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ABSTRACT 

 

Stress Distribution of the Different Post Systems 

Depending on the Amount of 

Remaining Cervical Tooth Structure 

 

Yousuk Hwang  D.D.S. 

 

Department of Dentistry 

The Graduate School, Yonsei University 

(Directed by Prof. Jeong-won Park, D.D.S., M.S.D., Ph.D.) 

 

The purpose of this study is to compare the stress distribution of the different post 

systems, depending on the amount of remained cervical tooth structure by using finite 

element analysis. 
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Finite element analysis models of the maxillary central incisor were reconstructed. 

First, an intact basic model was generated to assess the factors altering the biomechanical 

response of the tooth. From the intact model, the first model (0mm) was designed by 

assuming tooth residue that remained in parallel with the highest border of the crown 

margin. From this, 2mm model was designed which is lacking in 2mm tooth structure of 

coronal portion, and in the same way, 4mm model was designed. Each model was 

endodontically treated tooth and was grouped into groups restored by using carbon fiber 

post with resin core, glass fiber post with resin core, stainless-steel post with resin core 

and gold post and core. Stress distribution and maximum tooth displacement were 

evaluated using finite element analysis when applying an arbitrary load condition 

reflecting the clinical conditions of the actual teeth for each condition. 

As tooth structure loss increased from 0mm to 4mm, the maximum stress applied to 

the core is increased generally. This shows a similar characteristic even if the material is 

changed. In the gold core, compared to the resin core, fracture risk increased. The 

maximum stress acting on the tooth material is generally inversely proportional to the 

stress in the core. The maximum stress applied to the post varies depending on the 

material. The largest maximum stress was shown in the carbon-fiber post group, and the 

smallest in the gold post and core group. The area where the maximum stress appeared 

was also different. In two fiber post groups, the stress concentration area was on external 

surface of the root, but in two metal post groups, on the post surface. The maximum 

displacement tended to vary depending on the material, increasing in two fiber posts and 
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resin core groups and decreasing in two metal post groups. This appears to be the same in 

the core, post, and teeth. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key words: Finite element analysis, Post, cervical dentin thickness, Stress distribution 
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I. Introduction 

 

The anterior teeth are often needed dental treatment due to trauma and dental caries. 

And in some cases, we may encounter the situation of lack of remained tooth structure. In 

these cases, endodontic treatment is often needed, and even after endodontic treatment, 

common problems can occur in restorative dentistry, related to the fractures occurring 
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(Ferrari et al. 2000b; Yeh 1997). In this situation, the post and core system is often used 

for tooth restoration. Many different kinds of post system can be chosen by different 

clinical situation. 

Broadly, there are two kinds of post system; metal post and glass-fiber post. Metal 

post system is the traditional system. And metal post system can be subdivided to two 

different systems; prefabricated metal post and cast post. At first time of metal post 

system, post was fabricated by casting procedure. This was a suitable form that 

reproduces the shape of the root canal. More recently, prefabricated posts of various types, 

dimensions and materials are commercially available. The main advantage deriving from 

its usage is that a limited preparatory work is generally required, with a consequent 

saving of time and money (Pegoretti et al. 2002). Cast posts are generally realized with 

gold alloys, while prefabricated posts can be made of various materials, such as stainless 

steel, titanium alloys, brass and zirconium oxide posts (Phillips 1973; Shillingburg, Fisher, 

and Dewhirst 1970). Although this post had good mechanical properties itself, it 

concentrates the stress in the internal structure of the tooth and may cause tooth fracture. 

