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Abstract

This study is to test if the bond strength between fiber post and dentin is inversely relative to the thickness of
adhesive cement, basing on a kind of CAD/CAM fabricated one-piece fiber post-and-core (OPFPC), which was
designed for individual-based endodontical treatment.

Twenty-seven noncarious single-canal extracted human teeth were endodontically treated, with the crown being
removed perpendicular to the tooth long axis. OPFPC specimens with different designs in the diameter of the post
were fabricated with the aid of CAD/CAM and fitted into corresponding root canals, accordingly, cement thicknesses
between the post and the dentin were set as ~300, ~150 and ~10 µm, respectively. Samples were prepared by
sectioning the OPFPC-fitted tooth perpendicularly to tooth long axis, and subsequently submitted to micro push-out
test. By using Finite Element Analysis (FEA), the Contact Press Stress (CPS) and Maximum Principal Stress (MPS)
in the OPFPC-fitted tooth with different cement thicknesses were calculated.

The micro push-out test proved that the bond strength between fiber post and dentin increased apparently as the
cement thickness decreasing. A common failure mode found in the test was the damage occurring at the Adhesive-
Dentin (AD) interface, but the Adhesive-Post (AP) interfacial failure mode was likely to be observed when the
cement was relatively thick. FEA modelling indicated that interfacial stress deriving from CPS on both AD and AP
interfaces increased along with thicker adhesive layer, and the MPS distribution area was reduced on both the
interfaces when the cement thickness was increased. All the data suggested that better bond condition was
confirmed at the thinner adhesive layer between the fiber post and the dentin. CAD/CAM fabricated OPFPC, which
could fit the root canal perfect, thus demonstrated advantages over the conventional fiber post for clinical
endodontical therapy.

Keywords CAD/CAM; One-piece fiber post-and-core; Cement
thickness; Bond strength; Finite element analysis

Introduction
In the cases of extensively damaged teeth, the traditional restoration

requires a post to be placed into the root canal, which is able to provide
support for the coronal part. Fiber posts, displaying the advantage of
having elasticity modulus similar to that of dentin, have been widely
used in endodontic treatment to reduce the risk of tooth fracture [1]. If
the diameter of the prefabricated fiber post differs much from that of
root canal, however, a close fit cannot be achieved between the post
and the dentin, and thus a thick layer of cement will be created
between them [2].

In post-restored teeth, the main failure mode is loss of retention
[3,4]. The cement section has been identified as a zone of highly
concentrated load and stress, which is suggested to be the main reason
responsible for the post debonding and dislodgement. Shrinkage stress

generated from the polymerization of resin cement can cause gaps
between the post and the dentin [5]. Increase in cement thickness
might further enhance the post debonding, because the shrinkage
extent is strongly relating to the volume of the restoration [6].
Grandini et al. proposed that polymerization stress developed in a
relatively thin film of cement was minimal according to their
observations on defects within resin cements of different thickness [7].
But some researchers believed that a thicker cement section could
provide a relatively flexible, stress-absorbing layer between the
composite restoration and the dentin substrate, which led to lower
interfacial stress [8-10]. Centering on this controversial issue,
numerous studies on correlating the thickness of adhesive layer with
the bond strength between the post and the dentin have been reported
[6-10].

To achieve long-term success in endodontic treatment with fiber
post, therefore, the primary necessary is to establish a quantitative
understanding on how cement thickness will influence the adhesive
property of fiber post. To this end, herein, a kind of One-Piece Fiber
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Post-And-Core (OPFPC) was applied to perform the experiment.
Different from conventional fiber posts, in this study, the OPFPCs were
fabricated by CAD/CAM technology basing on extracted teeth and
able to fit the corresponding root canal perfect. In other words, the
OPFPCs were fabricated individually to resemble both the canal shape
and size of each tooth, displaying excellent adaptation to the root canal
without the need of standardizing root canal preparation [11]. With
such an advantage feature, it was ideal to use the OPFPC for the
present study because the adjustments in cement thickness were easier,
more feasible and reliable than those conventional fiber posts.

