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Abstract. To investigate the stress distribution of a severely damaged maxillary anterior tooth restored with a computer-aided 
design/computer-aided manufacturing (CAD/CAM) glass-fiber post system. Twelve models were fabricated with different 
alveolar bone levels and cervical dentin wall thicknesses and studied using a two-dimensional finite element method. A force 
of 100 N was applied to the lingual surface of the crown at 45 degrees, and the maximum von Mises stress was calculated. A 
higher stress level was observed in the dentin than in the post and crown. With the reduction of dentin thickness, the 
maximum von Mises stress in the dentin increased slightly to a peak at a thickness of 1.5 mm, followed by a slight decrease 
at a thickness of 1.0 mm. However, the relative ratio (RR) values did not show a large difference (RR > 80%). Meanwhile, a 
large difference in RR values was observed with a change in bone level (RR < 80%). When using a CAD/CAM glass-fiber 
post system, the maximal von Mises stress was significantly affected by the bone level, rather than by the dentin thickness. 
Moreover, this system may be applied to the treatment of a maxillary anterior tooth with a bone level of only 2/3. 
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1. Introduction  

Major advances in endodontic therapy have significantly altered the practice of dentistry. Teeth that 
were once considered non-restorable and extracted are now commonly treated endodontically and 
restored to function. Currently, it is common to place a dowel and core in order to improve the 
retention of the subsequent crown in cases of unsubstantial tooth structure. It is believed that the dowel 
plays an important role in strengthening the retention of the tooth. However, structurally compromised 
teeth are not reinforced by post insertion when subjected to sustained masticatory forces [1]. Several 
factors that influence the strength of endodontically treated teeth have been discussed. Chieruzzi, et al. 
found that masticatory loads were strictly related to the bond at the interface of the post/cement and 
the cement/dentin [2]. The resistance of endodontically treated premolars to fracture is dependent on 
the number of residual coronal dentin walls [3, 4]. Considering these conditions, it makes restoring the 
shape of teeth more complicated. Therefore, choosing an appropriate prosthesis is very important for  
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Table 1  

Mechanical properties of the dental structures and materials used in this study 

Material Elastic modulus (GPa) Poisson’s ratio 

Dentin 18.6 0.31 

Gutta-percha 0.00069 0.45 

Glass-fiber post 20 0.30 

Glass-ceramic 62 0.30 

 
the durability of endodontically treated teeth. 

Some studies indicate that the elastic modulus of the post is similar to that of the dentin and core, 
and that it has a better biomechanical performance [5, 6]. Stainless steel posts present a higher level of 
stress concentration than some other post materials because of their highly elastic modulus [7]. 
Compared to other post systems, fiber reinforcement posts do not provide any increase in fracture 
resistance [8]. A large amount of glass-fiber posts and composite resin cores are separated, which may 
lead to failure of the restoration due to a weak interface [9]. In addition, Bitter, et al. [10] found that 
nanoleakage may occur at the edge of the crown and destroy the hermetic luting systems in the root. 
Furthermore, the diameters of glass-fiber posts are not completely adaptive to the prepared space. A 
clinical report [11] has shown that a glass-fiber post fabricated using a computer-aided 
design/computer-aided manufacturing (CAD/CAM) system was better than a prefabricated one for the 
treatment of a severely damaged anterior tooth. 

The load capability of endodontically treated teeth restored with posts is closely related to horizontal 
bone loss. Periodontitis not only causes bone loss, but also increases the failure rate of endodontic 
treatments [12]. A linear relationship was discovered between the amount of horizontal bone loss and 
the magnitude of force encountered by restored teeth [13].  

The purpose of the present study was to evaluate the stress distribution of a severely damaged 
maxillary anterior tooth with differing levels of alveolar bone loss that was restored with a CAD/CAM 
glass-fiber post system, using the finite element method (FEM).  