In view of this point, to minimize the rigidity difference between the dentine and the post 

itself, prefabricated post was developed using polymeric composite material (Vallittu 

1996). There are many kinds of materials used in fiber post also. Carbon fiber was first 

introduced. After, glass or quartz fiber posts have been introduced for esthetic reasons and 

mechanical properties and it is widely used. This post has an elastic modulus(E) similar to 

dentin (post = 20 GPa; dentin = 18 GPa), when compared to cast posts and prefabricated 
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metal post (E = 200 GPa) and ceramic posts (E = 150 GPa). So it allows absorption and 

uniform distribution of stresses to the remaining root structure instead of concentrating 

them (Asmussen, Peutzfeldt, and Heitmann 1999; Dallari and Rovatti 1996; Duret, 

Reynaud, and Duret 1990; Ferrari et al. 2000a; Ferrari, Vichi, and Garcia-Godoy 2000; 

Fredriksson et al. 1998; Malferrari, Monaco, and Scotti 2003; Mannocci et al. 1999). 

Actually, fiber-reinforced posts were able to reduce to a minimum the risk of root 

fractures and displayed significantly higher survival rates than teeth restored with zirconia 

posts (Mannocci, Ferrari, and Watson 1999). 

According to the amount of the tooth structure remained, if the same post system is 

used, outcome is greatly affected. If the same amount of ferrule is obtained on the crown 

margin, depending on the amount of tooth structure inside the tooth, the intensity of 

fracture resistance varies. And not only ferrule, but also the residual tooth mass on the 

internal surface of the tooth is important. To date, there is still no agreement in the 

literature about which material or technique can optimally restore endodontically treated 

teeth, especially depending on residual tooth thickness (Ortega et al. 2004). 

There have been many previous studies show that the results of stress and fracture 

resistance on the teeth when using these systems. However, by the method using the teeth 

specimen, we have to use each of the different teeth. No matter how similar teeth are used, 

each tooth has difference in their composition. Furthermore, errors may occur during each 

process also. Moreover, it is not possible to directly compare the stress between different 

materials from the same material, and it is impossible to ascertain how the stress 
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distribution varies from the inside of the material, and that the stress distribution varies 

from the inside of the tooth. So it is necessary to ensure that the results from previous 

studies can be applied to actual clinical trials. 

Finite element analysis has been successfully introduced in the past for dental 

applications. 2D and 3D Finite Element Analysis have been successfully introduced in the 

past for dental applications. In FEA the 3D tooth geometry is approximated by many 

small simple shaped elements and deformation in term of stress–strain is evaluated for the 

single elements and finally calculated for the whole structure. Today, micro-CT is a more 

modern approach to achieve a detailed, realistic 3D finite element model in medicine and 

in dentistry. Over the years, several dental applications have been carried out in 

determining the responses of the restored tooth to different influences and stresses 

coming from outside, such as occlusal loading and tearing forces. Many authors have 

addressed their attention on fracture mechanism occurring into restored teeth. In this 

study, it is effective to reduce the possible cause of error in conventional studies by using 

finite element analysis. It is intended for one tooth model and is expected to allow 

objective and intuitive analysis by using different materials of standardized size. And the 

stress distribution, concentration, and size according to the physical properties of the post 

can be seen under the same conditions, which is suitable for this experiment. 

The purpose of this study is to compare the stress distribution of the different post 

systems, depending on the amount of remaining cervical tooth structure by using finite 

element analysis. 
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II. Materials & Methods 

 

1. Development of Finite Element Models 

A 3-dimensional geometric model was reconstructed from cone-beam computed 

tomographic images of an intact human maxillary central incisor using modeling software 

(Mimics 14.1; Materialise, Leuven, Belgium; Unigraphics NX 7.0, Siemens PLM 

Software, Torrance, CA). The total length of the tooth was 21mm, with 9mm of crown 

length and 12mm of root length. The periodontal ligament was simulated with 200-µm 

thickness (Hohmann et al. 2011). Inner cortical bone was simulated with 0.5-mm 

thickness. This basic geometric model was modified according to the test conditions and 

then meshed by linear tetrahedron (C3D4) elements in finite element analysis software 

(ABAQUS 6.10; SIMULIA, Providence, RI) (Fig 1-a). 

