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Influence of size-anatomy of the maxillary 
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PURPOSE. The study aims to investigate the influence of the ferrule effect and 
types of posts on the stress distribution in three morphological types of the 
maxillary central incisor. MATERIALS AND METHODS. Nine models were created 
for 3 maxillary central incisor morphology types: “Fat” type - crown 12.5 mm, 
root 13 mm, and buccolingual cervical diameter 7.5 mm, “Medium” type - crown 
11 mm, root 14 mm, and buccolingual cervical diameter 6.5 mm, and “Slim” type 
- crown 9.5 mm, root 15 mm, and buccolingual cervical diameter 5.5 mm. Each 
model received an anatomical castable post-and-core or glass-fiber post with 
resin composite core and three ferrule heights (nonexistent, 1 mm, and 2 mm). 
Then, a load of 14 N was applied at the cingulum with a 45° slope to the long axis 
of the tooth. The Maximum Principal Stress and the Minimum Principal Stress 
were calculated in the root dentin, crown, and core. RESULTS. Higher tensile 
and compression stress values were observed in root dentin using the metallic 
post compared to the fiber post, being higher in the slim type maxillary central 
incisor than in the medium and fat types. Concerning the three anatomical types 
of maxillary central incisors, the slim type without ferrule height in mm presented 
the highest tensile stress in the dentin, for both types of metal and fiber posts. 
CONCLUSION. Post system and tooth morphology were able to modify the 
biomechanical response of restored endodontically-treated incisors, showing the 
importance of personalized dental treatment for each case. [J Adv Prosthodont 
2024;16:77-90]
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nite element analysis, Savychuk et al .27 compared the 
impact of the type of post (fiber post-composite core 
or post-cast core) together with the effect of ferrule 
on the fields generated by tension in endodontically 
treated lateral incisors and mandibular canines. The 
results indicated that post-restored mandibular later-
al incisors are prone to greater stresses on the dentin 
and major components of the restoration compared 
with teeth in greater anatomy. 

Some studies have observed that the maxillary cen-
tral incisor tooth presents a great variability in natural 
size and dimension.28 Dental anatomy textbooks only 
report crown diameters, root length, and crown/root 
ratios in an axial direction with no scientific informa-
tion regarding the buccolingual direction.29 Further-
more, research demonstrated that there is a direct 
relationship between the characteristics of the crown 
and the root, which allows the prediction of root di-
ameters through crown measurement with an accu-
racy of 95%, and also reported a great variability in 
root length.29 Based on the data obtained, three mor-
phological groups of maxillary central incisors were 
established: Stout type (56.67%), intermediate type 
(22.67%), and strangled type (20.67%). The research-
ers conclude that accurate knowledge of the volumet-
ric description of tooth diameters and crown-root ra-
tio allows for improved treatment planning.29,30

In vitro studies of static load,31 simulated chewing32 
or strain gauge,33 generally make anatomical mea-
surements of each selected human tooth. However, 
they apply the averages of the measurements to rep-
resent the sample size of the study. In addition, the 
fabricated prosthetic crown has the same pattern an-
atomical dimensions for all specimens, which could 
alter the real crown-root relationship of the natural 
tooth. Therefore, under these conditions, the results 
of in vitro studies should be interpreted with caution. 
Similarly, in the finite element analysis method, the 
anatomical dimensions of the simulated tooth are 
taken from standard measurements from anatomy 
books34 or from a single intact natural tooth arbitrari-
ly selected as a pattern,35 which can be an unrealistic 
condition.

The so-called ferrule effect is suggested as the most 
important factor for the longevity of post-restored 
tooth because it dissipates the concentration of force 

INTRODUCTION

Restoration of endodontically treated anterior teeth 
with severe loss of crown structure has attracted con-
siderable attention in the scientific literature,1 par-
ticularly the maxillary central incisor when post-and-
core is recommended.2-11 One argument could be that 
anterior teeth are exposed to functional horizontal 
forces and are more susceptible to failure.12-14 In the 
search for a better protocol to fabricate the definitive 
restoration in the long term, the tendencies of many 
studies are towards the analysis of the effect of the 
post (elastic modulus)15,16 and the preservation of 
the remaining coronary structure (ferrule effect).17,18 
A conceived attribute of the post is to improve the 
biomechanical behavior and increase the resistance 
of the tooth.19,20 But, the presence of the post is also 
associated with biomechanical failures such as dece-
mentation and dental fracture,21 although it has been 
stated that the resistance to dentin fracture is direct-
ly proportional to the volume of the remaining tooth 
structure.22 However, its importance is not clearly de-
fined regarding the tooth’s anatomical conditions, 
and many studies do not include the analysis of other 
important variables such as anatomical dimensions.23 
There is a lack of scientific information about the size 
anatomy parameters of the tooth and their effect on 
the biomechanical behavior of the post-restoration. 
For that reason, the influence of these parameters 
must be evaluated.