The present study was carried out by using both micro push-out test
and Finite Element Analysis (FEA). Micro push-out is very efficient in
determining the bond strength between fiber post and root canal wall
by testing fiber post-loaded tooth slices [12,13]. FEA is usually applied
to illustrate and predict mechanical behaviors by calculating the
Maximum Principle Stress (MPS), which is quite helpful in
understanding practical experimental data [14-16]. In addition, a new
FEA contact analysis technology was employed in this study to
estimate the Contact Press Stress (CPS) at interfaces, since debonding
always takes place at the adhesive interface [2,14,17]. The calculation
on CPS was theoretically able to illustrate the acting direction of the
stress [5]. Finally, the experimental data and the calculations were
correlated. The null hypothesis of this study was that the change in
cement thickness had no significant effect on bond strength between
the OPFPC and the dentin.

Materials and Methods

Tooth preparation
Twenty-seven noncarious human teeth with single straight root

were extracted from patients for periodontal and/or prosthetic reasons
from Peking University School and Hospital of Stomatology (China).
Soft tissue remnants on root surfaces were removed manually,
subsequently, the teeth were stored in cold distilled water (4oC) for 2
weeks. After that, crowns were removed from teeth perpendicularly to
the tooth long axis at the place 2-mm above the cemento-enamel
junction with a high-speed diamond rotary cutting instrument (Dia-
Burs, TR-13EF; Mani, Inc) under water cooling. Then the teeth were
mechanically cleaned with endodontic files to remove the dental pulp.
The root canals were scoured with 2.5% sodium hypochlorite and
dried with paper point. All the prepared root canals were then sealed
with gutta-percha and AH-Plus (Densply, Germany), followed by
being immersed in distilled water at 37oC for 7 days. Next, four types
of drills (Peeso Reamers; Mani, Inc, Utsunomiya, Japan) with different
diameters were used to remove the gutta-percha from the root canals,
and to expand the inner spaces of root canals for the fiber post and
adhesive filling in the next step. Noticeably, in this study, at least 2 mm
of intact gutta-percha was left in the canal to preserve the apical seal.
The prepared root canals were then flushed with distilled water to
remove any possible debris generated during the drilling, and ready for
use.

Fabrication of One-Piece Fiber Post-and-Core (OPFPC)
Referring to our previous work [11], as illustrated in Figure 1, CAD

reverse design technology was used to prepare the customized OPFPC.
Briefly, wax patterns (Casting Wax Bar; Shanghai Medical Instruments
Co, Ltd, China) resembling the root canals were made for all the
prepared teeth, and scanned with a 3D scanner (Activity 102,
Smartoptics, Germany). The obtained 3D digital models were disposed
by using CAD software (Pro/ENGINEER, USA) one by one, and a

series of cross-sectioned curves were made on each of the digital model
by using the remodeling module of Pro/ENGINEER. To control the
cement thickness, the middle part of the cross-sectioned curves was
offset with some specific values. Then, these offset curves were
connected with those non-offset curves, and lofting surfaces were
generated. Two offsetting surfaces were made with offsetting values of
300 µm and 150 µm, and termed as G300 and G150 groups,
respectively. The group with no offsetting was termed as G0 group.

Figure 1: The process of CAD/CAM fabricated one piece fiber post
and core with offsetting surface: (a) 3D digital model of wax
pattern; (b) 3D CAD model generation: cross-section curves; (c) 3D
CAD model generation: lofting surface; (d) wax pattern and
prepared root; (e) OPFPC and glass fiber reinforced resin block; (f)
fiber post with offsetting surface prepared; (g-i) stereomicroscope
photos of G300 (g), G150 (h) and G0 group (i), respectively.

Accordingly, the aforementioned 27 teeth were divided into three
groups, i.e., in relating to the OPFRCs used for G0, G150 or G300
group. OPFPCs were then processed basing on those 3D digital models
and fitted into corresponding root canals with controllable cement
thickness. Those glass fiber reinforced epoxy composite blocks were
obtained from Oya Ruikang New Material Science and Technology
Co., Ltd. (Beijing, China), and machined into pre-designed OPFRCs
using the 5-axis Computer Numerical Control (CNC) machine tools
(CAM 4-02 Impression, VHF, Germany) by importing model files in
*.stl format from the CAD software.

Set-up of micro push-out test
The set-up of experimental device for micro push-out test is shown

in Figure 2, together with the diagram of preparing specimens for the
test.