 

2. Model Design 

Three different models were developed following the course of treatment to assess 

the influence of predisposing factors and intreatment factors on the biomechanical 

response of the tooth. The model is consists of total 8 materials; crown, core, dentin, post, 

periodontal ligament, gutta percha cone, cortical bone, trabecular bone (Fig 1-b). 
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The basic model was used as an intact model. The first model was designed by 

assuming tooth residue that remained in parallel with the highest border of the crown 

margin (Fig 2-a). From the first model, 2mm model was generated, simulating the lack of 

remaining coronal tooth structure by 2mm from the upper margin (Fig 2-b). In the same 

way, 4mm model was simulated (Fig 2-c). 

Each model is simulated as an endodontic treated tooth. Subsequent root canal 

treatment and restorative treatment were simulated. Round root canal enlargement 

(master apical file #50, 0.06 taper), gutta-percha obturation in apical 4mm from the apex, 

post insertion from the rest of canal space with same size and taper were conducted on the 

each model. Post length was 11mm, and surface was smooth. Consequently, core 

restoration on the coronal portion, and crown restoration were conducted on the each 

model. Crown restoration was designed with 0.5mm chamfer margin, 2mm ferrule and 

the material was E.max. 

 

3. Grouping of different post and core materials 

For Group 1, resin was used for the core material, and the carbon fiber post was used 

for post material. In the same way, resin and glass fiber post was used for group 2, resin 

and prefabricated stainless-steel post for group 3. For group 4, cast gold post and core 

was used. 



７ 

4. Values of tooth structures and materials 

Homogenous, isotropic, and linear elastic properties were assumed for all the tissues 

and materials, as were perfect bonded conditions. Table 1 shows the applied material 

properties obtained from literature surveys. 

 

5. Finite element analysis 

The models were constrained at the upper base of the supporting bone structure. An 

100N arbitrary static load was applied to the palatal surface of the crown at a 45 degree 

angle from the longitudinal axis of the tooth, with using kinematic coupling condition 

(Holmes, Diaz-Arnold, and Leary 1996; Joshi et al. 2001) (Fig 3). Stress distribution and 

tooth displacement pattern were calculated using ABAQUS 6.10. The maximum stress 

and maximum tooth displacement values were then measured for each model. 
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III. Results 

 

1. Maximum stress 

From 0mm to 4mm, the maximum stress to the core increased, in all groups. Also 

gold post and core group showed higher risk of fracture than resin core groups. Among 

the resin core groups, stainless-steel post group showed higher stress than others (Fig 4-a). 

The maximum stress to the dentin decreased from 0mm model to 2mm model in all 

material groups, and fracture risk also reduced. But the maximum stress showed little 

increase from 2mm model to 4mm model (Fig 4-b). The maximum stress to the post 

showed only little different between each group. But stiffness of the post was increased, 

the maximum stress was increased and fracture risk also (Fig 4-c). 

Figure 5 shows stress distribution on each group. Carbon fiber post group showed 

maximum stress on the loading area and external root surface area. Otherwise, glass fiber 

post group and stainless-steel post group showed maximum stress on the loading area and 

metal post surface. Gold post and core group showed comparatively even stress 

distribution from post to core area. 
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2. Maximum tooth displacement 

Maximum tooth displacement in the core continuously decreased from group 1 to 

group 4, and also in the post (Fig 6-a, c). In the dentin, on the other hand, each group 

showed similar amount of tooth displacement. (Fig 6-b) 

Figure 7 shows tooth displacement distribution on central section. The highest tooth 

displacement was shown in the carbon fiber post group and the lowest tooth displacement 

was shown in the gold post and core group. 
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Figure 1. Tooth model used in this finite element analysis 

(A) 3-D tooth and material structures assembly. 

(B) Cross-sectional view of tooth model. Total 8 components are shown.  
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Figure 2. Cross-sectional view of designed tooth model 

(A) 0mm model (control). Same level of remaining tooth structure was designed on the 

external margin and internal margin. 