2. Materials and methods  

An extracted, sound maxillary canine without cracks, fractures, or caries, obtained from the 
Department of Anatomy of the Southern Medical University, was selected in compliance with the 
standard criterion of a Chinese human tooth. The sample was 29.8 mm long, with crown and root 
lengths of 11.5 mm and 18.3 mm, respectively. Four different thicknesses of cervical dentin (1, 1.5, 2, 
and 2.5 mm) were studied. Alveolar bone loss was evaluated at horizontal bone levels of 1/3, 1/2, 2/3, 
and no bone loss (Figures 1 and 2). Models were endodontically treated and restored with a 
CAD/CAM glass-fiber post and core as well as a complete lithia-disilicate-based glass ceramic crown. 
Adhesion at all interfaces was considered equal. 

A two-dimensional FEM was constructed based on the labiolingual cross-sectional anatomical 
measurements of the sample. ABAQUS 6.6 software was used as a platform for the FEM. The model 
was meshed with 3 degrees of freedom per node, thus resulting in a model with 6296 elements and 
3267 nodes. The mechanical properties of the materials used in this study are listed in Table 1. A load  
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Fig. 1. Models with differing dentin wall thicknesses and 
boundary conditions. a: 1 mm, b: 1.5 mm, c: 2 mm, d: 2.5 
mm. 

Fig. 2. Models with different boundary conditions 
simulating alveolar bone loss: a. 1/3 bone level, b. 1/2 
bone level, c. 2/3 bone level, d. no bone loss. 

 
of 100 N was applied to the crown at 45 degrees, 3 mm below the incisal edge of the lingual surface 
[14]. The maximal von Mises stresses in different regions and under different conditions were 
calculated. The relative ratio (RR) values of each group were calculated as follows: 

 
RR = pgi/pmax × 100% 

 
where pgi (g = group number, i = 1, 2, 3…) represents the maximum von Mises stress (MM) of each 
condition in each group, and pmax represents the maximum MM in the group. An RR < 80% was 
considered to indicate a significant difference. 

3. Results  

The maximum von Mises stress was higher in the dentin than in the post and crown (Table 2 and 
Figures 3-5). With a reduction in dentin thickness, the maximum von Mises stress increased slightly 
and reached a peak at a thickness of 1.5 mm, followed by a slight decrease at a thickness of 1.0 mm 
(Table 3). However, all of the RR values of each bone level were higher than 80% and did not show 
large differences. Therefore, stress was not affected by dentin thickness. 
The level of von Mises stress in the dentin was significantly affected by bone level (Table 4 and Figure 
4). The RR values of each dentin wall thickness were all lower than 80% and showed significant 
differences, indicating that stress was significantly influenced by bone level. 

4. Discussion  

This study investigated stress distribution with diverse alveolar bone levels and cervical dentin wall  
 

Table 2 

Maximum von Mises stress values in different regions with various dentin wall thicknesses and bone levels (MPa) 

Thickness of Lower 1/3 Middle 1/2 Upper 1/3 No bone loss 

dentin wall Dentin Post Crown Dentin Post Crown Dentin Post Crown Dentin Post Crown

1.0 mm 486.2 121.6 81.03 293.4 48.91 73.36 173.8 43.46 86.92 142.6 39.2 85.8 
1.5 mm 518.2 86.37 86.37 313.4 52.24 78.36 201.0 33.5 83.75 168.4 31.8 84.7 
2.0 mm 470.8 117.7 78.47 262.9 43.81 87.62 171.5 42.88 85.75 139.7 38.4 84.9 
2.5 mm 454.7 113.7 75.78 262.3 43.72 87.45 169.3 28.22 84.67 137.9 26.7 85.2 
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Table 3 

Dentin relative ratio (RR) values of different bone levels 

 Lower 1/3 RR Middle 1/2 RR Upper 1/3 RR No bone loss RR 

1.0 mm 486.2 94% 293.4 94% 173.8 86% 142.6 86% 

1.5 mm 518.2 100% 313.4 100% 201.0 100% 168.4 100% 

2.0 mm 470.8 91% 262.9 84% 171.5 85% 139.7 83% 

2.5 mm 454.7 88% 262.3 84% 169.3 84% 137.9 82% 

 

 
Fig. 3. Stress distribution in teeth with differing levels of bone loss and under 1.5 mm of dentin thickness. a: Bone 
level of lower 1/3, b: Bone level of 1/2, c: Bone level of upper 1/3, d: No bone loss. 
 