Trabert et al .24 analyzed the impact resistance of 
the maxillary central incisor with its crowns intact. 
The results showed that variables such as mesiodis-
tal diameter, root length, and pulp chamber width 
can be used to predict absorbed impact energy. Lib-
man and Nicholls25 studied the fatigue load in maxil-
lary central incisors with ferrule heights of 0.5, 1.0, 1.5 
and 2.0 mm. The number of cycles until preliminary 
failure was correlated with the buccolingual dimen-
sions measured at the level of the cervical finish line 
of the test teeth, and no significant correlation was 
found. Greenfeld et al .26 reported on maxillary cen-
tral incisors and canines that the remaining buccolin-
gual dentin thickness had a high correlation with the 
final failure load. The canines showed a higher load 
resistance compared to the central incisors. Using fi-
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and increases the resistance to fracture.36 In vitro 
studies frequently use, as an isolated criterion, the 
height of the axial walls to assess the effectiveness of 
the ferrule effect.37 However, in the maxillary central 
incisor the results are controversial. A 1.0 mm height 
of the axial walls is suggested,38 while another study 
considers 2.0 mm more appropriate.39 According to 
these studies, these results have been based main-
ly on the post’s elastic modulus and the cementing 
agent’s adhesion. Meanwhile, some finite element 
studies suggest a 2.0 mm wall height for better stress 
distribution.40-42 However, the tendency to consider 
dental morphology is growing, because it affects the 
distribution of stress.43 In this regard, a finite element 
study suggests that the ferrule height on the maxillary 
central incisor should be determined on a case-by-
case basis, based on the buccolingual cervical root di-
ameter.44 Therefore, the ferrule effect is a topic which 
needs a more exhaustive approach to its understand-
ing.45

Finite element analysis (FEA) uses a mathematical 
model that is capable of computationally calculat-
ing the stress distribution generated in the structure 
and materials. This methodology has been chosen 
because it has shown to be a useful tool when investi-
gating complex systems that are difficult to standard-
ize during in vitro  and in vivo  studies.46-49 However, 
anatomic variations have been rarely considered in 
previous FEA studies with post-and-core restorations.

The purpose of this study is to investigate the in-
fluence of the ferrule effect and types of posts on the 
stress distribution in three morphological types of 
the maxillary central incisor. The null hypothesis to 
be tested was that the mechanical behaviors of the 
three morphological types “fat”, “medium” and “slim” 
would be similar when restored with different ferrule 
heights with cast post or fiber.

MATERIALS AND METHODS

Using finite element analysis, the stress distribution 
was evaluated in maxillary central incisors with ana-
tomical differences. From a sample of extracted max-
illary central incisors made up of variations in size 
and morphology, 3 types of representative maxillary 
central incisors were selected. The “fat” type had 

crown dimensions of 12.5 mm, root of 13 mm, and a 
buccolingual cervical diameter of 7.5 mm. The “medi-
um” type had crown dimensions of 11 mm, root of 14 
mm, and a buccolingual cervical diameter of 6.5 mm. 
The “slim” type had crown dimensions of 9.5 mm, 
root of 15 mm, and a buccolingual cervical diameter 
of 5.5 mm. The two-dimensional (2D) finite element 
model was used. 

The modeling of the two-dimensional external 
anatomy was made from a periapical radiograph, 
which was taken from a buccolingual section of each 
extracted tooth of the 3 representative morphological 
types. Each radiograph was digitized using a scanner 
and imported into a software program that digitizes 
framework landmarks. From those points, a fine dis-
tribution of surface elements was generated using the 
software Rhinoceros, v. 5.0 SR8 (McNeel North Amer-
ica). Then, the geometric model for finite element 
analysis was created using the computer-aided engi-
neering (CAE) software (ANSYS Inc., v. 17.2, Houston, 
TX, USA) generating the element meshes. Two types 
of posts were modeled (cast and fiber post). The 
length of both posts was 9 mm. The diameters of the 
posts were: apical 1.2 mm, cervical 1.55 mm, and the 
taper of 1.8°. Three ferrule heights (0, 1, and 2 mm) 
were modeled. There was a difference in the crown-
root ratio among the 3 morphological types of maxil-
lary central incisors. 

Six bi-dimensional numerical models were gener-
ated with the same geometry of each restored mor-
phological type. The models are shown in Figure 1. 
In total, eighteen finite element models were created 
based on post-material (×2), tooth anatomy (×3), 
and ferrule height (×3). Deformation elements in a 
quadrilateral plane were used for the cross-sectional 
meshes of the models. The meshes are summarized 
in Figure 2. 

The applied properties of the tissues and materials 
are shown in Table 1. Only the linear elastic response 
was calculated. All the properties were isotropic ex-
cept that of the fiber post, which had orthotropic 
properties with greater hardness in the longitudinal 
axis. All material interfaces were continuous, except 
for interfaces with gutta-percha and interfaces be-
tween the metal post and root dentin. The coefficient 
of friction with gutta-percha was 0 and between the 
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Fig. 2. Finite element mesh from (A) fat model, (B) medium 
model and (C) slim model.

A

B

C

Fig. 1. Fat model restored with glass-fiber post and com-
posite core. (A) No ferrule, (B) 1 mm of ferrule and (C) 2 mm 
of ferrule. Fat model restored with metal post- and- core. 
(D) No ferrule, (E) 1 mm of ferrule and (F) 2 mm of ferrule.  
Medium model restored with glass-fiber post and compos-
ite core. (G) No ferrule, (H) 1 mm of ferrule and (I) 2 mm of 
ferrule. Medium model restored with metal post- and- core. 
(J) No ferrule, (K) 1 mm of ferrule and (L) 2 mm of ferrule.
Slim model restored with glass-fiber post and composite 
core. (M) No ferrule, (N) 1 mm of ferrule and (O) 2 mm of 
ferrule. Slim model restored with metal post- and- core. (P) 
No ferrule, (Q) 1 mm of ferrule and (R) 2 mm of ferrule.
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metallic post and root dentin was 0.25.
The average anatomical dimensions corresponding 

to the alveolar bone and periodontal ligament were 
generated according to data from the literature.47-49 
The roots were embedded in a 0.2 mm-thick peri-
odontal ligament and simulated bone section. The in-
ferior and lateral sides of the bone section were fixed. 
In a buccal direction, a compressive load of 14 N was 
applied on the incisal third of the palatal surface at an 
angle of 45 degrees to the axial axis of the tooth (Fig. 
3).

