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Clinical Implications
Posts made of materials with a higher modulus of elasticity than dentin 
strengthen tooth structure. Teeth restored with metal posts should be 
more resistant to fracture than teeth with FRC posts. Under physiologi-
cal loads, ideally cemented posts in anterior teeth, regardless of wheth-
er they are made of metal or FRC, are not prone to damage or debond-
ing. Ceramic crowns supported by metal cores are potentially more 
resistant to failure than those with composite resin core foundations.

Statement of problem. Previous studies on the strength of teeth restored with posts have not resolved the controversy 
as to which post systems provide the greatest strength and longevity.

Purpose. The purpose of this study was to compare the strength of teeth restored using cast posts with those restored 
using glass fiber-reinforced composite resin posts and to evaluate the bond strength of the posts to dentin.

Material and methods. The investigation was conducted by using finite element analysis, combined with the ap-
plication of contact elements. Three-dimensional (3-D) models of the maxillary central incisors were generated: IT, 
an intact tooth; CC, a tooth with a ceramic crown; FP, a tooth restored with an FRC (glass fiber-reinforced compos-
ite resin) post; CPAu, a tooth restored with a gold alloy cast post; and CPNi, a tooth restored with an NiCr (nickel 
chromium alloy) cast post. Each model was subjected to vertical and oblique loads with a force of 100 N. To evaluate 
the strength of the restored tooth, ceramics, and composite resin, the modified von Mises failure criterion was used, 
the Tsai-Wu criterion for FRC, and the von Mises criterion for gold and NiCr alloy. The equivalent stresses found in 
the tested models were compared with the tensile strength of the respective materials. Contact stresses in the luting 
cement-dentin interface were calculated.

Results. The maximum mvM (modified von Mises failure criterion) stresses in the dentin of the teeth restored with 
FRC posts were reduced by 21%, and in those restored with cast NiCr posts, stresses were reduced by 25% when 
compared to the stresses in the intact tooth. The equivalent stresses in metal posts were several times higher than in 
FRC posts, but did not exceed the tensile strength of the materials. The highest mvM stress in the luting resin cement 
around the FRC post was 55% higher than in the luting resin cement around the metal post, under an oblique load. In 
the ceramic crown, which covered the composite resin post and core, the highest mvM stress was 30.7 MPa, whereas 
with the metal post and core, it was 23 MPa.

Conclusions. Cast metal posts resulted in lower stresses in the dentin of the restored teeth than did FRC posts. Ir-
respective of the material, the equivalent stresses in the posts did not exceed their tensile strength. Lower stresses were 
present in the luting cement and the cement-dentin interface around cast posts than around FRC posts. In the ceramic 
crown supported by a metal post and core, the stresses were lower than those observed in the crown supported by a 
composite resin core foundation. (J Prosthet Dent 2011;105:115-126)
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Posts and cores are recommended 
for endodontically treated, weakened 
teeth as a foundation for prosthetic 
crowns.1 Of the various post systems 
available, custom metal posts or pre-
fabricated fiber-reinforced composite 
resin (FRC) posts are commonly rec-
ommended for clinical use.2

Custom posts and cores are cast 
from alloys that are characterized by 
high elastic moduli (95 GPa for gold 
alloys3 and 188 GPa for nickel-chro-
mium alloys4). FRC posts exhibit me-
chanical anisotropic properties.5 The 
Young’s modulus along the longitudi-
nal axis of the post (fiber alignment 
direction) is 37 GPa, whereas it is 9.5 
GPa5 in the perpendicular direction. 
Gold-alloy posts have 7 times the flex-
ural strength (1545 MPa) of dentin 
(213 MPa).6 FRC posts have a lower 
flexural strength (879 MPa), although 
it is still 4 times that of dentin.6,7