 
Fig. 4. Stress distribution in teeth with differing levels of bone loss and under 2.0 mm of dentin thickness. a: Bone 
level of lower 1/3, b: Bone level of 1/2, c: Bone level of upper 1/3, d: No bone loss. 
 

 
Fig. 5. Stress distribution in teeth with differing levels of bone loss and under 2.5 mm of dentin thickness. a: Bone 
level of lower 1/3, b: Bone level of 1/2, c: Bone level of upper 1/3, d: No bone loss. 
 

thicknesses. The maximum von Mises stress was significantly reduced in the dentin when alveolar 
bone level increased, but was only slightly reduced when dentin wall thickness increased. 

4.1. Alveolar bone level 

Our results demonstrated a reduction in von Mises stress in a severely damaged tooth when alveolar 
bone level increased. There was no obvious stress concentration in the dentin except in the load  
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Table 4 

Dentin RR values of different dentin wall thicknesses 

 Lower 1/3 Middle 1/2 Upper 1/3 No bone loss

1.0 mm 486.2 293.4 173.8 142.6 

RR 100% 60% 36% 29% 

1.5 mm 518.2 313.4 201.0 168.4 

RR 100% 60% 39% 32% 
2.0 mm 470.8 262.9 171.5 139.7 

RR 100% 56% 36% 30% 

2.5 mm 454.7 262.3 169.3 137.9 

RR 100% 58% 37% 30% 
 

application and boundary restraint regions. At a bone level of 1/3 with a dentin wall thickness of 2.5 
mm, the maximum von Mises stress was 454.7 MPa in the dentin; all stress values were higher than 
the dentin stress limit, which may increase the chance of root fracture [15]. In periodontitis patients, 
endodontic treatment of teeth induces more alveolar bone loss than that present in untreated teeth [16]. 

The results of the current study were similar to those of an in vitro study by Naumann, et al. [17], 
who found that the load capability reduced significantly with the loss of alveolar bone. In addition, 
Roscoe, et al. [12] discovered that stress concentration significantly increased when bone loss reached 
5 mm. The effect of different bone levels on the maximum von Mises stress in the dentin is shown in 
Figure 4. The difference between the three bone levels tested was significant. An in vitro study [18] 
assessing the effects of the loss of alveolar bone from the area of the periodontal ligament found a 
decrease in the area of the periodontal ligament and a diminution of the fracture resistance of the root 
and post-core system. In addition, the force magnitude was probably reduced by the loss of horizontal 
bone, and the function of the tooth was damaged. Moreover, a long-term follow up found that maxillary 
fixed retainers might lead to accumulation of plaque, but had no significant influence on periodontal 
health [19].  

4.2. Dentin wall thickness 

In the current study, the differences in stress values between the four different dentin thicknesses 
tested were minor. The reason for this may be that changes in the dentin wall thickness take place only 
in the top area of the tooth and not in the lower area. With similar levels of alveolar bone loss, the 
maximum and minimum levels of stress were observed at thicknesses of 1.5 mm and 2.5 mm, 
respectively (Figure 6). Compared with a thickness of 1.5 mm, stress at a thickness of 2.5 mm was 
slightly increased in the post, but slightly decreased in the dentin (Figures 3 and 5). In general, stresses 
in the dentin were much larger than those in the post and crown (Table 2), so the fracture risk in the 
dentin was relatively higher. An in vitro study investigated the fracture resistance of different dentin 
thicknesses, and indicated that a thinner dentin layer significantly decreased the fracture resistance of 
severely damaged teeth restored with glass-fiber posts [20]. Moreover, an in vitro study [3] focusing 
on different degrees of substance loss pointed out that glass-fiber posts placed in endodontically 
treated premolars could only be preserved when fewer than 2 cavity walls were present. In the current  
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Fig. 6. Maximum von Mises stress in the dentin at different bone levels and dentin thicknesses. 