RESULTS

In this study, the results of the three anatomical types 
of maxillary central incisor subjected to occlusal load-
ing are presented as the first (‘maximum’) and third 
(‘minimum’) principal stresses on root, crown, and 
core dentin. The stress distribution is shown in Figures 
4 and 5. Note that root and crown dentin each have 
their stress scale. Table 2 lists the stress peak of the 
maximum and minimum principal stresses for root, 
crown, and core dentin. For each maxillary central in-
cisor anatomical type (fat, medium and slim) restored 
with 0 mm, 1.0 mm, and 2.0 mm ferrule height and fi-
ber and metal posts, the relationships between max-
imum principal stress and minimum principal stress 
are presented. The tensile stress values were positive 
and the compressive stress values were negative. 

In the root dentin, when the metal post was used as 
compared to the fiber post, higher values of tensile 
and compression stresses were observed regardless 
of the maxillary central incisor anatomy. It was shown 
that the fat-type maxillary central incisor generated 
less stress, probably because it had more dentin vol-
ume and larger buccolingual diameter (Fig. 4, Fig. 5). 

The location of the maximum principal stress in the 
root dentin of the slim, medium, and fat types, due 
to the direction of the occlusal load, prevailed on the 
lingual side, encompassing the cervical-middle thirds 
of the root surface and apex of the post. The highest 
stress concentration was observed when the metal 
post was used compared to the fiber post, which was 
the most evident in the slim maxillary central incisor 
(Fig. 4). 

Fig. 3. Boundary conditions showing the loading region 
(L) and the fixation support (F).

Table 1. Mechanical properties of the materials/structures used in this study
Material Elastic modulus (GPa) Poisson ratio References

Bone tissue 13.7 0.3 Tribst et al.18

Periodontal ligament 0.00118 0.5 Rundquist et al.47

Dentin 14.7 0.31 Rundquist et al.47

Gutta percha 0.16 0.45 Rundquist et al.47

Metal post 200 0.3 Santos et al.48

Glass fiber post
(longitudinal/ lateral) 37/9.5 0.27/0.34 Santos et al.48

Lithium disilicate 96 0.26 Della Bona et al.49

Composite 12 0.33 Della Bona et al.49
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Fig. 4. Maximum principal stress in the fat model restored with glass-fiber post and composite core. (A) No ferrule, (B) 
1 mm of ferrule and (C) 2 mm of ferrule. Maximum principal stress in the fat model restored with metal post- and- core. 
(D) No ferrule, (E) 1 mm of ferrule and (F) 2 mm of ferrule. Maximum principal stress in the medium model restored with 
glass-fiber post and composite core. (G) No ferrule, (H) 1 mm of ferrule and (I) 2 mm of ferrule. Maximum principal stress 
in the medium model restored with metal post- and- core. (J) No ferrule, (K) 1 mm of ferrule and (L) 2 mm of ferrule. 
Maximum principal stress in the slim model restored with glass-fiber post and composite core. (M) No ferrule, (N) 1 mm 
of ferrule and (O) 2 mm of ferrule. Maximum principal stress in the slim model restored with metal post- and- core. (P) No 
ferrule, (Q) 1 mm of ferrule and (R) 2 mm of ferrule.
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Fig. 5. Minimum principal stress in the fat model restored with glass-fiber post and composite core. (A) No ferrule, (B) 
1 mm of ferrule and (C) 2 mm of ferrule. Minimum principal stress in the fat model restored with metal post- and- core. 
(D) No ferrule, (E) 1 mm of ferrule and (F) 2 mm of ferrule. Minimum principal stress in the medium model restored with 
glass-fiber post and composite core. (G) No ferrule, (H) 1 mm of ferrule and (I) 2 mm of ferrule. Minimum principal stress 
in the medium model restored with metal post- and- core. (J) No ferrule, (K) 1 mm of ferrule and (L) 2 mm of ferrule. 
Minimum principal stress in the slim model restored with glass-fiber post and composite core. (M) No ferrule, (N) 1 mm 
of ferrule and (O) 2 mm of ferrule. Minimum principal stress in the slim model restored with metal post- and- core. (P) No 
ferrule, (Q) 1 mm of ferrule and (R) 2 mm of ferrule.
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Table 2. Stress peaks (MPa) in the dentin, crown and core according to each simulated model

Tooth Post Ferrule
(mm)

Stress in root dentin (MPa) Stress in crown (MPa) Stress in core (MPa)

Max 
principal

stress

Min 
principal

stress

Max 
principal

stress

Min 
principal

stress

Max 
principal

stress

Min 
principal

stress

Fat

Cast 0 34.71 -35.97 111.73 -121.15 21.63 -12.79
1 33.90 -34.13 107.66 -104.67 21.74 -12.24
2 30.12 -33.10 106.59 -138.97 22.01 -16.84

Fiber 0 30.16 -29.13 23.95 -49.95 7.43 -7.03
1 21.74 -27.33 22.76 -40.61 6.80 -6.51
2 20.80 -28.40 20.02 -36.77 6.47 -5.06