The strength and longevity of a 
restoration depend on the post ma-
terial, its length, the thickness of the 
root walls, the length of the root, the 
post’s bond to dentin, the remaining 
coronal tooth structure, the presence 
of a ferrule, as well as the load on 
the tooth.8 Despite numerous finite 
element analysis (FEA) studies, it re-
mains undetermined which post sys-
tem provides the greatest strength to 
a restored tooth. According to some 
authors, the higher the elastic modu-
lus of the post material, the higher the 
stress concentration in the post itself 
and the lower the stresses transferred 
to the dentin, crown, and cement.9-12 
However, it has been noted in several 
studies that lower and more favorably 
distributed stresses occur in teeth 
with FRC posts than in teeth with 
metal posts.13-19

In vitro strength tests have not re-
solved the question as to which post 
system is better. Some authors have 
reported that teeth restored with FRC 
posts have a higher fracture resis-
tance than teeth restored with metal 
posts.20,21 Others have shown that a 
higher static force is needed to frac-
ture teeth with cast posts than those 
with FRC posts, although in both situ-

ations, the load exceeded the average 
masticatory force.22-26 In these stud-
ies, the force most often caused dam-
age to the tooth structure and not 
to the post, regardless of post type. 
Fractures in teeth with FRC posts 
usually occurred in the cervical area, 
while custom metal posts were associ-
ated with root fractures.27-30 Goto et al 
31 and Hu et al32 found that, in vitro, 
teeth restored with FRC posts were 
more fatigue resistant. Forberger and 
Göhring33 demonstrated that stiff met-
al cores provide better marginal con-
tinuity of ceramic crowns than com-
posite resin cores. However, long-term 
clinical observations did not show 
any statistically significant differences 
between the performance of teeth re-
stored with cast systems and those re-
stored with FRC post systems.34,35

 The purpose of this study was 
to compare the strength of maxillary 
central incisors restored with cast 
posts to those restored with glass fi-
ber-reinforced composite resin posts 
and to evaluate the bond strength of 
the posts to dentin.

MATERIAL AND METHODS

Scans of the surfaces of a maxil-
lary first central incisor were made 
with a laser scanner (D250 3D Dental 
Scanner; 3Shape A/S, Copenhagen, 
Denmark). The scans were processed 
with software (3Shape DentalDe-
signer; 3Shape A/S). Other scans of 
the examined tooth were made with 
cone-beam computerized tomogra-
phy (CBCT) (GXCB-500/i-CAT; Gen-
dex Dental Systems, Des Plaines, Ill). 
Files with coordinates of the points 
on the tooth surfaces (obtained 
from the scanner) and the points on 
the enamel-dentin-pulp junction (ob-
tained from the CBCT), in horizontal 
layers (every 1 mm), were introduced 
into the finite element analysis FEA 
software (ANSYS v. 10; ANSYS, Inc, 
Canonsburg, Pa).36 The points were 
connected with splines, and then the 
cross-sections of the tooth were cre-
ated in an ANSYS code preproces-
sor. Connecting those cross-sections 

allowed for the creation of a solid 
model of the central incisor, divided 
into enamel, dentin, and pulp (Fig. 
1, A). The size and shape of the tooth 
were similar to published anatomi-
cal values.37 The crown was 10.5 mm 
long, 8.5 mm in mesiodistal width, 
with a root length of 13 mm. A 0.2-
mm periodontal ligament was mod-
eled around the tooth root (model 
IT). The tooth model was located in 
the system of coordinates in such a 
way that the Z axis was parallel to the 
long axis of the tooth, the X axis was 
oriented mesiodistally, and the Y axis 
was oriented buccolingually.

The tooth was prepared for a ce-
ramic crown in accordance with stan-
dard clinical recommendations,38 with 
a 10-degree axial wall inclination, a 
2-mm incisal reduction, and a 0.8-
mm rounded shoulder at the gingi-
val margin. The prepared tooth was 
scanned (D250 3D Dental Scanner; 
3Shape A/S). A cloud of points was 
introduced into the ANSYS applica-
tion, and the surface of the prepared 
tooth crown was generated in the 
software. The IT model was cut with 
the surfaces shown; thus, a model of 
the incisor restored with a ceramic 
crown was developed (CC model) 
(Fig. 1, B). An additional 0.1-mm-
thick layer surrounding the prepared 
tooth was made to simulate the ce-
ment layer.

