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Objective: The aim of this study was to measure the fracture resistance and failure modes
of root-ﬁlled teeth restored with three different computer-aided design/computer-aided manufacturing (CAD/CAM)-fabricated post and core assemblies.
Methods: Thirty extracted intact maxillary central incisors were used in the study, and the
teeth were endodontically treated and sectioned to a root length of 16 mm. The samples were
divided into three groups (n = 10) according to the mean of the dimensions at the cervical
portion of the root. The posts and cores were fabricated with CAD/CAM technology using
metal, zirconia, and polymer-inﬁltrated ceramic network (PICN) material. The posts were
luted using resin cement, and then, metal crowns were fabricated, cemented, and then
subjected to a compression to determine the fracture resistance force. Fracture of the post
and core or fracture of the root above the level of the acrylic resin was considered as a
favorable fracture, while nonfavorable fractures were those where the root fracture occurred
below the level of the acrylic resin. Statistical analysis was carried out using SPSS software,
and one-way analysis of variance was used to analyze root fracture resistance in Newton. The
number of failure modes, post–core fractures and/or root fractures was calculated. The
differences between study groups were revealed using the chi-square test.
Results: The results of ANOVA revealed a nonsigniﬁcant difference in the resistance to
fracture among the study groups (P = 0.114). The failure modes were nonfavorable for all
metal and zirconia samples and seven PICN samples. However, three PICN samples exhibited a favorable represented by core fracture without root fracture.
Conclusion: There was no signiﬁcant difference between metal and zirconia samples in
terms of nonfavorable fracture, while few PICN samples exhibited a favorable fracture.
PICN material can be used in the fabrication of post and core assemblies using CAD/CAM.
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For the ﬁnal restoration of endodontically treated teeth (ETT) with varying degrees
of remaining tooth structure, the teeth must be able to withstand masticatory
forces.1,2 To obtain a restoration with the most optimal results, the material used
for postfabrication should have physical properties similar to those of dentin,
should be bonded to the tooth structure, and must be biocompatible in the oral
environment.3–6 Moreover, a good clinical outcome should be achieved if post
materials are chosen that possess satisfactory modulus of elasticity, compressive
strength, thermal expansion, and esthetics similar to those of dentin.4 Accordingly,
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the type of materials that may be used to fabricate the post
and core would inﬂuence the fracture resistance of
crowned ETT.7
The post must exclusively resist occlusal forces so that
the load will not concentrate at the connection of the post
to the core, with possibility for post breakage;8,9 In some
cases, a vertical root fracture may occur when there is no
ferrule or due to the transmission of occlusal forces to
intraradicular parts of the root.10
Customized metal post–cores have been successfully
used to restore ETT due to their excellent physical properties. However, because of the high elastic modulus, there
is a high concentration of stress in the surrounding radicular dentin, leading to root fracture.11 In addition, a metal
post–core has some disadvantages such as microleakage,
corrosion, and an esthetic drawback as a result of metal
color reﬂection on all-ceramic restorations.9
A zirconia post and core fabricated by using computeraided design/computer-aided manufacturing (CAD/CAM)
technology has been used to restore anterior ETT.12
However, the high modulus of elasticity (200 MPa)13 of
zirconia posts leads to the transfer of stress to the less rigid
dentin and causes fracture of the root.14 The polymerinﬁltrated ceramic network (PICN) Vita Enamic (Vident,
Brea, CA, USA) is currently available to be milled as a
post and core using CAD/CAM technology. This material
has high ﬂexural strength, elasticity, and physical properties similar to those of natural teeth to overcome the
brittleness of ceramic that causes wearing on antagonist
natural teeth.15,16 This material combines the positive
characteristics of ceramic materials with those of composite and can be used with CAD/CAM technology.16
The advantage of using CAD/CAM technology to fabricate the post and core is that there is improved adaptation
with minimum tooth structure reduction17 and the ability
to overcome the errors of conventional fabrication methods such as impression, waxing, and casting errors.18–20
The aim of this study was to measure the fracture resistance and failure modes of endodontically treated teeth
restored with three different CAD/CAM-fabricated post
and core materials.