Medium

Cast 0 35.88 -32.21 100.69 -127.23 22.38 -11.81
1 33.70 -32.27 96.48 -128.69 22.27 -12.86
2 30.23 -31.92 94.53 -130.38 23.31 -13.06

Fiber 0 31.87 -20.20 31.26 -32.44 9.82 -4.44
1 22.95 -21.70 24.07 -30.47 7.43 -8.67
2 21.61 -21.45 23.75 -30.07 7.44 -6.89

Slim

Cast 0 40.05 -37.94 179.80 -142.17 25.40 -12.97
1 36.42 -37.08 163.20 -134.81 25.52 -13.05
2 30.65 -36.80 118.18 -134.85 26.23 -12.86

Fiber 0 33.44 -23.39 38.47 -29.83 9.85 -7.62
1 31.20 -25.16 34.27 -30.42 8.38 -6.05
2 28.15 -24.56 34.10 -24.93 8.25 -6.48

The minimum principal stress, also called compres-
sion stress, was in located in the dentin of the ves-
tibular surface of the cervical-middle root thirds and 
apex of the post. Regarding the use of the metallic 
post, it was observed that it generated a greater con-
centration of stress, with greater magnitude in the 
slim-type maxillary central incisor compared to the 
medium and fat types. When the fiber post was used, 
the compressive stress distribution was more homo-
geneous in the root dentin of the fat-type maxillary 
central incisor. However, in the medium anatomical 
type, stress concentration of lesser magnitude is ob-
served located on the external vestibular surface of 
the cervical third. Instead, a higher concentration of 
stress was found in the mid-cervical third and apex of 
the post in the slim-type maxillary central incisor (Fig. 
5). 

Regarding the preparation of the height of the fer-
rule, alterations of the maximum principal stress 

were observed in the remaining coronary dentin of 
the slim, medium and fat maxillary central incisors. 
In summary, the maximum principal stress was low-
er with higher ferrule walls (Table 2). The difference 
is the most evident when using the metal post where 
the tensile stress is the highest with no ferrule height, 
followed by 1 mm and 2 mm height. When the fiber 
post was used, the tensile stress decreased in the re-
maining coronary structure with higher ferrule walls, 
but this difference was less evident for metal posts. 
Concerning the three anatomical types of maxillary 
central incisors, the slim type without ferrule height 
presented the highest tensile stress in the dentin, for 
both types metal and fiber posts. 

The ferrule height variations did not affect the min-
imum principal stress in the root dentin once the 
stress peak per maximum and minimum principal 
stresses remained proportional for each anatomical 
type of maxillary central incisor (Table 2).

https://doi.org/10.4047/jap.2024.16.2.77
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It must be noted that the core materials were dif-
ferent between the cast and fiber post models and 
therefore the stress values should not be directly 
compared. About the composite resin core, the stress 
increased in the slim type central incisor compared 
to the medium and fat type. As for the ferrule effect, 
it had a significant impact. Therefore, in the model 0 
ferrule, the tensile and compression stress increased 
in the composite resin core, producing a decrease in 
stress in the models with ferrule height of 1.0 and 2.0 
mm.

In the cast core models, the maximum principal 
stress and the minimum principal stress were high-
er in the slim maxillary central incisor than in the 
medium and fat types. Regarding the ferrule effect, 
it caused an impact on the stress in the cast core ac-
cording to the type of maxillary central incisor. In 
the maxillary central incisor with 2.0 mm ferrule, the 
stress of tensile and compression was higher, de-
creasing in models 1.0 mm and 0 mm ferrule; how-
ever, the differences were below 2 MPa between the 
models (Table 2). This effect was observed regardless 
of the tooth anatomy.

DISCUSSION

To our knowledge, this is the first study in the scientif-
ic literature that evaluates the size-morphology effect 
of endodontically treated maxillary central incisor re-
stored with post-and-core. Commonly, previous finite 
element analysis studies that investigated stress dis-
tribution in the maxillary central incisor considered 
the design of an average tooth with consistent ana-
tomical dimension.2,3,10,11,13,20 However, there is great 
variation in size and anatomy in the natural human 
dentition.30 According to the results of the present 
study, the three morphological types of maxillary cen-
tral incisors considered predominant, which are “fat” 
type (56.67%), the “medium” type (22.67%) and the 
“slim” type (20.67%),30 showed differences in stress 
distribution when using different types of posts, with 
and without ferrule wall height. This confirms the im-
portant role of dental anatomy in the biomechanical 
performance of post-crown restoration. Therefore, 
the results determined that the null hypothesis was 
rejected.

Analyzing the effects reported in Table 2 on root 
dentin, it is clear that the slim type model exhibited 
higher tensile stress values than the fat and medi-
um types. The increase in the principal tensile stress 
could be detrimental to the remaining dentin struc-
ture.2 Regarding the maxillary central incisor, the slim 
type has a comparatively smaller dentin volume and 
thin root dentin walls. The present simulated study 
suggests that this post-and-core restored tooth might 
be more susceptible to the debonding and/or fracture 
failure process. Regarding the role of the post materi-
al, it influenced the stress distribution in the root den-
tin. It was noticed that due to the high elastic modu-
lus of the metal post, the maximum principal stress 
in the slim model increased. Instead, fiberglass posts 
are known for their ability to flex and distribute stress 
more similarly to natural tooth structure. Despite not 
being a consensus, it was reported that this flexibili-
ty can help absorb and distribute forces during biting 
and chewing, potentially reducing the stress on the 
remaining tooth structure.13,19 In this study, the usage 
of orthotropic glass fiber and composite resin core 
reduced the amount of stress generated at the root 
dentin and crown in comparison with metal ones.