In the ANSYS code preprocessor, a 
15 x 1.2-mm cylinder surrounded by a 
0.1-mm cement layer was generated; 
the cylinder had a truncated cone at 
the end. That solid was introduced 
in the tooth root and in the pulp 
chamber and then was added to the 
CC tooth model. In this way, a tooth 
model with a standard FRC post and 
a prosthetic crown was generated (FP 
model) (Fig. 1, C). 

Similarly, a 10-mm-long cylinder 
with a diameter of 1.2 mm and a trun-
cated cone at the end was formed. 
The cylinder was introduced into the 
tooth canal and added to the CC 
tooth model. The tooth model was 
sectioned perpendicularly to the lon-
gitudinal axis, at a distance of 2 mm 
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from the cemento-enamel junction. 
Thus, a tooth model with a custom 
cast post and a prosthetic crown was 
created (CP model) (Fig. 1, D).

Custom cast posts were modeled 
from a gold alloy (CPAu model) and 
a nickel-chromium alloy (NiCr) (CPNi 
model); in addition, a prefabricated 
post made of glass fiber-reinforced 
composite resin (FRC) was used (FP 
model). The crown was modeled from 
leucite-reinforced ceramic (IPS Empress 
Esthetic; Ivoclar Vivadent AG, Schaan, 
Liechtenstein). Both posts were ideally 
adhesively bonded to the tooth struc-
ture with composite resin cement (Vari-
olink II; Ivoclar Vivadent AG). 

The values for Young’s modulus, 
Poisson’s ratio, compressive strength, 
and tensile strength were entered for 
enamel,3,39,40 dentin,3,41-43 periodon-

tium,44,45 gold alloy (type IV), 3,46 NiCr 
alloy,4 FRC,5,47 luting composite resin 
cement,48,49 core composite resin,50,51 
and ceramic.52,53 The models were 
considered to be linear, elastic, ho-
mogeneous, and isotropic (except for 
the FRC post). Modulus of elasticity, 
Poisson’s ratio, tensile strength, and 
compressive strength data for all ma-
terials used in the models are listed in 
Table I.

For calculation purposes, each 
tooth model was divided into 10-
node structural solid elements (Solid 
187). In the intact tooth model (IT), 
71,243 elements joined at 98,476 
nodes were used. The complete crown 
model (CC) was composed of 76,885 
elements, 104,212 nodes; the prefab-
ricated post (FP): 85,916 elements, 
114,959 nodes; and a custom cast 

post (CPNi, CPAu): 86,480 elements, 
115,645 nodes. Pairs of bonded con-
tact elements, Targe 170 and Conta 
174, were used around the restora-
tions, at the interface of the luting 
cement-dentin bond. 

The IT, CC, FP, CPNi, and CPAu 
models were fixed in nodes on the 
outer surface of the periodontium, 
and 2 load directions, vertical and 
oblique, were applied. These forces 
simulated loads acting on the inci-
sor during clenching (in maximum 
intercuspation) and incising. Their 
total value was equal to 100 N.54 The 
vertical forces were applied along the 
incisal edge, parallel to the longitudi-
nal axis of the tooth (Fig. 2, A); the 
oblique forces were applied to the 
nodes under the lingual cingulum, at 
130 degrees to the longitudinal axis 

A

C

B

D
 1  Cross-section of maxillary central incisor models with various restorations. 
A, IT: intact tooth. B, CC: tooth with ceramic crown. C, FP: tooth with glass 
fiber-reinforced resin composite post (FRC). D, CP: tooth with cast post.
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(Fig. 2, B).55

The contact simulation conducted 
with FEA is a nonlinear analysis; it 
therefore required the load to be di-
vided into steps. In the ANSYS code, 
there was an automatic division into 
steps and an iterative procedure was 
applied. The components of stresses 
(normal, shear, and principal stress-
es) in 5 models for 2 variants of load, 

vertical and oblique, were calculated. 
One of the criteria used to evaluate 

the strength of materials under com-
pound stress states is the modified 
von Mises (mvM) failure criterion,56 
which considers the ratio between 
the compressive and tensile strength 
(enamel, 33.4; dentin, 2.8; ceramic, 
3.3; composite resin and cement, 
3.9). For the NiCr alloy and gold al-

loy, this ratio is equal to 1; therefore, 
the criterion takes the form of the von 
Mises criterion (vM). According to 
the failure criteria, the material will 
fail when the values of the equivalent 
stresses exceed the tensile strength of 
the material. To evaluate the strength 
of FRC posts, which have strong or-
thotropic properties, the Tsai-Wu 
criterion was applied.57 If the value 

