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Abstract 
 

Aim: The aim of this study was to evaluate the effects of two 

geometrically different fiber post systems and two different placing 

lengths on the stress distribution of endodontically treated teeth.  

Methodology: Four different mandibular premolar tooth models 

were created. These models were restored using oval or circular fiber 

posts with two different placing lengths. An oblique force of 300 N was 

applied to the top of the tooth, and von Mises stress evaluations were 

carried out on the dentin tissue, luting cement, and fiber posts.  

Results: The maximum von Mises stresses were observed in the 10-

mm long circular fiber post model, while the minimum stresses were 

seen in the 5-mm long oval fiber post model. In general, the oval fiber 

post models presented more homogeneous stresses than the circular 

fiber post models. Moreover, the 10-mm long fiber post models 

generated greater von Mises stresses than the 5-mm long fiber post 

models in the dentin tissue and luting cement.  

Conclusions: According to the study findings, the use of oval fiber 

posts at both placing lengths is suggested for oval shaped root canals 

due to the lower stress concentrations. 

 

Keywords: Circular fiber post, finite element analysis, oval fiber 

post, placing length, von Mises stress

Introduction 
 

Generally, additional restoration is required to 

compensate for the lack of coronal tissues in a tooth, 

and this is accomplished by using a post and core in the 

root canal of that tooth. Fiber posts are preferred 

because of their elastic modulus, which is compatible 

with that of dentin, and they provide good resin 
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adhesion (1). As a result, a uniform stress distribution 

along the root structure can be obtained (1, 2). When 

considering that the percentage of oval-shaped canals 

in the dentition is high, especially in the apical region 

(3), in order to abstain from using circular fiber posts 

in oval canals, oval fiber posts have been introduced to 

provide better adaptation to the dentin walls (4). Thus, 

improved post adhesion and retention strength are 

achieved with the use of oval fiber posts in oval root 

canals (5, 6).  

Some previous studies have revealed that an 

increased fiber post length can contribute to 

distributing the stress and preventing root fractures 

with more bonded areas (7, 8). However, some studies 

have shown that endodontically treated teeth are not 

strengthened by increasing the post length (9). 

Therefore, additional evidence is needed to determine 

the proper fiber post length.  

A finite element analysis (FEA) involves a series of 

computational procedures to predict specific 

outcomes, including mechanical behavior, for a 

complex and specific geometric assembly. This is 

achieved by integrating the results obtained from 

smaller elements defined by a specific mesh. This 

analysis is extremely useful for indicating the 

mechanical aspects of biomaterials and human tissue 

that can be difficult to measure in vivo (10).   

Because post designs (11) and post lengths (7) play 

important roles in stress distribution in the dentin and 

surrounding structures, this study aimed to compare 

the effects of 2 geometrically different fiber post 

systems and 2 different placing lengths on the stress 

distribution of endodontically treated teeth by means 

of an FEA.   

Materials and Methods 
 

A 3D-model of a mandibular lower premolar with 

an oval root canal was created in this study. The crown-

restored tooth and surrounding tissues were modelled 

using the ANSYS software program (ver. 15; ANSYS Inc., 

Canonsburg, PA, USA). The average anatomical 

dimensions of the surrounding tissues and the geometry 

used for the tooth models were created for this study 

in accordance with the literature (12, 13). Four 

different restored teeth were modelled to represent 

two different geometrically shaped fiber posts with two 

different placing lengths into the root canals. The tooth 

models were created as follows:  

Model 1 (M1): Circular fiber post placed 10 mm in 

the canal.  

Model 2 (M2): Circular fiber post placed 5 mm in 

the canal.  

Model 3 (M3): Oval fiber post placed 10 mm in the 

canal.  

Model 4 (M4): Oval fiber post placed 5 mm in the 

canal.  

The four models of the crown-restored teeth 

(including a 1 mm ferrule) were composed of a 

porcelain crown, dentin, composite core, crown-core 

adhesive layer, dentin-post adhesive layer, cortical 

bone, spongy bone, periodontal ligament (PDL), root 

canal gutta-percha filling, and oval or circular fiber 

posts. The properties of these materials are listed in 

Table 1 (1, 7). All of the materials were considered to 

be homogeneous, isotropic, and linearly elastic. 