In preparing the specimens for the push-out test, the teeth with root
canal prepared were flushed with 17% EDTA and 2.5% sodium
hypochlorite sequentially, and dried with paper points. Then a pre-
designed and CAD/CAM fabricated OPFPC was cemented into the
root canal by using ParaCore dual-curing resin cement (Switzerland)
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according to the manufacturer’s instructions. After the cement was
polymerized for 40 s by being irradiated from the occlusal direction
with a LED curing light (300 mW/mm2, Coltolux, Switzerland), the
entity was preserved in distilled water at 37oC for 7 days. Four to six
slices in the thickness of ~ 1 mm, being perpendicular to the long axis
of the tooth, were able to be sectioned from one tooth by using a
precision microtome (Isomet 1000, Buehler; Lake Bluff, IL, USA)
under water cooling. The obtained slices were observed using a
stereomicroscope and their typical morphology were shown in Figure
1.

Figure 2: The micro push-out diagram: (a) specimen preparation,
(b) diagram of micro push-out test and (c) the photo of the
experimental device.

Clearly, the cement thickness of the sample in different groups was
different as expected. To avoid large deviations in micro push-out test,
those specimens showing bubbles or residual gutta-percha in cement
layer were not included in the test. The actual thickness of each slice
was measured using a digital caliper with an accuracy of 0.01 mm. The
thickness of the cement and the diameter of the post in each slice were
measured using a custom-adapted stereomicroscope (Olympus SZX16,
Japan). Because the cross-sections of all the slices displayed an
elliptical shape, the cement thicknesses were calculated by averaging
the measurements from two perpendicular directions.

Subsequently, the slices were submitted to the push-out test by using
a Universal Material Machine (Instron 1121; Norwood, MA, USA). As
illustrated in Figure 2, the specimens were put on a metal jig having a
central hole, and pushed at a rate of 0.5 mm/min. The slices were
placed with their coronal sides downwards, thus, the pushing was
ensured from the direction of root apical to coronal. By doing so, it was
able to avoid any limitation on the post movement, which might be
caused by the root canal taper [13].

Three metal jigs with different dimensions in the central hole (1.5,
2.0 and 3.0 mm in diameter) were applied to ensure a proper support
for every root slice, i.e., the central hole should be a little larger than
the cement circle to avoid possible interfere in performing the push.
For similar considerations, accordingly, push-out rods with proper
diameters (0.8, 1.0, 1.2, 1.6 and 2.0 mm) were selected and positioned
to only touch the post place without causing any stress on the
surrounding cement and the root canal wall. The maximum force was
recorded in Newton (N) at the point of failure occurring, and the bond
strength was calculated in MPa via dividing the applied load by the
bonded area.

Because of the elliptic canal shape, the bonded area was calculated
according to following equations. The elliptic perimeter (l1) of the
section including the post and the cement on the apical face was
calculated by Equation (1):

�2 = 4�∫0�2 1− �2sin2� �� ---------------------(1)

where e is the eccentricity ratio of the ellipse, which equals to1− �� 2
, in which, a and b are the long axis and the short axis of

the elliptic section including the post and the cement, respectively. The
corresponding elliptic perimeter (l2) of the coronal side was calculated
similarly. Then, the bonded area (A) of the cement could be calculated
by Equation (2): A = �1+ �2 × ℎ ÷ 2 ---------------------(2)

where h is the thickness of the sliced section.

Finite Element Analysis (FEA)
In relating to practically measured cement thicknesses, three

dimensional solid models with different designs in the cement
thickness were generated by Pro/ENGINEER. The mechanical
modeling was performed by importing the solid model into ANSYS
Workbench v15 FEA software (Ansys Inc., Houston, USA) (Figure 3).

Figure 3: Geometry and mesh representations for the FEA models
of dentin: (a) definitions of a1, b1, A1, B1 and D1 are shown on one
side of the slice specimen. There are similar definitions of a2, b2,
A2, B2 and D2 on the other side of the slice specimen, since the
specimen is slightly tilting along height direction. The cement
thickness is calculated by averaging all these values in G300, G150
or G0 groups. (b) The mesh size for cement and post is 20 and 100
µm, respectively; using default size for root part.

Due to the geometric symmetry of the specimens, only half-profile
models were created in order to limit the number of elements in the
following calculation. In these models, the nodes in the centric plane
were only allowed for frictionless sliding. Then the solid model was
meshed with 3D 20-node hexahedral element, with three degrees of
freedom at each node. Bonding contact was set on two interfaces, i.e.
the Adhesive-to-Post (AP) and Adhesive-to-Dentin (AD), by being
meshed with 3D 8-node surf-to-surf contact element. It was reported
that stress would increase infinitely at the free edge area of adhesive
joint in finite element calculations if mesh refinement was increased,
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which was called the size-dependent stress singularity [18,19]. To avoid
this problem in our study, uniform sizes were applied to mesh all the
models of cement layer, post and the root at places adjacent to the
adhesive (Figure 3).