(B) 2mm model. Remaining tooth structure decreased on the internal space of coronal 

portion by 2mm. 

(C) 4mm model. Remaining tooth structure decreased on the internal space of coronal 

portion by 4mm. 

  

(A) (B) (C) 
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Figure 3. Application of arbitrary load 
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Figure 4. Maximum stress of models in each group on different tooth structure and 

materials 

 

(A) 

(B) 

(C) 
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Figure 5. Cross-sectional view of stress distribution of models in each group 
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Figure 6. Maximum tooth displacement of models in each group on different tooth 

structure and materials 

 

(A) 

(B) 

(C) 
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Figure 7. Cross-sectional view of tooth displacement distribution of models in each 

group 
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Table 1. Values of physical properties of tooth structures and materials 

 
Elastic 

modulus (MPa) 

Poisson’s 

Ratio 
Reference 

Dentin 18,600 0.31 
(Holmes, Diaz-Arnold, and 

Leary 1996) 

Periodontal ligament 50 0.49 (Rees and Jacobsen 1997) 

Cortical bone 13,700 0.30 
(Holmes, Diaz-Arnold, and 

Leary 1996) 

Trabecular bone 1,370 0.30 
(Holmes, Diaz-Arnold, and 

Leary 1996) 

Ceramic crown (E.max) 95,000 0.30 (Magne et al. 2002) 

Gutta Percha cone 0.69 0.45 
(Holmes, Diaz-Arnold, and 

Leary 1996) 

Core(1): Composite resin 12,000 0.33 (Lanza et al. 2005) 

Post(1): Carbon fiber post 21,000 0.31 (Sorrentino et al. 2007) 

Core(2): Composite resin 12,000 0.33 (Lanza et al. 2005) 

Post(2): Glass fiber post 70,000 0.30 (Magne et al. 2002) 

Core (3): Composite resin 12,000 0.33 (Lanza et al. 2005) 

Post (3): Stainless steel 200,000 0.33 (Ho et al. 1994) 

Core & Post (4): Gold alloy 96,600 0.35 (Jiang et al. 2010) 
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IV. Discussion 

 

This experiment: FEA(finite element analysis) was carried out to confirm the stress 

distribution of maxillary incisor restored with different materials. Normally, the average 

crown length of the maxillary central incisor is about 9mm, and the root length is usually 

2-3mm longer then the crown. The representative model of normal maxillary incisors in 

FEA is made crown length of 9 mm and a root length of 12 mm (Nelson 2014). 

The stress distribution when restored with each material was confirmed by finite 

element analysis. The maximum stress acting on the core increases as the residual amount of 

tooth structure decreases, and the results were similar in each material. Throughout the 

experience, the increase of the amount of the core also increases the stress received to the 

core. Compared to the three resin core groups, the gold core group showed the highest stress 

and fracture risk. The reason for the large difference in the maximum stress is that the gold 

has high elastic modulus and high rigidity; therefore, the stress becomes strong (Hertzberg 

1989). Similarly, the maximum stress increases as the length of the core increases. 

The stress acting on the post is proportional to the elastic modulus of the post. 

Carbon fiber post has low elastic modulus, so it does not generate much stress even at 

strong force, and it does not change depending on the residual tooth structure. A glass 

fiber post with a higher elastic modulus has a slight increased stress. On the other hand, 
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stainless steel and gold post, which are metals, show high stress due to high stiffness. The 

smaller the amount of tooth structure surrounds the post, the stress concentration moves 

lower to the apical position and more intensively the stress is received. 

As the residual tooth structure decreases, the maximum stress applied to the core and 

post increases, while the maximum stress acting on the dentin site decreases. The amount 

of dentin, that is the residual tooth structure, is inversely proportional to the amount of 

core. As the core material increases, the stress is dispersed and thus the stress applied to 

the tooth is reduced. 