 

 

Table 1. Material properties used in the finite element models. 

 

 

 

 

 

 

 

 

aFrom Er et al. 
bFrom Asmussen et al. 

 
 

Material Young's modulus (GPa) Poisson's ratio 

Dentina 18.6 0.31 

Resin corea 15.5 0.30 

Gutta-perchaa 0.00069 0.45 

Porcelaina 69 0.28 

Oval fibre posta 26 0.23 

Circular fibre posta 26 0.23 

Cortical bonea 13.7 0.30 

Sponge bonea 1.37 0.30 

Periodontal ligamentb 0.0689 0.45 
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The 3D meshes were created through 10-node 

tetrahedral elements with quadratic displacement 

shape functions and three degrees of freedom per 

node, with a mesh size mean value of about 0.5 mm, 

resulting from an optimization process based on the 

convergence analyses. The models were created using 

approximately 416,996 nodes and 271,984 tetrahedral 

solid elements (Fig. 1). The continuity of the 

displacement fields through the material interfaces 

was imposed.   

 

 

Figure 1. Meshed model containing elements and nodes. 

 

This FEA study tested D.T. Light circular fiber 

posts (Bisco Inc., Schaumberg, IL, USA) with apical 

diameters of 1.1 mm and Ellipson oval fiber posts 

(RTD/Satelec, Merignac, France) with apical diameters 

of 1.1 mm. The thicknesses of the luting material 

between the post and root dentin and between the core 

and porcelain crown were equal to approximately 200–

250 µm. An oblique force of 300 N was applied to the 

top of the tooth, angled at 45° with respect to the 

occlusal plane, and oriented toward the buccal side. 

The linear analyses were performed under defined 

loading conditions. The von Mises stress (equivalent 

stress) evaluations were carried out on the fiber posts, 

luting cement, and root dentin. In order to visualize the 

stress distributions in the FEA models more easily, the 

calculated numeric data were converted into color 

graphics.  

 

Results 

 

Stresses generated in the root dentin tissue 

 

The stresses were concentrated in both the oval 

and circular fiber post models at nearly the middle 

third of the root dentin. The von Mises stresses in the 

root dentin increased with an increasing fiber post 

placing length in both the circular post and oval post 

models. M1 showed greater stress values than M3, and 

M2 showed greater stress values than M4. The maximum 

stresses were observed in M1, and the minimum were 

in M4. The circular fiber post models generated greater 

von Mises stresses than the oval fiber post models in 

the dentin tissue at the different placing lengths of 

posts (Fig. 2). The maximum von Mises stress values 

recorded within the dentin are summarized in Table 2.

 

 

Figure 2. Stress distributions in the dentin tissue, luting cement, and fiber posts. The red color shows the maximum stress, 

while the blue color shows the minimum stress. Each model should be evaluated based on its own color scale. 
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Stresses generated in the luting cement 

 

In both the circular and oval fiber post models, 

greater stresses were generated in the luting cement 

when the placing length was increased. M1 showed 

greater stress values than M3, and M2 showed greater 

stress values than M4. The maximum von Mises stresses 

were observed in M1, and the minimum were in M4. The 

stresses were especially concentrated in the apical 

region of the luting cement in the circular fiber post 

models; however, in the oval fiber post models, the 

stresses were more homogeneous along the luting 

cement (Fig. 2). The maximum von Mises stress values 

recorded within the dentin are summarized in Table 2. 

Stresses generated in the luting cement 

 

In both the circular and oval fiber post models, 

greater stresses were generated in the luting cement 

when the placing length was increased. M1 showed 

greater stress values than M3, and M2 showed greater 

stress values than M4. The maximum von Mises stresses 

were observed in M1, and the minimum were in M4. The 

stresses were especially concentrated in the apical 

region of the luting cement in the circular fiber post 

models; however, in the oval fiber post models, the 

stresses were more homogeneous along the luting 

cement (Fig. 2). The maximum von Mises stress values 

recorded within the dentin are summarized in Table 2. 