Table I. Properties of materials used in models

Enamel 

Dentin

Periodontium

Gold alloy post

NiCr alloy post

Fiberglass post
(along direction of fibers)

Fiberglass post
(perpendicular to
direction of fibers)

Crown leucite ceramics

Composite resin core

Composite resin
luting cement

0.33

0.31

0.45

0.33

0.33

0.34

0.27

0.19

0.24

0.35

11.540

105.543

–

457.046

710.04

1200.047

73.047

48.853

41.051

45.149

Ratio Strength (MPa)
Poisson’s

84.139

18.641,42

0.0544

95.03

188.04

37.05

  9.55

65.052

14.150

8.348

Elasticity (GPa)
Modulus of Tensile

384.03

297.03

–

–

710.04

1000.047

160.047

162.953

293.051

178.049

Strength (MPa)
Compressive

Material

 2  Central incisor models subjected to force. A, Obliquely acting on palatal surface below 
cusps. B, Vertically acting on incisal edge.

A B
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of the inverse Tsai-Wu strength ratio 
index (ITWSR) is less than 1, then 
the material will not fracture. How-
ever, if this value is higher than 1, then 
damage to the material may occur.57 
The results of the calculation are pre-
sented in the form of maps of stress 
distribution in the separate materials 
of the models. The maximum values 
of equivalent stresses that occurred in 
the model materials were compared 
to one another and to their respective 
tensile strength.

Compressive, tensile, and shear 
contact stresses at the luting cement-
dentin interface around posts and 
under the crown were also calculated. 
They were graphically depicted as 
maps on the contact surfaces of the 
restoration and dentin. The maximum 
values of contact stresses in the mod-
els were compared with one another. 

RESULTS

The values of the maximum mvM 
stresses occurring in the materials of 
models under an oblique load are 
presented in Table II, and under a ver-

tical load, in Table IV. The values of 
the maximum tensile, compressive, 
and shear contact stresses are shown 
in Tables III and V for the oblique and 
vertical loads, respectively.

The maximal mvM stresses (21.6 
MPa) in the intact tooth (model IT) 
were concentrated in the enamel, near 
the cingulum, under the oblique load 
(Fig. 3, A) (Table II), and on the in-
cisal edge (21.1 MPa) with vertical 
forces (Table IV). In dentin, the high-
est mvM stress of 14.0 MPa occurred 
in the palatal wall of the root during 
oblique loading (Fig. 3, B) (Table 
II). The forces acting along the axis 
caused low stresses of 3.7 MPa in 
dentin (Table IV). 

The mvM stresses in the dentin of 
the CC model decreased to 11.0 MPa 
with oblique loading and increased 
slightly to 4.2 MPa with vertical load-
ing. In the FP model, mvM stresses in 
dentin were similar to those observed 
in the CC model (Fig. 3, C). The resto-
ration of the tooth with a metal post 
(model CPNi) resulted in a reduction 
in mvM stresses to 10.5 MPa in dentin 
with oblique loading (Fig. 3, D) and 

3.2 MPa with vertical loading (Tables 
II and IV). 

In the ceramic crown of the CC 
model, mvM stresses did not exceed 
the value of 29.0 MPa. In the ceram-
ic crown supported by an FRC post 
(model FP), mvM stresses of 30.7 
MPa were concentrated in the area 
to which the forces were applied, and 
along the gingival edge of the resto-
ration (Fig. 4, A) (Table II). In the 
composite resin cement bonding the 
crown with the core, the maximum 
mvM stresses of 13.8 MPa were local-
ized near the palatal finish line (Fig. 
4, B) (Table II). In this location, the 
maximum contact tensile stresses of 
11.3 MPa occurred, as well (Fig. 4, C) 
(Table III). The highest contact shear 
stresses were observed near the labial 
finish line (Fig. 4, D) (Table III). In the 
FRC post, the Tsai-Wu criterion did 
not exceed 0.07 (Fig. 4, E) (Table II). 
Under the vertical load, around the 
post, mvM stresses in the cement and 
contact stresses at the cement-tissue 
interface were low (Table IV, V). Un-
der the oblique load, in the cement 
around the post, stresses reached 9.6 