The present study showed that the presence of a 
ferrule reduces the maximum principal stress in the 
three maxillary central incisor models, compared to 
the results of the models without a ferrule. However, 
the mechanical behavior differs between the three 
types of maxillary central incisor size and morphol-
ogy. In this sense, the slim model restored with the 
metal post in the absence of the ferrule presented the 
highest stress concentration, being a significant con-
tributing factor in increasing the risk of fracture. Fur-
thermore, the development of stress concentration in 
the region adjacent to the apex of the metal post is in 
agreement with previous finite element analyses.3,41,42 

Traditionally, it has been noted that the selection of 
a post and core material depends on several factors, 
such as the remaining tooth structure, occlusal forc-
es, aesthetic requirements, patient habits, and the 
dentist’s professional judgment.13 In this sense, the 
results of the present study point to the need to more 
thoroughly incorporate dental morphology into the 
treatment plan. Particular attention is needed to the 
maxillary central incisor, due to the variations in size 
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and anatomical volume they present. This can pro-
vide better post system selection and more efficiently 
match ferrule height.

After root canal treatment, an endodontically treat-
ed incisor typically requires crown restoration to pro-
vide additional strength and protection.18,21,22 The 
design,18 material,34,37 and dimenions28 of the crown 
can influence the distribution of forces on the tooth. 
A well-fitting and properly contoured crown can help 
reduce stress concentration and increase the longevi-
ty of the tooth.32 In this study, the crown was perfect-
ly fitted in the simulation. However, the stress mag-
nitude was different between the models even when 
the same post material and ferrule height were con-
sidered. This demonstrated that the teeth’ anatomy 
can also affect the load distribution.

Like other human characteristics, teeth can differ 
in shape and size, even within the same individual’s 
mouth. Variations can include differences in the over-
all shape (e.g., square, triangular, oval), the dimen-
sions (length, width), and the proportions between the 
different surfaces of a tooth (e.g., height of the crown, 
size and shape of cusps).29,30 Despite that, most dental 
treatments are not fully personalized and sometimes 
cannot fulfill the ideal requirements to promote long-
term success for some individuals in comparison with 
others. In this sense, the present results showed that 
a larger tooth with more tissue and robust structure 
would be less affected by the post-endodontic treat-
ment than a slim central incisor.

An interesting observation is about some dissimilar 
and at the same time compensatory anatomical char-
acteristics among the maxillary central incisor groups 
of the present study. That is, the fat type has prac-
tically the same length, the crown 12.5 mm and the 
root 13 mm. However, in compensation, this tooth 
has a greater volume, which suggests increasing peri-
odontal support. On the other hand, in the slim type, 
the crown measures 9.5 mm and the root, 15.0 mm. 
As can be seen, a tooth with a smaller dentin volume 
has a longer root as compensation to increase peri-
odontal support. In this sense, they are anatomical 
conformations of the human dentition to respond 
to functional demands.50 In the slim type maxillary 
central incisor, the use of different posts and ferrule 
heights showed a greater increase in tensile stress 

compared to the fat type, which could be explained 
by the differences in the buccolingual diameter.27 

However, these results are obtained by isolating each 
tooth without taking into account, for example, the 
labial inclination of the tooth, the anterior guidance 
(horizontal and vertical overpasses), and the type of 
occlusion. Therefore, there is a need for clinical re-
search to evaluate the biomechanical performance of 
the ferrule height and type post in the prosthetic res-
toration in the different types of maxillary central in-
cisor size-morphology and the incidence of these pre-
viously mentioned variables.

In the field of biomechanics, the concept of “Max-
imum Principal Stress” is used to describe the maxi-
mum tensile stress experienced by a material or struc-
ture in a particular direction.10,11,15 When considering 
teeth biomechanics, the maximum principal stress 
can play a role in understanding the mechanical be-
havior of the tooth structure under different loads 
and forces.13,18,33 Based on Table 2, the tensile stress 
peaks were higher at the crown, illustrating that in a 
situation with low-loading magnitude incidence, the 
ceramic crown would be more prone to failure than 
the root dentin. It corroborates the findings from pre-
vious investigations.11,12,17

On the other hand, the consideration of minimum 
principal stresses is relevant in engineering and ma-
terial science contexts when analyzing the behavior 
of structures under different loading conditions cor-
related with the compressive strength of the set.18 A 
previous investigation calculated that the compres-
sive strength of lithium disilicate was higher than 670 
MPa.34 According to that, it is possible to observe that 
the applied load would not damage the crown by the 
compression side (buccal) but instead by the tensile 
side (lingual). The compression strength from dentin 
is 297 MPa, showing that depending on the load in-
tensity and direction, this structure could fail by com-
pression.49

The focus is primarily on understanding the distri-
bution of forces, stresses, and strains within the tooth 
structure and its surrounding tissues, involving evalu-
ating factors such as occlusal forces, material proper-
ties of the tooth, and the response of the supporting 
structures.2,3,10,11,13,15,18,20,34 However, the two-dimen-
sional analysis assumes that the structure being ana-
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lyzed is planar and neglects the effects of the third di-
mension.34 Plane strain assumes that the structure is 
infinitely thick in the third dimension and experiences 
strains only in the two dimensions of the analysis.20,43 
These assumptions may not accurately represent 
the actual stress and strain distributions in complex 
three-dimensional structures. Despite these limita-
tions, 2D-FEA remains a valuable tool for initial analy-
sis, design optimization, and gaining insights into the 
behavior of structures.