The mechanical properties of all the relating materials that were
required for FEA calculation are listed in Table 1. The mechanical data
of fiber post, dentin and ParaCore resin cement were assigned
according to literature data [20]. The volume shrinkage ratio of
ParaCore was measured by using a video-imaging device (AcuVol,
Bisco, Schaum-burg, IL, USA). To assess the influence of shrinkage
stress on bond strength, a linear shrinkage was simulated on cement
layer via setting a thermal shrinkage ratio on its material mode with
temperature boundary conditions to produce a thermal shrinkage. The
linear shrinkage ratio is one third of the volume shrinkage ratio, and
was applied perpendicularly to the axis of root canal in FEA
calculation. The displacement in the vertical direction of dental bottom
nodes was restricted. The dentin thickness was set as 5 mm since it was
reported wall thickness having insignificant effect on shrinkage stress
[21].

Materials Elastic
modulus (MPa) Poisson’s ratio Volume

shrinkage ratio

Fiber post

X axis 9500 0.27  -

Y axis 9500 0.27  -

Z axis 37000 0.34  -

Cement 17000 0.23 0.0509

Dentin 18600 0.31  -

Table 1: Material properties used in the FEA models.

To evaluate the magnitude of the shrinkage stress in different
groups, CPSs on both AD and AP interfaces were calculated because
CPS could reflect the stress state perpendicularly to these interfaces.
Meanwhile, MPSs on both AD and AP interfaces were also calculated
and used to analyze the fracture mode in groups with different cement
thickness.

Statistical analysis
All the calculations on bonded areas and relating statistical analysis

were performed using MATLAB software (The MathWorks, Inc.,
Massachusetts, Natick, USA). Both one-way ANOVA and linear
regression analysis were applied to access the influence of cement
thickness on bond strength, and the correlation was tested using Tukey
test (p < 0.05) and F-check method (p < 0.05), respectively.

Results

Micro push-out test
The cement thickness in each of the prepared slices was measured

precisely before they were submitted to the micro push-out test.
Although the deviation of the 3D digital model of each OPFRC were
set as 300, 150 or 0 µm, the actual cement thickness measured from
different slices demonstrated fluctuations. As shown in Table 2, the
average cement thickness in the G300 group was 306.0 ± 67.7 µm, and
the average value in the G150 group was 144.9 ± 24.9 µm. As for the
G0 group, the cement thickness was found 65.5 ± 23.0 µm, which was
practically required for the fixation of OPFRC into the root canal.

Group

Mean of
Cement
Thickness
(µm)

Fracture
Strength
(MPa)

Fracture Mode Specimen
Number

AP AD Mixed

G300 306.0 (67.7) 5.66 (3.30) 7 20 1 28

G150 144.9 (24.9) 8.62 (3.60) 1 17 14 32

G0 65.5 (23.0) 9.56 (3.70) 2 20 7 29

Table 2: Cement thickness, fracture strength, fracture mode and total
specimen number for each group for micro push-out test.

In each group, about 30 specimens were conducted the push-out
test. The obtained fracture strengths are presented in Table 2, and were
analyzed using one-way ANOVA. The fracture strength displayed a
clear increasing trend along with the cement thickness becoming
thinner. The bond strength obtained in the G300 group demonstrated
significant difference from the other two groups (p < 0.05), while no
significant difference was found between the G150 group and the G0
group.

Failure modes for all the pushed out slices were evaluated, classified
and counted. Three kinds of fracture mode were detected, i.e., fracture
occurring only at the AP interface (AP mode), only at the AD interface
(AD mode), or at both the AP and AD interfaces simultaneously
together with cement cracking (Mixed mode). It was found that the
AD mode was the dominant failure mode in all the three groups. In the
case of G300 group, however, the AP mode was more liable to occur in
comparison with the other two groups. Besides, the mixed mode was
found in a higher probability in the G150 group than in the G0 group.
These data suggested that fracture likely took place at the AP interface
when the cement thickness was increased.

To correlate the cement thickness with the fracture strength, linear
regression analysis was calculated and the results are presented in
Figure 4. Those data from the AP fracture mode were not included in
the linear regression analysis because the stress state at the AP
interface was different from that at AD the interface. As shown in
Figure 4, a negative slope was identified, which displayed bond
strengths being negatively correlating to cement thicknesses. The
analysis suggested that an increase in bond strength could be expected
by reducing the cement thickness.