Table II. Maximum equivalent stresses of mvM failure criterion of central incisor tooth model ma-
terials, under oblique load (MPa)

IT

CC

FP

CPAu

CPNi

FRC post: glass fiber-reinforced composite resin post; NiCr post: nickel chromium alloy post; Gold post: gold alloy post;
ITWSR: inverse Tsai-Wu strength ratio index

21.6

28.8

30.7

24.5

23.0

–

–

0.07 
(ITWSR)

38.6

64.8

14.0

11.0

10.9

10.7

10.5

–

13.8

13.8

12.6

12.6

–

–

9.6

6.8

6.2

Intact tooth

Tooth with
ceramic crown

Tooth with
FRC post

Tooth with
gold cast post

Tooth with
NiCr cast  post

Ceramic Resin Resin
Crown/ Cement CementCentral
Tooth Under AroundIncisorModel

Enamel Post Dentin Crown PostModelSymbol
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Table III. Maximum contact tensile and shear stresses in luting cement-dentin adhesive interface in 
tooth models, under oblique load (MPa)

Table IV. Maximum equivalent stresses of mvM failure criterion of materials in central incisor 
tooth models, under vertical load (MPa)

CC

FP

CPAu

CPNi

11.1

11.3

8.9

8.8

3.3

3.4

3.1

3.0

Tooth with
ceramic crown

Tooth with
FRC post

Tooth with
gold cast post

Tooth with
NiCr cast  post

Under Crown
Central

TensileIncisorModel
Stress (MPa)

Shear
Stress (MPa)

–

5.2

5.1

4.8

–

1.6

1.0

0.9

Around Post

Tensile
Stress (MPa)

Shear
Stress (MPa)ModelSymbol

IT

CC

FP

CPAu

CPNi

21.1

28.6

30.4

26.2

21.3

–

–

0.02
(ITWSR)

23.0

45.2

3.7

4.2

4.3

3.5

3.2

–

3.7

3.8

3.3

3.1

–

–

0.7

0.9

1.4

Intact tooth

Tooth with
ceramic crown

Tooth with
FRC post

Tooth with
gold cast post

Tooth with
NiCr cast  post

Ceramic Resin Resin
Crown/ Cement CementCentral
Tooth Under AroundIncisorModel

Enamel Post Dentin Crown PostModelSymbol

MPa (Table II). Contact tensile stress-
es of 5.2 MPa were concentrated 
around the core-post junction (Fig. 4, 
F), whereas contact shear stresses of 
1.6 MPa occurred at the core-dentin 
bond (Fig. 4, G) (Table III). 

The mvM stress distribution in the 
tooth with a cast NiCr post (model 
CPNi) was similar to that in the tooth 
with an FRC post (model FP), but the 

values were reduced. The maximum 
mvM stresses of 23 MPa occurred at 
the gingival edge of the ceramic crown 
(Fig. 5, A) (Table II). In the resin ce-
ment, at the palatal finish line, mvM 
stresses reached 12.6 MPa (Table II). 
The highest contact tensile stresses (3 
MPa) were found in the same loca-
tion (Table III). The concentration of 
the maximum equivalent vM stresses 

(64.8 MPa) occurred in the core-
metal post junction under oblique 
loading (Fig. 5, B) (Table II). Around 
the post in cement, the highest mvM 
stresses were equal to 6.2 MPa (Table 
II). Contact tensile stresses (4.8 MPa) 
and contact shear stresses (0.9 MPa) 
were concentrated around the core-
dentin bond (Fig. 5, C and D) (Table 
III). Under the axial load, mvM stresses 
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Table V. Maximum values of contact tensile and shear stresses in luting cement-dentin adhesive inter-
face in models of teeth with various restorations, under vertical load (MPa)