A previous investigation compared the resistance of 
endodontically treated teeth with different amounts 
of remaining coronal structure. Despite variations 
in coronal dentin height, the study found that teeth 
without remaining coronal structure had significant-
ly higher fracture strength than those with remaining 
coronal structure.51 This indicates that the presence of 
coronal dentin did not significantly affect the fracture 
strength of teeth with intraradicular retainers. How-
ever, another report demonstrated that an increased 
amount of coronal dentin significantly increased the 
fracture resistance of endodontically treated teeth.52 
Furthermore, failures in teeth without coronal struc-
ture (no ferrule) primarily occurred due to core frac-
ture, emphasizing the importance of ferrule design in 
preventing adhesive failure. It was also reported that 
the presence of a ferrule significantly increased frac-
ture strength in endodontically treated teeth.53 These 
previous studies suggest that incorporating a ferrule 
design can enhance the resistance of teeth to adhe-
sive failure; however, this information can be comple-
mented with the present investigation showing that 
this effect can be dependent on the tooth anatomy 
and post-endodontic restorative procedure.

Another crucial limitation inherent to FEA pertains 
to the simulation of ideal adhesive interfaces between 
various structures. While FEA offers valuable insights 
into stress distributions and structural behaviors, it 
assumes a perfect cement layer, which may not ac-
curately reflect clinical scenarios. Achieving such ide-
al adhesive interfaces, particularly in cases involving 
non-uniform cement layers like those encountered 
in bonding post-and-core structures within root ca-
nals, poses significant challenges.30,35,50 The practical 
application of dental restorations involves a complex 
combination of clinical protocols that can influence 

adhesive performance, including variations in cement 
types, composition, and bonding agents. These fac-
tors introduce complexities that are often difficult to 
replicate in computational models. As a result, the 
predictive accuracy of FEA in assessing adhesive be-
havior may be limited, leading to potential discrepan-
cies between simulated and actual clinical outcomes.

CONCLUSION

Within the limitations of the FEA study, the following 
conclusions were drawn:

The use of a ferrule between 1 - 2 mm in post-treat-
ed endodontically treated teeth reduces the stresses 
on the tooth-restoration complex.

Additionally, both post-system and tooth morphol-
ogy were able to modify the biomechanical response 
of restored endodontically treated incisors, showing 
the importance of personalized dental treatment for 
each case. 

Slim-shaped central incisors are more prone to fail-
ure due to higher stress concentration. This effect can 
be attenuated with longer ferrules and glass-fiber 
post instead of cast post-and-core.

REFERENCES

 1. von Stein-Lausnitz M, Mehnert A, Bruhnke M, Sterzen-
bach G, Rosentritt M, Spies BC, Bitter K, Naumann M. 
Direct or indirect restoration of endodontically treat-
ed maxillary central incisors with class III defects? 
composite vs veneer or crown restoration. J Adhes 
Dent 2018;20:519-26. 

 2. Veríssimo C, Simamoto Júnior PC, Soares CJ, Norito-
mi PY, Santos-Filho PC. Effect of the crown, post, and 
remaining coronal dentin on the biomechanical be-
havior of endodontically treated maxillary central in-
cisors. J Prosthet Dent 2014;111:234-46. 

 3. Chuang SF, Yaman P, Herrero A, Dennison JB, Chang 
CH. Influence of post material and length on end-
odontically treated incisors: an in vitro and finite ele-
ment study. J Prosthet Dent 2010;104:379-88. 

 4. Maroulakos G, Nagy WW, Kontogiorgos ED. Fracture 
resistance of compromised endodontically treated 
teeth restored with bonded post and cores: An in vitro 
study. J Prosthet Dent 2015;114:390-7. 

J Adv Prosthodont 2024;16:77-90Influence of size-anatomy of the maxillary central incisor on the biomechanical 
performance of post-and-core restoration with different ferrule heights



88 https://jap.or.kr

The Journal of Advanced Prosthodontics

 5. Tan PL, Aquilino SA, Gratton DG, Stanford CM, Tan SC, 
Johnson WT, Dawson D. In vitro fracture resistance of 
endodontically treated central incisors with varying 
ferrule heights and configurations. J Prosthet Dent 
2005;93:331-6. 

 6. Santos Pantaleón D, Morrow BR, Cagna DR, Pamei-
jer CH, Garcia-Godoy F. Influence of remaining coro-
nal tooth structure on fracture resistance and failure 
mode of restored endodontically treated maxillary in-
cisors. J Prosthet Dent 2018;119:390-6. 

 7. Zhi-Yue L, Yu-Xing Z. Effects of post-core design and 
ferrule on fracture resistance of endodontically treat-
ed maxillary central incisors. J Prosthet Dent 2003;89: 
368-73. 

 8. Akkayan B. An in vitro study evaluating the effect of 
ferrule length on fracture resistance of endodontically 
treated teeth restored with fiber-reinforced and zirco-
nia dowel systems. J Prosthet Dent 2004;92:155-62. 

 9. Magne P, Lazari PC, Carvalho MA, Johnson T, Del Bel 
Cury AA. Ferrule-effect dominates over use of a fiber 
post when restoring endodontically treated incisors: 
an in vitro study. Oper Dent 2017;42:396-406. 

10. Dal Piva AMO, Tribst JPM, Souza ROAE, Borges ALS. In-
fluence of alveolar bone loss and cement layer thick-
ness on the biomechanical behavior of endodonti-
cally treated maxillary incisors: a 3-dimensional finite 
element analysis. J Endod 2017;43:791-5. 