 

 

Table 2. Maximum von Mises stress values of the finite element analysis models (MPa). 
 

Maximum Stress Values (MPa) 
 

Dentin Tissue Luting Cement Fiber Post 

M1 (10-mm Circular Fiber Post) 154 339.37 388 

M2 (5-mm Circular Fiber Post) 114 150 381 

M3 (10-mm Oval Fiber Post) 132 215 79.7 

M4 (5-mm Oval Fiber Post) 99.8 18.9 45.2 

 

 

Discussion 

 

Oval fiber posts were produced to better match 

the canal’s cross sectional shape while avoiding 

excessive dentin removal during a circular post space 

preparation (14). The manufacturer has reported that 

this system leads to less fractures (15). In contrast, a 

novel study reported less fracture resistance in oval 

fiber post groups than in circular fiber post groups (16). 

Krastl et al. evaluated the fracture resistance of oval 

and circular post-restored teeth with composite 

crowns, and did not find a significant difference (14). 

In a previous FEA study, oval and circular post 

restorations were compared by Er et al. who found that 

the circular fiber posts generated more stress on the 

residual root dentin than the oval fiber posts (1). Pest 

et al. showed in a finite modeling study of lower 

premolar teeth that the highest von Misses stresses 

were concentrated in the coronal part of the root (8). 

In addition, some studies have revealed that longer 

fiber posts distribute the stress and prevent root 

fractures with more bonded areas (7, 8, 17). 

Conversely, some studies have shown that 

endodontically treated teeth are not strengthened by 

increasing the post length (9, 18). It can be seen that 

there is contradictory data about the effects of the 

placing lengths and geometric shapes of fiber posts in 

the literature. Therefore, this study was designed to 

investigate the effects of different post shapes and 

placing lengths on the stress distribution of crown-

restored premolars with oval canals.    

The stresses in the root dentin tissue were found 

to be greater in the 10-mm fiber post models than in 

the 5-mm fiber post models. Moreover, the use of a 

circular fiber post in the mandibular premolar tooth 

that was modelled with an oval canal caused more 

stress than the use of an oval fiber post at the different 

placing lengths. Oval fiber post systems and short fiber 

posts do not require much preparation due to the 

natural shape of the canal. Thus, more protected 

dentin tissue might occur with the lower stress 

concentrations. In all of the FEA models in this study, 

the stresses generated on the buccal sides of the roots 

were greater than those on the lingual sides. This could 

be related to the oblique force that was applied to the 

occlusal plane and oriented toward the buccal side. In 

one FEA study, Hsu et al. applied a 300-N force at an 

angle of 45 degrees to the palatal surfaces of the upper 

central teeth that were restored with fiber posts, and 
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stated that the maximum stresses were concentrated 

between the root dentin and adjacent cortical bone 

(19). In the 5-mm fiber post models in this study, the 

maximum stresses were concentrated more cervically 

than in the 10-mm fiber post models. This could be 

related to the moment effect of the short fiber posts 

(5-mm length).  

Adhesive failures associated with fiber posts are 

common and usually occur along the luting resin 

cement that fills the post-dentin interface (20). 

Previous stress evaluations of luting cement have 

indicated that 10-mm long fiber post models generate 

greater von Mises stresses than 5-mm fiber post models 

in different geometrically shaped posts. This could be 

related to the increased thicknesses of the luting 

cement in the short fiber post models. The greater 

stress concentrations in the long fiber post models (10-

mm length) could be generated from the thinner 

structure of the luting cement. In the 5-mm fiber post 

models, the fiber post diameters were incompatible 

with the root canal diameters, especially in the coronal 

third. Thus, the luting resin cement thickness was 

greater than that in the 10-mm fiber post models. In 

the literature, some authors reported that a thinner 

luting cement thickness caused greater bond strength 

values (21, 22), while other authors did not observe 

these findings (23, 24). In contrast, some authors 

advocated that a thicker luting cement was better for 

the retention of fiber posts (20, 25). Overall, the 

studies on this issue are controversial; however, if 

these results are taken into account in terms of the 

FEA, a thinner material structure could generate more 

concentrated stresses within the material. In the 

present study, the stresses were especially 

concentrated in the apical part of the luting resin in 

the circular fiber post models, but more homogeneous 

in the oval fiber post models. This may be due to the 

better fit of the oval post in the post space (5, 6) and 

the more stable stress distribution. In circular fiber 

post models, the sharp end of the fiber post might 

cause stress accumulation in the apical part of the 

luting cement.   