CC

FP

CPAu

CPNi

2.0

2.1

1.9

1.8

2.7

3.1

2.1

2.0

Tooth with
ceramic crown

Tooth with
FRC post

Tooth with
gold cast post

Tooth with
NiCr cast  post

Under Crown
Central

TensileIncisorModel
Stress (MPa)

Shear
Stress (MPa)

–

0.5

0.6

0.7

–

0.2

0.4

0.6

Around Post

Tensile
Stress (MPa)

Shear
Stress (MPa)ModelSymbol

 3  Distribution of stresses of modified von Mises failure criterion under oblique load in: A, enamel of intact cen-
tral incisor (model IT); B, dentin of intact central incisor (model IT); C, dentin of central incisor with FRC post 
(model FP); D, dentin of central incisor with cast CPNi post. Highest values of mvM stresses are marked in red 
color; MX denotes maximum value.

A

C

B

D
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 4  Distribution of stresses in different materials of tooth model with FRC post (FP model) under oblique load: A, Dis-
tribution of mvM stresses in ceramic crown supported by FRC post and core. B, Distribution of mvM stresses in luting 
resin cement between ceramic crown and dentin. C, Compressive and tensile contact stresses distribution in cement-
dentin interface under ceramic crown. D, Shear contact stresses distribution in adhesive cement-dentin interface 
under ceramic crown. E, Distribution of index Tsai-Wu ratio in FRC post. F, Compressive and tensile contact stresses 
distribution in cement-dentin interface around FRC post. G, Shear contact stresses distribution in cement-dentin in-
terface around FRC post. Highest values of mvM stresses, index Tsai-Wu ratio, contact compressive stresses, and shear 
stresses are marked in red color; MX denotes maximum value. Highest contact tensile stresses are marked in dark blue 
color; MN denotes maximum value.

A

C

E

B

D

F

G
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around the post were lowest (Table V). 
The values of mvM stresses and 

contact stresses in the tooth with a 
cast gold post (model CPAu) were 
slightly higher than in CPNi model, 
except for tensile and shear contact 
stresses around the gold cast post un-
der the vertical load (Tables II-V). von 
Misses stresses were 40% to 49% lower 
in the gold post than in the NiCr post. 

DISCUSSION

It follows from the analyses per-
formed in this study that the use of 
posts caused a 21% to 25% reduction 
in stresses in dentin under an oblique 
load, whereas the use of posts did not 
cause major changes in stresses in den-
tin under a vertical load (Tables II and 
IV). For the tooth with an FRC post, 

the distribution and values of stress-
es were similar to those observed in 
the tooth with a ceramic crown only. 
However, in tooth structures with 
cast posts, lower stresses were re-
corded than in teeth with FRC posts. 
The higher the elastic modulus of the 
post material, the lower the stresses 
that occurred in the dentin of the re-
stored teeth. This finding is in agree-
ment with the results of FEA studies 
performed by other authors,9,10,11,12 
which showed that the use of posts 
made from rigid materials causes a 
decrease in stresses in tooth tissue, 
especially in the cervical dentin. This 
was confirmed by the strength tests 
conducted by Qing et al23 and Bon-
fante et al,26 in which teeth with metal 
posts failed when subjected to forces 
that were significantly higher than the 

force which fractured teeth with FRC 
posts. Furthermore, Kivanç et al,22 
Martínez-Insua et al,24 and Marchi et 
al25 showed that cast posts ensured 
better fracture resistance of teeth as 
compared to fiber-reinforced posts. 