Finite Element Analysis (FEA)
Both the CPS values and distributions were calculated by using FEA

in relating to AD and AP interfaces for the three groups of G300, G150
and G0. The calculation results are illustrated in Figure 5. From the
figure, negative CPS values were obtained on all the AD interfaces,
while positive CPS values were identified on all the AP interfaces.
Those negative values indicated that it was the tensile stress acting at
the AD interface, while those positive values revealed the presence of
compressive stress at the AP interface owing to the polymerization
shrinkage of the cement. Nevertheless, whether being negative or
positive, the absolute values of these CPS decreased gradually along
with thinner cement thickness. Within the same group, the tensile
stress on the AD interface was found significantly higher than the
compressive stress value on the corresponding AP interface.
Theoretically, higher tensile stress on the interface would result in
higher probability in causing failure during the micro push-out test.
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Figure 4: Linear regression to correlate fracture strength with
cement thickness. The chart represents regression, 95% confidence
intervals and linear equations. R2=0.2118.

Figure 5: FEA calculated CPS status at both the AD (left column)
and the AP (right column) interfaces for groups of G300 (a, b),
G150 (c, d) and G0 (e, f).

MPS values on both the AD and the AP interfaces were also
evaluated by using FEA, and the results are displayed in Figure 6.
When the cement thickness was reduced, as shown in the figure,
increases in the MPS values on the AD interface were identified in the
order of G0 > G150 > G300, while decreases in the MPS values were
identified on the AP interface in the order of G0 < G150 < G300.
Within the same group, the maximum MPS value was found
significantly higher on the AP interface than that on the corresponding
AD interface. However, the difference between the two maximum MPS
values became smaller when the cement thickness turned thinner.
Besides, the area of the MPS distribution on both the AD and the AP
interfaces were observed expanding gradually when the cement
thickness was thinner.

Figure 6: FEA calculated MPS at both the AD (left column) and the
AP (right column) interfaces for groups of G300 (a, b), G150 (c, d)
and G0 (e, f).

Discussion
In endodontic treatment, polymeric adhesive cement was normally

applied in fixing fiber posts into root canal. Although the CAD/CAM
produced OPFPC could fit the shape of root canal much more perfect
than conventional fiber posts, there were still uncertainties in
controlling the thickness of the cement. From clinical trials, many
dentists believed that the adhesive layer should be as thin as possible to
achieve a strong bonding between the dentin and the post. A main
concern about the thick adhesive layer was worrying about its high
polymerization shrinkage, which might cause high compressive stress
on the fiber post and cause adverse effect on bond strength [22,23]. But
some researchers stated that a thick cement layer was able to provide a
relatively flexible, stress-absorbing layer between the restoration
material and the dentin, thus, resulting in a low interfacial stress [8,24].
In viewing of these uncertainties, herein, different cement thicknesses
were designed and practiced by using a kind of individually-fabricated
OPFRC with the aid of CAD/CAM for the purpose to correlate the
bond strength with the cement thickness. At the same time, the
guidance for machining OPFRC in clinical treatment was able to be
obtained from this study.

Many researches had found that bond strength between the post
and the dentin would decrease along with the depth of root canal
increasing, because it was harder for the curing light to reach a deeper
part of the root canal [1,25-29]. To avoid this variation, in this study,
only those slices from the middle part of the root canal were used for
the micro push-out test. Besides, the volume of restoration was also
reported able to influence the stress generated by the polymerization
shrinkage of the cement [6]. To ensure each extracted root specimen
having similar volume of restoration, in this study, the different cement
thickness was achieved by reducing the diameter of the post instead of
expanding the root canal. As shown in Figure 1, this strategy was
readily put to work by modifying the CAD model of OPFPC before
CAM machining. All the slices were checked carefully under
stereomicroscope to pick out specimens without visible bubbles in the
cement layer for the push-out test, because the entrapped bubbles were
likely to act as initial cracks to cause poor adhesion [30]. With
eliminating these interferences, the decrease in the bond strength in

Citation: Su J, Cai Q, Huang Z, Zhang H, Deng X, et al. (2016) Influence of Cement Thickness on Adhesive Properties of CAD/CAM Fabricated
One-piece Fiber Post-and-core: Micro Push-out and Finite Element Analysis Study. Dentistry 6: 382. doi:10.4172/2161-1122.1000382

Page 5 of 7

Dentistry
ISSN:2161-1122 Dentistry, an open access journal

Volume 6 • Issue 6 • 1000382



the case of thicker cement layer, as shown in Table 2 and Figure 4, was
suggested closely relating to its higher polymerization shrinkage stress.
Polymerization shrinkage is the inherent feature of polymeric
adhesives, and thicker cement layer would generate higher
polymerization shrinkage stress [4,16].