By confirming the stress distribution in the central section of the FEA model, the 

stress concentration region can be identified. The maximum stress in the two fiber post 

groups and the two metal post groups differed significantly. In the fiber post, maximum 

stress was observed at the external root surface of the tooth, and the maximum stress 

value was not high as previously confirmed In contrast, the metal post group showed the 

maximum stress at the post surface, and the maximum stress was also very high 

compared to the fiber post group. In addition, as the residual tooth structure decreased, 

the stress was increasingly concentrated in the lower part of the core. In restoration of the 

tooth lacking residual tooth structure, the study suggests that the risk of fracture of the 

metal post and core may be larger than that of the fiber post (Santos and Rodrigues 2003).  

However, in the case of the gold post and core group, there is no difference in stress at the 

interface between the core and the post, and the region where the stress is concentrated is 

small. This is because of the stress is uniformly distributed. 
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In previous studies, the risk of fracture may increase if fiber post and resin core is 

restored as the residual tooth structure is inadequate. Because the fiber post and resin core 

has lower fracture-threshold value than cast post and core (Martinez-Insua et al. 1998). 

However, this FEA study shows that flexible properties of fiber post and resin core can 

evenly distribute the stresses and thereby reduce the risk of fracture. 

The maximum tooth displacement showed different tendency among the materials as 

the residual tooth structure decreased. In three groups that contains resin core, the amount 

of displacement of the core increased as the residual amount of tooth structure decreased. 

In the last group: gold post and core group, the amount of displacement decreased. Same 

pattern were shown in tooth displacements on post and dentin. 

This is because of the difference of material properties. As mentioned above, in the 

resin core groups with low elastic modulus, it can be explained that the loading of the 

teeth causes the displacement of the core to be relatively large due to the elasticity of the 

material. Therefore, the received stress is absorbed. Conversely, due to the higher elastic 

modulus and stiffness of the gold core, the amount of displacement by external force 

decreases as the volume of material increases (Baumgart 2000). In the post, a similar 

pattern is shown because of the same reason in the core. The maximum tooth 

displacement in dentin was also slightly increased in the three resin core groups and 

decreased in the gold post and core groups. This is because the teeth and the post & core 

are adjoined to each other and this affects each other's movements. In the case of a tooth 

restored with a hard gold core, the amount of displacement of tooth structure is small 



２１ 

because the amount of displacement of the core is small. On the other hand, in the case of 

a tooth restored with a resin core with a low elastic modulus, the force against the 

external force weakens and therefore the amount of displacement of the tooth increases. 

While the increase in the maximum displacement in the three resin core groups is 

negligible, the decrease in the maximum displacement in the gold post and core groups is 

relatively large. In the resin core groups, the increase of the maximum displacement of 

post and core was similar to that of dentin, while the maximum displacement of gold post 

and core group decreased more than that of dentin. As a result, when metal post is 

restored, the difference of the maximum displacement between restorative material and 

tooth structure becomes larger as the remaining tooth structure becomes smaller. If this 

phenomenon persists, the probability of detachment of the interface increases within time, 

and consequently, this can be problematic in many ways. In this study, 100% adhesion 

between interfaces is assumed, but in clinical situation, failure in adhesive interface may 

occur (Sorensen and Engelman 1990). 

When comparing the displacement distribution at the center cross sectional view, 

according to the residual tooth mass, there were no significant differences in the 

displacement distribution of the teeth in the three resin core groups. On the other hand, in 

the gold post and core group, the amount of displacement decreases as the residual 

amount of tooth structure becomes insufficient, and this can be clearly seen in the incisal 

tip region. 
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The limitations of this study include the general limitations of FEA. It is impossible 

to reproduce all the conditions in the actual clinical situation. Cement space, stress due to 

polymerization shrinkage of the resin core, and difference in adhesion between the 

interfaces were not considered. In addition, static load is performed on the tooth model, 

which may differ from fatigue loading on actual tooth in clinical situations. Although, 

stress distribution, amount of tooth displacement, and region where the stress 

concentrated cannot be confirmed in conventional experiments, but these results can be 

visualized in this study. 