Quartz oval fiber posts and circular fiber posts 

with the same Poisson’s ratio and Young’s modulus 

were used in the tooth model (1). Thus, the effects of 

the post design and placing length on the von Mises 

stresses could be seen clearly. The von Mises stresses 

that were generated in the circular fiber posts were 

greater than those in the oval fiber post models at the 

different post placing lengths. The stresses in the 

circular fiber posts were generally concentrated at the 

tip of the post, and they were quite high. This might 

have been due to the tip design of the circular fiber 

post, which has a sharp point. In general, there were 

homogeneous stress distributions in the oval fiber 

posts, which could be the result of the anatomical 

compatibility with the oval root canal morphology.  

In general, the short fiber posts seemed to be safer 

than the long fiber posts. However, FEA models can 

produce limited information about the systems that 

were evaluated in this study. In clinical conditions, the 

success of a fiber post depends on several factors. One 

of the main restrictive factors is the shrinkage stress 

induced by the polymerization of the luting cement, 

known as the C-factor, which has to be ignored in FEA 

studies. The C-factor can cause failure as a result of 

debonding, gaps, and voids (26-28). Thus, no direct 

suggestion can be made based on the results of this 

study. The data obtained in this study was only 

informative, and it might be in conflict with natural 

conditions.  

Maceri et al. stated that oblique loads are more 

hazardous than vertical loads for endodontically 

treated teeth (29). Therefore, an oblique load was used 

in this study to mimic the parafunctional load related 

to bruxism, and to limit the chewing conditions in the 

case of very tough foods. In addition, all of the 

materials were considered to be linear, isotropic, and 

homogeneous, even though most dental materials and 

tooth tissues are anisotropic and nonhomogeneous. 

Moreover, the loading scenarios investigated lacked the 

complexity that occurs during functional loading in a 

patient. This resulted in the nonlinearity of the load 

application and its effects (30), and therefore, 

constitutes one limitation of this study. 

 

Conclusions 

 

Within the limitations of this study;   

1. It could be concluded that the placing length 

and geometric shape affected the stresses that 

formed in the circular and oval fiber post 

models.  

2. The use of oval fiber posts may be safer than 

circular fiber posts, and 5-mm placed fiber 

posts may be safer than 10-mm fiber posts. 

 

 

 

Peer-review: Externally peer-reviewed. 

Author Contributions: Conception – T.A.; Design – E.E.; Supervision – K.K.; 

Materials – T.A.; Data Collection and/or Processing – Ö.E.; Analysis and/or 

Interpretation – T.A., Ş.Y.; Literature Review – Ö.E.; Writer – T.A.; Critical 

Review – Ş.Y.  

Conflict of Interest: No conflict of interest was declared by the authors.  

Financial Disclosure: The authors declared that this study has received no 

financial support. 

 



Stress distribution in a mandibular premolar tooth                                                                                     Aslan et al. 

 

110                                            IDR — Volume 8, Number 3, 2018 

References 
 

1. Er O, Kilic K, Esim E, Aslan T, Kilinc HI, Yildirim S. Stress 

distribution of oval and circular fiber posts in amandibular 

premolar: a three-dimensional finite element analysis. J Adv 

Prosthodont 2013;5:434-9. (Crossref) 

2. Kremeier K, Fasen L, Klaiber B, Hofmann N. Influence of 

endodontic post type (glass fiber, quartz fiber or gold) and 

luting material on push-out bond strength to dentin in vitro. 