In Figure 5, FEA calculations on the CPS status at both the AD and
the AP interfaces were provided to support the push-out results. To do
the calculation, the cement thickness values used in the models were
those practically measured data from Table 2. And in order to avoid
the phenomenon of stress concentration at edges of bond interfaces, in
the calculation, liner shrinkage ratio was applied instead of volume
shrinkage ratio, which was referring to a similar setting reported by a
previous publication [16]. From Figure 5, the absolute CPS values at
both the AD and the AP interfaces were calculated increasing
gradually along with thicker cement layer. It indicated that fracture
would be more likely to occur in a thicker cement layer. This finding
on our CAD/CAM fabricated OPFPC was consistent with other
reports on relationship of bond strength and cement thickness by using
micro push-out test or micro tensile test [15,16,22,23,27].

Noticeably, the CPS at the AD interface was calculated negative,
while the CPS at the AP interface was calculated positive (Figure 5).
The sign of positive or negative was correlating to the direction of
polymerization shrinkage stress. As the cement layer polymerized with
shrinkage, apparently, compressive stress would be loaded on the post
surface at the AP interface, while tensile stress would be acted on the
dentin surface at the AD interface. Thus, it was easy to infer that
debonding would more likely to take place at the AD interface than at
the AP interface during the push-out test. As shown in Table 2, the AD
fracture mode was indeed the main failure mode in all the groups.

When the cement thickness was increased, however, the ratio of the
AP fracture mode was found slightly increasing. On one hand, this
might be caused by the possible plastic flow during the curing of
cement [24,31]. It was supposed that the gelation of cement occurred
from the outside to the inside when it was exposed to curing light.
Thus, the plastic flow of the uncured inner cement might relieve some
of the tensile stress at the AD interface. Normally, the plastic flow
procedure was insignificant when a deep cavity with high
configuration factor (C-factor, the ratio of bonded area to unbounded
area) was applied [16,31,32]. On the other hand, therefore, the curing
degree of cement layer might responsible for the increasing AP fracture
ratio when the cement was thicker. In this study, the curing light
irradiated the cement layer, which might cause inefficient curing at the
AP interface when the cement layer was thicker. Accordingly, all the
results in relating to the AP failure mode were not included in the
linear regression analysis to avoid misleading inference (Figure 4). The
analysis displayed the negative dependence of bond strength to cement
thickness clearly.

Finally, MPS status was also computed to analysis those failure
modes listed in Table 2. As shown in Figure 6, the distribution of
peaked MPS became wider as the cement layer was thinner. This
simulation revealed that larger area in the thinner cement layer might
suffer high internal stress, which would like to trigger a kind of
cohesive fracture inside the cement. If there were some initial cracks
distributing inside the cement layer, the cohesive fracture should cause
the split of the cement and the Mixed fracture mode was detected in
the micro push-out test. However, the data in Table 2 did not show that
G0 group had a higher probability in causing the cohesive fracture
than the other two groups. This result suggested that few defect such as
cracks and bubbles would be generated during cement filling and
curing if the cement layer was thin, which reduced the occurring

probability of cohesive fracture. Accordingly, high bond strength was
determined in the group of thin cement layer.

Conclusion
Using a kind of CAD/CAM produced OPFPC; the thickness of the

cement layer was readily adjusted without sacrificing the restoration
volume. Thinner cement layer would generate less tensile stress at the
AD interface due to its lower polymerization shrinkage stress. And
thin cement layer would have few defects to cause cohesive fracture.
Therefore, thinner cement layer would lead to higher bond strength
between the post and the dentin. In comparison with conventional
fiber posts, promisingly, the CAD/CAM produced OPFPC illustrated
excellent adaptation to root canal, and was able to achieve strong
bonding properties in the canal to prevent dislodgement by
minimizing the cement thickness. These features made OPFPCs
especially suitable in restoring the flared roots or defected teeth with
incomplete ferrule, which were hard to achieve satisfactory
restorations by using conventional pre-fabricated fiber posts.
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