11. De Andrade GS, Tribst JPM, Orozco EI, Augusto MG, 
Bottino MA, Borges AL, Anami LC, Saavedra GD. Influ-
ence of different post-endodontic restorations on the 
fatigue survival and biomechanical behavior of cen-
tral incisors. Am J Dent 2020;33:227-34.

12. Dietschi D, Duc O, Krejci I, Sadan A. Biomechani-
cal considerations for the restoration of endodon-
tically treated teeth: a systematic review of the 
literature--Part 1. Composition and micro- and mac-
rostructure alterations. Quintessence Int 2007;38:733-
43. 

13. De Andrade GS, Saavedra GSFA, Augusto MG, Leon 
GA, Brandão HCB, Tribst JPM, de Oliveira Dal Piva AM. 
Post-endodontic restorative treatments and their me-
chanical behavior: A narrative review. Dent Rev 2023; 
3:100067. 

14. Fokkinga WA, Kreulen CM, Vallittu PK, Creugers NH. A 
structured analysis of in vitro failure loads and failure 
modes of fiber, metal, and ceramic post-and-core sys-

tems. Int J Prosthodont 2004;17:476-82. 
15. Campaner LM, Ribeiro AO, Tribst JPM, Borges AL, Di 

Lauro AE, Lanzotti A, Garcia-Godoy F, Ausiello P. Load-
ing stress distribution in posterior teeth restored by 
different core materials under fixed zirconia partial 
denture: A 3D-FEA study. Am J Dent 2021;34:157-62. 

16. Sterzenbach G, Franke A, Naumann M. Rigid versus 
flexible dentine-like endodontic posts-clinical testing 
of a biomechanical concept: seven-year results of a 
randomized controlled clinical pilot trial on endodon-
tically treated abutment teeth with severe hard tissue 
loss. J Endod 2012;38:1557-63.

17. Naumann M, Schmitter M, Frankenberger R, Krastl G. 
Ferrule comes first. Post is second! Fake news and al-
ternative facts? a systematic review. J Endod 2018;44: 
212-9. 

18. Tribst JPM, Dal Piva AMO, de Jager N, Bottino MA, de 
Kok P, Kleverlaan CJ. Full-crown versus endocrown 
approach: a 3d-analysis of both restorations and the 
effect of ferrule and restoration material. J Prostho-
dont 2021;30:335-44. 

19. Santos Pantaleón D, Valenzuela FM, Morrow BR, Pam-
eijer CH, García-Godoy F. Effect of cervical lesions on 
fracture resistance and failure mode of maxillary cen-
tral incisors restored with fiber posts and complete 
crowns. Oper Dent 2021;46:669-79. 

20. Kharboutly NA, Allaf M, Kanout S. Three-dimensional 
finite element study of endodontically treated maxil-
lary central incisors restored using different post and 
crown materials. Cureus 2023;15:e33778. 

21. Zarow M, Dominiak M, Szczeklik K, Hardan L, Bourgi R, 
Cuevas-Suárez CE, Zamarripa-Calderón JE, Kharouf N, 
Filtchev D. Effect of composite core materials on frac-
ture resistance of endodontically treated teeth: a sys-
tematic review and meta-analysis of in vitro studies. 
Polymers (Basel) 2021;13:2251. 

22. Morgano SM. Restoration of pulpless teeth: applica-
tion of traditional principles in present and future 
contexts. J Prosthet Dent 1996;75:375-80. 

23. Jurema ALB, Filgueiras AT, Santos KA, Bresciani E, 
Caneppele TMF. Effect of intraradicular fiber post on 
the fracture resistance of endodontically treated and 
restored anterior teeth: A systematic review and me-
ta-analysis. J Prosthet Dent 2022;128:13-24. 

24. Trabert KC, Caput AA, Abou-Rass M. Tooth fracture-a 
comparison of endodontic and restorative treat-

https://doi.org/10.4047/jap.2024.16.2.77



https://jap.or.kr 89

ments. J Endod 1978;4:341-5. 
25. Libman WJ, Nicholls JI. Load fatigue of teeth restored 

with cast posts and cores and complete crowns. Int J 
Prosthodont 1995;8:155-61. 

26. Greenfeld RS, Roydhouse RH, Marshall FJ, Schoner 
B. A comparison of two post systems under applied 
compressive-shear loads. J Prosthet Dent 1989;61:17-
24. 

27. Savychuk A, Manda M, Galanis C, Provatidis C, Koidis 
P. Stress generation in mandibular anterior teeth re-
stored with different types of post-and-core at various 
levels of ferrule. J Prosthet Dent 2018;119:965-74. 

28. Magne P, Gallucci GO, Belser UC. Anatomic crown 
width/length ratios of unworn and worn maxillary 
teeth in white subjects. J Prosthet Dent 2003;89:453-
61.

29. Senn LF, Lazos JP, Brunotto M. Assessment of maxil-
lary central incisor crown form. Int J Periodontics Re-
storative Dent 2013;33:347-53.

30. Lazos JP, Senn LF, Brunotto MN. Characterization of 
maxillary central incisor: novel crown-root relation-
ships. Clin Oral Investig 2014;18:1561-7. 

31. Heydecke G, Butz F, Strub JR. Fracture strength and 
survival rate of endodontically treated maxillary in-
cisors with approximal cavities after restoration with 
different post and core systems: an in-vitro study. J 
Dent 2001;29:427-33. 