Dent Mater 2008;24:660-6. (Crossref) 

3. Munoz C, Llena C, Forner L. Oval fiber posts do not improve 

adaptation to oval-shaped canal walls. J Endod 2011;37:1386-

9. (Crossref) 

4. Kilic K, Er O, Kilinc HI, et al. Infrared thermographic 

comparison of temperature increases on the root surface during 

dowel space preparations using circular versus oval fiber dowel 

systems. J Prosthodont 2013;22:203-7. (Crossref) 

5. Coniglio I, Garcia-Godoy F, Magni E, Carvalho CA, Ferrari M. 

Resin cement thickness in oval-shaped canals: oval vs. circular 

fiber posts in combination with different tips/drills for post 

space preparation. Am J Dent 2009;22:290-4.  

6. Coniglio I, Magni E, Cantoro A, Goracci C, Ferrari M. Push-out 

bond strength of circular and oval-shaped fiber posts. Clin Oral 

Investig 2011;15:667-72. (Crossref) 

7. Asmussen E, Peutzfeldt A, Sahafi A. Finite element analysis of 

stresses in endodontically treated, dowel-restored teeth. J 

Prosthet Dent 2005;94:321-9. (Crossref) 

8. Adıgüzel Ö, Yiğit Özer S, Bahşi E, Yavuz İ. Finite element 

analysis of endodontically treated tooth restored with different 

posts under thermal and mechanical loading. Int Dent Res 

2011;3:75-80. (Crossref) 

9. Scotti R, Valandro LF, Galhano GA, Baldissara P, Bottino MA. 

Effect of post length on the fatigue resistance of bovine teeth 

restored with bonded fiber posts: a pilot study. Int J 

Prosthodont 2006;19:504-6. 

10. Kainose K, Nakajima M, Foxton R, Wakabayashi N, Tagami J. 

Stress distribution in root filled teeth restored with various post 

and core techniques: effect of post length and crown height. 

Int Endod J 2015;48:1023-32. (Crossref) 

11. Sorensen JA, Martinoff JT. Clinically significant factors in 

dowel design. J Prosthet Dent 1984;52:28-35. (Crossref) 

12. Baumgaertel S. Cortical bone thickness and bone depth of the 

posterior palatal alveolar process for mini-implant insertion in 

adults. Am J Orthod Dentofacial Orthop 2011;140:806-11. 

(Crossref) 

13. Wheeler RC. Wheeler’s Dental Anatomy, and Occlusion, 8th ed. 

St Louis, MO: Saunders; 2003:154.  

14. Krastl G, Lorch H, Zitzmann NU, Addison O, Dietrich T, Weiger 

R. Do oval posts improve fracture resistance of teeth with oval 

root canals? Dent Traumatol 2014;30:232-5. (Crossref) 

15. RTD Dental. Ellipson Post. Avaliable at: http://www.rtd-

dental.eu/GB/ellipson.php. Accessed October 9, 2017. 

16. Uzun I, Arslan H, Doganay E, Güler B, Keskin C, Çapar ID. 

Fracture resistance of endodontically treated roots with oval 

canals restored with oval and circular posts. J Endod 

2015;41:539-43. (Crossref) 

17. Fernndes AS, Dessai GS. Factors affecting the fracture 

resistance of post-core reconstructed teeth: a review. Int J 

Prosthodont 2001;14:355-63.  

18. Giovani AR, Vansan LP, de Sousa Neto MD, Paulino SM. In vitro 

fracture resistance of glass-fiber and cast metal posts with 

different lengths. J Prosthet Dent 2009;101:183-8. (Crossref) 

19. Hsu ML, Chen CS, Chen BJ, Huang HH, Chang CL. Effects of post 

materials and length on the stress distribution of 

endodontically treated maxillary central incisors: a 3D finite 

element analysis. J Oral Rehabil 2009;36:821-30. (Crossref) 

20. D'Arcangelo C, Cinelli M, De Angelis F, D’Amario M. The effect 

of resin cement film thickness on the pullout strength of a 

fiber-reinforced post system. J Prosthet Dent 2007;98:193-8. 