 
study, the elastic modulus of the glass-fiber (20 GPa) was very similar to that of the dentin. The results 
of this study correlated with those of an in vitro study demonstrating that glass-fiber posts with a wider 
coronal diameter could be preserved well [21]. Therefore, in the case of a certain amount of retained 
tooth structure, a severely damaged canine restored with a CAD/CAM glass-fiber post system 
performed like a sound tooth when receiving an intraoral load [22]. 

When using the FEM, numerical results can be obtained easily in a shorter time via two-dimensional 
modeling. The FEM is known to be an initial step that can provide guidance for further laboratory tests 
and clinical research. Therefore, further clinical studies in this area are needed. 

5. Conclusion 

When using a CAD/CAM glass-fiber post system, the maximal von Mises stress was significantly 
affected by bone level, rather than by dentin thickness. Moreover, a CAD/CAM glass-fiber post 
system may be applied for the treatment of a severely damaged anterior tooth with a bone level of only 
2/3. 

Acknowledgments 

This work was supported by the National Natural Science Foundation of China (31070857, 
50973045, 51172283, 81400557), and the Project on the Integration of Industry, Education, and 
Research of Guangdong Province, China (2012B091000147). 

References 

[1] P. Oyar, The effects of post-core and crown material and luting agents on stress distribution in tooth restorations, Journal 
of Prosthetic Dentistry 112 (2014), 211-219. 

[2] M. Chieruzzi, M. Rallini, S. Pagano, S. Eramo, P. D'Errico, L. Torre and J.M. Kenny, Mechanical effect of static loading 
on endodontically treated teeth restored with fiber-reinforced posts, Journal of Biomedical Materials Research Part 
b-Applied Biomaterials 102 (2014), 384-394. 

[3] J.T. Mangold and M. Kern, Influence of glass-fiber posts on the fracture resistance and failure pattern of endodontically 
treated premolars with varying substance loss: An in vitro study, Journal of Prosthetic Dentistry 105 (2011), 387-393. 

A. Chen et al. / Finite element analysis to study the effects of using CAD/CAM glass-fiber post systemS524



 

[4] Q.Q. Hou, Y.M. Gao and L. Sun, Influence of fiber posts on the fracture resistance of endodontically treated premolars 
with different dental defects, International Journal of Oral Science 5 (2013), 167-171. 

[5] P.C. Lazari, R.C.N. de Oliveira, R.B. Anchieta, E.O. de Almeida, A.C. Freitas, S. Kina and E.P. Rocha, Stress 
distribution on dentin-cement-post interface varying root canal and glass fiber post diameters. A three-dimensional finite 
element analysis based on micro-C data, Journal of Applied Oral Science 21 (2013), 511-517. 

[6] C. Verissimo , P.C. Simamoto, C.J. Soares, P.Y. Noritomi and P.C.F. Santos, Effect of the crown, post, and remaining 
coronal dentin on the biomechanical behavior of endodontically treated maxillary central incisors, Journal of Prosthetic 
Dentistry 111 (2014), 234-246. 

[7] S. Afroz, A. Tripathi, P. Chand and R. Shanker, Stress pattern generated by different post and core material combinations: 
a photoelastic study, Indian Journal of Dental Research: Official Publication of Indian Society for Dental Research 24 
(2013), 93-97. 

[8] N. Scotti, F.A.C. Borga, M. Alovisi, R. Rota, D. Pasqualini and E. Berutti, Is fracture resistance of endodontically treated 
mandibular molars restored with indirect onlay composite restorations influenced by fibre post insertion? Journal of 
Dentistry 40 (2012), 814-820. 