32. Naumann M, Preuss A, Rosentritt M. Effect of incom-
plete crown ferrules on load capacity of endodon-
tically treated maxillary incisors restored with fiber 
posts, composite build-ups, and all-ceramic crowns: 
an in vitro evaluation after chewing simulation. Acta 
Odontol Scand 2006;64:31-6. 

33. da Rocha DM, Tribst JPM, Ausiello P, Dal Piva AMO, da 
Rocha MC, Di Nicoló R, Borges ALS. Effect of the re-
storative technique on load-bearing capacity, cusp 
deflection, and stress distribution of endodontical-
ly-treated premolars with MOD restoration. Restor 
Dent Endod 2019;44:e33. 

34. Dal Piva AMO, Tribst JPM, Borges ALS, Kleverlaan CJ, 
Feilzer AJ. The ability of mouthguards to protect ve-
neered teeth: A 3D finite element analysis. Dent Trau-
matol 2023;39:191-9. 

35. Coelho CS, Biffi JC, Silva GR, Abrahão A, Campos RE, 
Soares CJ. Finite element analysis of weakened roots 
restored with composite resin and posts. Dent Mater J 

2009;28:671-8.
36. Zarow M, Ramírez-Sebastià A, Paolone G, de Ribot 

Porta J, Mora J, Espona J, Durán-Sindreu F, Roig M. A 
new classification system for the restoration of root 
filled teeth. Int Endod J 2018;51:318-34. 

37. Bhuva B, Giovarruscio M, Rahim N, Bitter K, Mannoc-
ci F. The restoration of root filled teeth: a review of the 
clinical literature. Int Endod J 2021;54:509-35. 

38. Ma PS, Nicholls JI, Junge T, Phillips KM. Load fatigue 
of teeth with different ferrule lengths, restored with 
fiber posts, composite resin cores, and all-ceramic 
crowns. J Prosthet Dent 2009;102:229-34. 

39. Peroz I, Blankenstein F, Lange KP, Naumann M. Re-
storing endodontically treated teeth with posts and 
cores-a review. Quintessence Int 2005;36:737-46. 

40. Pierrisnard L, Bohin F, Renault P, Barquins M. Coro-
no-radicular reconstruction of pulpless teeth: a me-
chanical study using finite element analysis. J Pros-
thet Dent 2002;88:442-8.

41. Li X, Kang T, Zhan D, Xie J, Guo L. Biomechanical be-
havior of endocrowns vs fiber post-core-crown vs cast 
post-core-crown for the restoration of maxillary cen-
tral incisors with 1 mm and 2 mm ferrule height: A 3D 
static linear finite element analysis. Medicine (Balti-
more) 2020;99(43):e22648.

42. Sorrentino R, Aversa R, Ferro V, Auriemma T, Zarone 
F, Ferrari M, Apicella A. Three-dimensional finite ele-
ment analysis of strain and stress distributions in end-
odontically treated maxillary central incisors restored 
with different post, core and crown materials. Dent 
Mater 2007;23:983-93.

43. Sathorn C, Palamara JE, Palamara D, Messer HH. Ef-
fect of root canal size and external root surface mor-
phology on fracture susceptibility and pattern: a finite 
element analysis. J Endod 2005;31:288-92. 

44. Ichim I, Kuzmanovic DV, Love RM. A finite element 
analysis of ferrule design on restoration resistance 
and distribution of stress within a root. Int Endod J 
2006;39:443-52.

45. Yang A, Lamichhane A, Xu C. Remaining coronal den-
tin and risk of fiber-reinforced composite post-core 
restoration failure: a meta-analysis. Int J Prosthodont 
2015;28:258-64. 

46. Lanza A, Aversa R, Rengo S, Apicella D, Apicella A. 3D 
FEA of cemented steel, glass and carbon posts in a 
maxillary incisor. Dent Mater 2005;21:709-15. 

J Adv Prosthodont 2024;16:77-90Influence of size-anatomy of the maxillary central incisor on the biomechanical 
performance of post-and-core restoration with different ferrule heights



90 https://jap.or.kr

The Journal of Advanced Prosthodontics

47. Rundquist BD, Versluis A. How does canal taper affect 
root stresses? Int Endod J 2006;39:226-37. 

48. Santos AF, Meira JB, Tanaka CB, Xavier TA, Ballester 
RY, Lima RG, Pfeifer CS, Versluis A. Can fiber posts in-
crease root stresses and reduce fracture? J Dent Res 
2010;89:587-91.

49. Della Bona A, Mecholsky JJ Jr, Anusavice KJ. Fracture 
behavior of lithia disilicate- and leucite-based ceram-
ics. Dent Mater 2004;20:956-62. 

50. Okeson JP. Management of temporomandibular dis-
orders and occlusion. 8th ed. St. Louis; CV Mosby; 
2019. 

51. Pereira JR, Neto Tde M, Porto Vde C, Pegoraro LF, do 
Valle AL. Influence of the remaining coronal structure 
on the resistance of teeth with intraradicular retainer. 
Braz Dent J 2005;16:197-201.

52. Pereira JR, de Ornelas F, Conti PC, do Valle AL. Effect 
of a crown ferrule on the fracture resistance of end-
odontically treated teeth restored with prefabricated 
posts. J Prosthet Dent 2006;95:50-4.

53. Pereira JR, Valle AL, Shiratori FK, Ghizoni JS, Melo MP. 
Influence of intraradicular post and crown ferrule on 
the fracture strength of endodontically treated teeth. 
Braz Dent J 2009;20:297-302.

https://doi.org/10.4047/jap.2024.16.2.77