(Crossref) 

21. Egilmez F, Ergun G, Cekic-Nagas I, Vallittu PK, Lassila LV. 

Influence of cement thickness on the bond strength of tooth-

colored posts to root dentin after thermal cycling. Acta Odontol 

Scand 2013;71:175-82. (Crossref) 

22. Schmage P, Pfeiffer P, Pinto E, Platzer U, Nergiz I. Influence of 

oversized dowel space preparation on the bond strengths of 

FRC posts. Oper Dent 2009;34:93-101. (Crossref) 

23. Perdigao J, Gomes G, Augusto V. The effect of dowel space on 

the bond strengths of fiber posts. J Prosthodont 2007;16:154-

64. (Crossref) 

24. Perez BE, Barbosa SH, Melo RM, et al. Does the thickness of the 

resin cement affect the bond strength of a fiber post to the 

root dentin? Int J Prosthodont 2006;19:606-9. 

25. Hagge MS, Wong RD, Lindemuth JS. Effect of dowel space 

preparation and composite cement thickness on retention of a 

prefabricated dowel. J Prosthodont 2002;11:19-24. (Crossref) 

26. Bouillaguet S, Troesch S, Wataha JC, Krejci I, Meyer JM, 

Pashley DH. Microtensile bond strength between adhesive 

cements and root canal dentin. Dent Mater 2003;19:199-205. 

(Crossref) 

27. Giachetti L, Scaminaci Russo D, Bertini F, Giuliani V. 

Translucent fiber post cementation using a light-curing 

adhesive/composite system: SEM analysis and pull-out test. J 

Dent 2004;32:629-34. (Crossref) 

28. Grandini S, Goracci C, Monticelli F, Borracchini A, Ferrari M. 

SEM evaluation of the cement layer thickness after luting two 

different posts. J Adhes Dent 2005;7:235-40. 

29. Maceri F, Martignoni M, Vairo G. Mechanical behaviour of 

endodontic restorations with multiple prefabricated posts: a 

finite-element approach. J Biomech 2007;40:2386-98. 

(Crossref) 

30. Brito-Junior M, Pereira RD, Verissimo C, Soares CJ, Faria-e-

Silva AL, Camilo CC. Fracture resistance and stress distribution 

of simulated immature teeth after apexification with mineral 

trioxide aggregate. Int Endod J 2014;47:958-66. (Crossref) 

 

 

https://doi.org/10.4047/jap.2013.5.4.434
https://doi.org/10.1016/j.dental.2007.06.029
https://doi.org/10.1016/j.joen.2011.07.003
https://doi.org/10.1111/j.1532-849X.2012.00919.x
https://doi.org/10.1007/s00784-010-0448-0
https://doi.org/10.1016/j.prosdent.2005.07.003
https://doi.org/10.5577/intdentres.2011.vol1.no3.1
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baldissara%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17323730
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bottino%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=17323730
https://doi.org/10.1111/iej.12397
https://doi.org/10.1016/0022-3913(84)90176-8
https://doi.org/10.1016/j.ajodo.2011.05.020
https://doi.org/10.1111/edt.12060
http://www.rtd-dental.eu/GB/ellipson.php
http://www.rtd-dental.eu/GB/ellipson.php
https://doi.org/10.1016/j.joen.2014.11.009
https://doi.org/10.1016/S0022-3913(09)60025-1
https://doi.org/10.1111/j.1365-2842.2009.02000.x
https://doi.org/10.1016/S0022-3913(07)60055-9
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vallittu%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=22299811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lassila%20LV%5BAuthor%5D&cauthor=true&cauthor_uid=22299811
https://doi.org/10.3109/00016357.2011.654257
https://doi.org/10.2341/08-53
https://doi.org/10.1111/j.1532-849X.2006.00166.x
https://doi.org/10.1111/j.1532-849X.2002.00019.x
https://doi.org/10.1016/S0109-5641(02)00030-1
https://doi.org/10.1016/j.jdent.2004.06.004
https://doi.org/10.1016/j.jbiomech.2006.11.018
https://doi.org/10.1111/iej.12241

	Dr. Tuğrul ASLAN

