properties of food. 

 

 

4. Discussions 
 

Both the experiment and FE analysis on the single tooth model show that roots A and B 

Table 2 The z-directional stresses predicted from the FE analyses on the full skull model and the 

single tooth model 

Simulation Model Region Stress [MPa] Related figure 

Clenching 

Full skull 

C_b -7.824 
Fig. 8(a) 

A_d-p 4.722 

A_p -10.586 
Fig. 8(b) 

C_d-p 3.698 

A_PDL 0.261 
Fig. 8(c) 

C_PDL 0.298 

Single tooth 

C_b -7.246 
Fig. 8(a) 

A_d-p 4.388 

A_p -11.310 
Fig. 8(b) 

C_d-p 3.932 

A_PDL 0.271 
Fig. 8(c) 

C_PDL 0.366 

Chewing 

Full skull 

A_p -2.389 

Fig. 9(a) C-d-p 1.470 

A_d-p 1.365 

B_PDL 0.043 

Fig. 9(b) 
C_PDL 0.137 

Tri -0.785 

A_PDL 0.159 

Single tooth 

A_p -7.421 

Fig. 9(a) C-d-p 3.301 

A_d-p 3.956 

B_PDL 0.081 

Fig. 9(b) 
C_PDL 0.150 

Tri -0.822 

A_PDL 0.467 

C_b: Buccal side of root C; A_d-p: Disto-palatal side of root A; A_p: Palatal side of root A; C_d-

p: Disto-palatal side of root C; A_PDL: PDL of root A; C_PDL: PDL of root C; B_PDL: PDL of

 root B; Tri: Trifurcation at PDL 
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underwent compressive strains, while root C exhibited tensile strains (Fig. 8). It is most likely that 

the dental roots were compressed as the tooth was subjected to clenching and chewing forces. 

However, root C was in tension maybe because root C is the smallest radicular root among the 

three and it an outstretched shape unlike the other roots. This particular shape of root C might 

cause leaning of the tooth as other roots were forced toward the bottom. Moreover, the predicted 

strains from FE analyses were lower than the experimental strains, especially in root C. This may 

be due to the differences in the geometries of the test specimen and the FE model. In preparation 

of the test specimen, the circumstantial bone of the root had to be relatively large in order to make 

the insertion of the tooth easier. In addition, the silicone impression material was not evenly 

applied to the roots, which stiffened the experimental strain-force curves. Geometrical sensitivity 

could also be found in the existing literature, where Hohmann et al. (2011) reported that geometry 

is a critical factor in determining the structural behaviors of a tooth applied with high loads, such 

as bite forces in our FE studies. The studies conducted by Choy et al. (2000) and Ona and 

Wakabayashi (2006) suggested that the reduction of alveolar bone height and the widening of the 

PDL space creates an increase in maximum principal stress in the periodontal structures. In 

addition, PDL thickness has a remarkable effect on stress distributions in the tooth and PDL 

(Hohmann et al. 2011, Vikram et al. 2012). From both the clenching and chewing simulations, the 

predicted strains from FE analyses were well-matched with those of the experiment, except for 

root C. This result indicates that the surrounding PDL and bone were relatively sensitive to 

geometry due to root C being the smallest among the three roots. Considering the geometrical 

differences, it can be justified that the accuracy of the proposed single tooth model is valid 

experimentally in clenching and chewing simulations. 

In comparison between the FE models of full skull and single tooth, the bone part in the single 

tooth model is simplified as one mass of cortical bone, while the full skull model is composed with 

cortical bone and cancellous bone. Despite of the simplification of the bone part in the single tooth 

model, stress distributions of the root and PDL were comparable to those predicted from the full 

skull model. The study conducted by Nevah et al. (2012) also reported that the overall tooth 

movement responses were similar regardless of the materials where tooth was embedded, through 

the in-vitro experiments on tooth in the mandible and the tooth in Epoxy. However, adjacent teeth 

in the full skull FE model cause the differences of stress contour at crown. From the clenching 

simulations, the tooth in the full skull model exhibited high tensile stresses at the mesial and distal 

aspects of the crown (Figs. 10(a) and 10(b)) due to the contact forces between tooth #16 and the 

adjacent teeth (#15 and #17). As illustrated in Fig. 11(a), the crown of the single tooth model 

experienced relatively higher stresses than the full skull model with stress ranges in both models 

being different under chewing simulations. This is due to the interfaces between the tooth and food 

bolus being not modeled as a perfect match in the single tooth model, while the food bolus in the 

full skull model was cut in the form of the occlusal surfaces of the antagonistic teeth. Nonetheless, 

the degrees of discrepancy in the crown can be neglected, because the stresses observed in the 

crown were much smaller than those in the root and crown is not important part to evaluate tooth 

behaviors in coronal-apical direction. It is reported that the short-term structural behavior of teeth 

is primarily governed by their PDL because teeth are virtually rigid and are connected to an almost 

as rigid alveolar bone by the PDL (Natali 2003). Since our clenching and chewing simulations can 

be considered as a short-term tooth movement in coronal-apical direction, the PDL and the root 

covered by the PDL are more important regions to evaluate the structural behaviors of tooth. In 

considering the stress distributions of the root and PDL, the proposed single tooth model is in good 

agreement with the full skull model under clenching and chewing simulations. It intends that the  
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Fig. 12 Force-displacement curves from chewing simulations with different foods 

 

 
Fig. 13 Stress-strain curves of food materials obtained from tests 

 

 

single tooth FE model is a reasonable approach to simulate and predict the tooth behaviors in the 

coronal-apical direction. 

Even though the modeling methods were validated in short-term movement, the single tooth 

model might overestimate structural and mechanical behaviors when simulating large deformation 

or long-term movement. It is because this study used the simplified material properties, boundary 

conditions, and contact formulations based on the assumptions. If the observation of the behaviors 

in large deformation and long-term movement is required, the limitations must be overcome using 

micro-level composite material models and applying contact formulations between junctions. 

Nevertheless, the proposed single tooth model is justified since the scope of this study considered 

only small deformation of parts and short-term movements of clenching and chewing. 

 

 

5. Conclusions 
 

This study presents the single tooth model for predicting tooth behaviors under clenching and 

chewing simulations. 

• The accuracy of the proposed single tooth FE model is validated with the in-vitro test using 

tooth-PDL-bone complex. The strains of tooth roots obtained from FE analysis are in good 

agreement with the experimental results in general. The discrepancy can be explained by the 

geometrical differences between the FE model and the test specimen.  
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• The comparison with the full skull FE model shows that the tooth behaviors in coronal-apical 

direction are reasonably predictable from the single tooth model. It intends that the predictions 

from the single tooth model are acceptably reasonable though the effects of neighboring teeth 

and bone are not considered.  

• The proposed single tooth model is able to predict structural and mechanical behaviors of 

tooth-PDL-bone complex under clenching and chewing conditions. 
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