Taking all of the above into consideration, even if the same amount of tooth structure 

are preserved in the crown margin, the use of fiber post and resin core with low elastic 

modulus prevents the fracture when compared with a stainless steel post or gold post 

when the internal residual tooth structure is insufficient. However, in use of the metal post 

the stress could be more concentrated and this will cause poor prognosis.  
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V. Conclusion 

 

Within the limitations of this study, the results suggest the following: 

1. The risk of fracture and maximum stress on post and core increases when 

remaining tooth structure decreases. 

2. The region where the highest stress is concentrated is external surface of the root 

in two fiber post groups, whereas external surface of the post in two metal post 

groups. The largest maximum stress appears in the gold post and core group. 

3. The amount of tooth displacement is lower in the gold post and core group than in 

three resin core groups, and decreases as the tooth structure is deficient. 
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국문요약 

 

치경부 잔존 치질량에 따른 

서로 다른 포스트로 수복된 치아의 

응력 분포 평가 

 

연세대학교 대학원 치의학과 

(지도교수 박 정 원) 

 

황 유 석 

 

이 연구의 목적은 치관부 치질이 부족한 상악 중절치를 서로 다른 종류의 

포스트를 사용하여 수복하였을 때 치아 및 재료가 받는 응력의 분포 및 변위

량을 평가하는 것이며, 유한요소분석을 사용하여 수복된 포스트의 종류 및 잔

존 치질량에 따른 차이를 분석하였다. 
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상악 중절치의 유한요소분석 모델이 재건되었다. 먼저 생역학 반응을 반

영한 치아의 기초모델이 생성되었다. 이를 기반으로 대조군으로서 크라운의 

가장 높은 경계와 평행하게 치질이 남아있는 치아를 가정하여 첫 번째 모델

(0mm)을 형성했다. 이로부터 상부의 치질이 2mm 부족한 모델(2mm)과 4mm 부

족한 모델(4mm)을 형성하였다. 각각의 모델은 근관치료된 치아이며, 각각의 

모델에 대해 탄소강화섬유 포스트 및 레진 코어로 수복된 그룹, 유리강화섬

유 포스트 및 레진 코어로 수복된 그룹, 스테인리스-스틸 포스트 및 레진 코

어로 수복된 그룹, 그리고 주조 합금 포스트 코어를 사용하여 수복된 그룹으

로 분류하였다. 각각의 조건에 대해 실제 치아에서의 저작력을 반영한 하중

조건을 주었을 때의 응력 분포 및 치아 변위량이 유한요소분석을 사용하여 

평가되었다. 

0mm 모델에서 4mm 모델로 갈수록 전반적으로 코어에 작용하는 최대응력이 

증가한다. 이는 재질이 변경되어도 유사한 특성을 보인다. 또한 레진 코어에 

비하여 주조 합금 코어의 경우에 파절 위험성이 높게 증가된다. 치아에 작용

하는 최대응력은 전반적으로 코어에서의 응력과 반비례하는 양상을 보인다. 

포스트에 작용하는 최대응력은 재질에 따라서 상이한 결과가 나타난다. 탄소

강화섬유 포스트에서 가장 낮은 응력을 보이며, 주조 합금 포스트에서 가장 

큰 응력을 보인다. 최대응력이 나타나는 부위도 두 개의 섬유 포스트 그룹에

서는 하중 위치와 치근외면인 반면, 나머지 두 개의 메탈 포스트의 경우 포스



３０ 

트의 외면으로 차이를 보인다. 최대변위는 재질에 따라서 다른 경향을 보이며, 

치질이 감소할수록 레진 코어 그룹에서는 증가하고 메탈 포스트 코어 그룹에

서는 감소세를 보인다. 이는 코어, 포스트 및 치아 모두에서 같은 양상으로 

나타난다.  
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