The stress values in posts de-
pend on the elastic modulus of the 
post material.5,16 The present study 
demonstrated that equivalent mvM 
stresses in the metal posts increased 
with the increasing elastic modulus of 
the post materials. The stresses were 
11-12 times lower than the tensile 
strength of those materials (for gold, 
36.8 MPa as compared to 457 MPa, 
and for NiCr alloys, 64.8MPa as com-
pared to 710 MPa).4,46 For the FRC 
post, the Tsai-Wu criterion recorded 
a value of 0.07 (the danger level for 
the material is a 1 ratio). According 

 5  Distribution of mvM stresses in different materials of tooth model with cast NiCr post (CPNi model) under 
oblique load: A, Distribution of mvM stresses in ceramic crown supported by cast post and core. B, Distribution of 
mvM stresses in cast post. C, Compressive and tensile contact stresses distribution in adhesive cement-dentin inter-
face around cast post. D, Shear contact stresses distribution in adhesive cement-dentin interface around cast post. 
Highest values of mvM stresses, contact compressive stresses, and shear stresses are marked in red color; MX de-
notes maximum value. Highest contact tensile stresses are marked in dark blue color; MN denotes maximum value.

A

C

B

D
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to these criteria, under physiological 
loads, there is no risk of damage be-
ing caused to posts, irrespective of 
the material of which they are made. 

Contact tensile and shear stresses 
at the cement-dentin interface around 
cast posts under an oblique load were 
10 times higher than under a vertical 
load. With regard to the oblique load, 
the more rigid the post, the lower the 
mvM stresses in the luting cement 
around it and the lower the contact 
stresses in the cement-dentin interface.

The maximum mvM stresses in 
ceramic crowns occurred in the areas 
where the forces were applied (on the 
incisal edge and the cingulum) and in 
the cervical margins of the restora-
tions. The stresses did not exceed the 
tensile strength of leucite ceramics.53  
In the ceramic crown supported by an 
NiCr post and core, the stresses were 
25% to 30% lower (depending on the 
tooth load) than in the crown with an 
FRC and composite resin core. More-
over, in the luting cement between the 
prosthetic crown and the metal core, 
mvM stresses were 9% to 18% lower 
than those of the composite resin 
core. The higher the elastic modu-
lus of the core, the lower the mvM 
stresses in the prosthetic crown and 
the cement bonding it to tooth tissue, 
and the lower the contact stresses in 
the cement-dentin interface under the 
crown. These results agree with in vi-
tro tests conducted by Forberger and 
Gohring33; according to their find-
ings, the more rigid the crown core, 
the higher the fracture resistance and 
the better the marginal continuity of 
the crown under thermal cycling. 

Similar 3-D FEA studies were con-
ducted by Silva et al,5 Bosichaian et 
al,13 Lanza et al,14 and Okada et al,15 
while 2-D FEA research was performed 
by others.16,17,18 These authors con-
cluded that FRC posts generated lower 
and more homogeneously distributed 
stresses under a load in dentin than 
metal posts. In those studies, stresses 
in entire models were analyzed. To 
evaluate the material strength, these 
authors used the von Mises criterion, 
which does not account for differ-

ences in the tensile and compressive 
strength of the materials. In the pres-
ent study, the modified von Mises 
failure criterion for tissues, ceramics, 
and composite resin, and the Tsai-Wu 
failure criterion for FRC, were used. 
These criteria allow for an evaluation 
of material strength that more closely 
matches clinical situations. In the pre-
viously mentioned studies, contact 
stresses at the post-dentin interface 
were not studied. In these situations, 
bonded contact elements were ap-
plied around restorations on the ce-
ment-dentin bonding interface, which 
made it possible to calculate contact 
tensile, compressive, and shear stress-
es and visualize their distribution in 
the area of the cement-dentin inter-
face around posts and cores. 

It is impossible for a computer 
simulation to include all of the fac-
tors encountered in the oral environ-
ment. The applicability of FEA results 
to oral conditions depends, among 
other factors, on the similarity be-
tween the shape, dimensions, materi-
al data, load nature of the model, and 
the structures being analyzed. In the 
calculations made, the 3-D model of 
the incisor corresponded to the shape 
and dimensions of an average maxil-
lary central incisor.37 It was assumed 
that the materials used in the model 
were linearly elastic, homogeneous, 
and isotropic (except the fiber-rein-
forced posts), but they had different 
compressive and tensile strengths. 
The properties of tooth structures are 
not homogeneous and are anisotro-
pic (dentin, due to its capillary mor-
phological structure; enamel, due to 
its prismatic structure39; and peri-
odontium, due to the ligament ori-
ented in a different direction). There 
are not considerable differences in the 
elastic moduli of tooth structures, de-
pending on the direction (for enamel, 
Ex=87.5; Ey=72.7).39 However, glass 
fiber-reinforced posts exhibit strong 
orthotropic properties that have been 
considered in this research.5,14  In the 
current study, the modulus of elastic-
ity for the PDL used was 5 x 10-2 GPa, 
based upon the study by Rees and Ja-