[9] M. Vano, C. Goracci, F. Monticelli, F. Tognini, M. Gabriele and F.R. Tay, The adhesion between fibre posts and 
composite resin cores: The evaluation of microtensile bond strength following various surface chemical treatments to 
posts, International Endodontic Journal 39 (2006), 31-39. 

[10] K. Bitter, J. Perdigao, C. Hartwig, K. Neumann and A.M. Kielblassa, Nanoleakage of luting agents for bonding fiber 
posts after thermomechanical fatigue, Journal of Adhesive Dentistry 13 (2011), 61-69. 

[11] P. Liu, X.L. Deng and X.Z. Wang, Use of a cad/cam-fabricated glass fiber post and core to restore fractured anterior 
teeth: A clinical report, Journal of Prosthetic Dentistry 103 (2010), 330-333. 

[12] M.G. Roscoe, P.Y. Noritomi, V.R. Novais and C.J. Soares, Influence of alveolar bone loss, post type, and ferrule presence 
on the biomechanical behavior of endodontically treated maxillary canines: Strain measurement and stress distribution, 
Journal of Prosthetic Dentistry 110 (2013), 116-126. 

[13] C.W. Ni, C.H. Chang, T.Y.F. Chen and S.F. Chuang, A multiparametric evaluation of post-restored teeth with simulated 
bone loss, Journal of the Mechanical Behavior of Biomedical Materials 4 (2011), 322-330. 

[14] L.B. Torcato, E.P. Pellizzer, F.R. Verri, R.M. Falcon-Antenucci, V.E. Batista and L.F. Lopes, Effect of the parafunctional 
occlusal loading and crown height on stress distribution, Brazilian Dental Journal 25 (2014), 554-560. 

[15] P.C. Santos Filho, P.V. Soares, B.R. Reis, C. Verissimo and C.J. Soares, Effects of threaded post placement on strain and 
stress distribution of endodontically treated teeth, Brazilian Oral Research 27 (2013), 305-310. 

[16] D. Adyani-Fard, T.S. Kim and P. Eickholz, Interproximal bone loss at contra-lateral teeth with and without root canal 
filling in periodontitis patients, Journal of Clinical Periodontology 38 (2011), 269-275. 

[17] M. Naumann, M. Rosentritt, A. Preuss and T. Dietrich, The effect of alveolar bone loss on the load capability of restored 
endodontically treated teeth: A comparative in vitro study, Journal of Dentistry 34 (2006), 790-795. 

[18] W. Komada, H. Miura, D. Okada and K. Yoshida, Study on the fracture strength of root reconstructed with post and core: 
alveolar bone resorbed case, Dental Materials Journal 25 (2006), 177-182. 

[19] P. Dietrich, R. Patcas, N. Pandis and T. Eliades. Long-term follow-up of maxillary fixed retention: Survival rate and 
periodontal health, European Journal of Orthodontics 37 (2015), 37-42. 

[20] M. Toman, S. Toksavul, M. Sarikanat, I. Nergiz and P. Schmage, Fracture resistance of endodontically treated teeth: 
Effect of tooth coloured post material and surface conditioning, The European Journal of Prosthodontics and Restorative 
Dentistry 18 (2010), 23-30. 

[21] V.F. Wandscher, C.D. Bergoli, I.F. Limberger, T.M. Ardenghi and L.F. Valandro, Preliminary results of the survival and 
fracture load of roots restored with intracanal posts: Weakened vs nonweakened roots, Operative dentistry 39 (2014), 
541-555. 

[22] L.A. Mezzomo, L. Corso, R.J. Marczak and E.G. Rivaldo, Three-dimensional FEA of effects of two dowel-and-core 
approaches and effects of canal flaring on stress distribution in endodontically treated teeth, Journal of Prosthodontics: 
Official Journal of the American College of Prosthodontists 20 (2011), 120-129. 

A. Chen et al. / Finite element analysis to study the effects of using CAD/CAM glass-fiber post system S525