cobsen,44 and, therefore, 3 orders of 
magnitude higher than the appropri-
ate value of 1-3 x 10-5 GPa reported 
by Ruse.45 These studies also assumed 
that the bonds between the resto-
rations and tooth structures were 
ideal. Under clinical conditions, the 
bond strength of luting resin cement 
to tooth structures and restorations 
depends on many factors: the prepa-
ration of the restoration surfaces, 
etching, and the application of the 
bonding agent to enamel and dentin, 
as well as the polymerization of the 
luting cement. The post-dentin bond-
ing can be degraded by contamina-
tion with water, blood, and saliva.1

CONCLUSIONS

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

1. Lower stresses of modified von 
Mises failure criterion were observed 
in tooth structures restored with met-
al posts than in teeth restored with 
FRC posts. Teeth restored with metal 
posts have a higher fracture resistance 
than those with FRC posts. 

2. Equivalent stresses in metal and 
FRC posts were several times lower 
than the tensile strength of those 
materials. Under physiological loads, 
ideally cemented posts in incisors are 
not exposed to damage, regardless 
of whether they are made of metal or 
fiber-reinforced composite resin.

3. The use of a metal core with a 
high elastic modulus results in lower 
stresses in the ceramic crown, the lut-
ing cement, and the cement-dentin 
bonding interface under the crown, 
as compared with a composite resin 
core. Ceramic crowns supported by 
metal posts and cores are potentially 
more resistant to failure and exhibit 
greater integrity than those with com-
posite resin posts and cores. 
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Marginal bone loss with mandibular two-implant overdentures using different loading 
protocols: A systematic literature review

Ma S, Payne AG.
Int J Prosthodont 2010;23:117-26.

Purpose. Mandibular two-implant overdentures opposing conventional complete maxillary dentures have been 
proposed as the standard for complete denture service. Monitoring marginal bone loss around implants is regarded 
as the most important criterion in determining the success of implants. The aim of this systematic literature review 
was to critically evaluate the literature on short- and long-term marginal bone loss associated with mandibular two-
implant overdentures using different loading protocols. 

Materials and Methods. The MEDLINE, EMBASE, and PubMed (using medical subject headings) databases were 
searched using the restriction of articles in English only. Other articles were identified from the reference lists of the 
articles found, as well as from early online articles. Reviewed studies were those on two oral implants supporting 
mandibular overdentures with different loading protocols. Marginal bone loss was evaluated as well as the validity of 
using marginal bone loss measurements for determining the success of implants. 

Results. Twenty-five studies met the review criteria. Clinical studies involving conventional loading showed long-term 
results; however, early and immediate loading protocols were only in the short term. High success or survival rates of 
two implants supporting mandibular overdentures were reported, regardless of the loading protocol. A lack of stan-
dardization was revealed in the radiographic methods used for measuring marginal bone loss and the success criteria 
on which results were based. Long-term outcomes of the effect of different loading protocols on marginal bone loss 
were not found. Due to the wide methodologic variation among the included studies, it was difficult to compare data 
between studies or to determine long-term marginal bone loss patterns with this treatment. For conventional two-
stage and one-stage loading protocols, the range of marginal bone loss seen in the first year was 0.2 to 0.7 mm and 
0.0 to 2.0 mm, respectively. For early loading protocols, the range was 0.0 to 0.2 mm; immediate loading protocols 
saw a marginal bone loss of around 0.7 mm in the first year. 

Conclusions. Short-term findings indicate that so far, there is no detrimental effect on marginal bone levels with early 
and immediate loading protocols. However, to recommend these protocols in the long-term for two implants sup-
porting mandibular overdentures may be premature. 

Reprinted with permission of Quintessence Publishing.
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