Materials And Methods
The study was conducted after getting the approval of the
Ethics and Research Committee of Ajman University (RD2014/15-20) and a written informed consent from the
patients. Thirty extracted intact maxillary central incisors
were collected from periodontally compromised patients,

350

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

DovePress

Dovepress

during a period of time of approximately 6 months, and
were immediately stored in normal saline inside an incubator at 100% humidity and 37°C temperature until the
time of conducting the research. The teeth included in the
study were radiographically examined and inspected under
a stereomicroscope (Leica EZ4, Wetzlar, Germany) to
ensure that they were free of restorations, caries, or visible
defects and to conﬁrm the presence of a straight, single
canal with completely formed apex, as well as to rule out
the presence of previous endodontic therapy or calciﬁcations. Any teeth with ﬂared canals, internal resorption,
defects, or cracks were excluded from the study. The
study samples were endodontically treated by using hand
ProTaper ﬁles (Dentsply, Maillefer, Ballaigues,
Switzerland) with F4 as the ﬁnal master apical ﬁle and
were obturated using the cold lateral technique. Then, each
sample was horizontally sectioned, using a precision SAW
machine (IsoMet 1000, Buehler, Lake Bluff, IL, USA),
leaving a root of 16 mm in length with a ﬂat surface area.
Each sample was then measured using a digital caliper in
the buccopalatal and mesiodistal directions at the ﬂat sectioned area (cervical area).
The experimental samples were divided into three groups
(n = 10) based on the mean root diameter (33.4 ± 3.2 mm2) at
the cervical area, and then the mean values were subjected to
statistical analysis with the analysis of variance (ANOVA)
test to ensure an even distribution of samples within the
groups. Group A was restored with metal post and core,
group B was restored with zirconia post and core, and
group C was restored with PICN post and core.
A customized round metal cap and cylinder-shaped
tube were fabricated to simplify the reproduction of an
acrylic block for each sample, and a notch was drilled on
the block to indicate the buccal side of the tooth. Molten
wax (Renfert GmbH, Hilzingen, Germany) was used to
cover the root up to 2.0 mm apical to the coronal surface,
to obtain 0.2–0.3 mm wax thickness. Then, the tooth was
embedded in self-polymerized acrylic resin to 2.0 mm
below the coronal level. Thereafter, the root was removed
from the acrylic block, and the wax was replaced with
polyvinyl silicon impression material (Honigum Light,
DMG, Hamburg, Germany), which represents the periodontal ligament.21,22
The coronal portion of gutta percha was removed with
a heated hand plugger, and the post space was prepared
using a tapered Peeso reamer with a black unimetric 1.0
kit to match the preparation of the root canal (Dentsply
Maillefer, Ballaigues, Switzerland). Accordingly, the
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length of the post space was 11 mm, and the diameter was
1 mm apically and 1.7 mm coronally. The width and
length of the post space preparation were standardized
for all groups by using the same post space preparation
protocol and AF360 milling machine (Amann Girrbach
AG, Koblach, Austria).
The post pattern was fabricated by using a prefabricated
polycarbonate post that was relined with acrylic resin until
passive retention was achieved. The core was fabricated
using the same material, and the measurements were standardized: buccal height (5 mm), cingulum height (2 mm),
buccopalatal width cervically (5.5 mm) and incisally (1 mm),
mesiodistal width cervically (5 mm) and (4.5 mm) incisally
(Figure 1).
The resulting standard post and core pattern was
scanned using a 3D Ceramill Map 300 scanner (Amann
Girrbach AG) to obtain a digital 3D model, and the data
were transformed into a standard template library (STL)
(Figure 2). The mill command was given to a CAD/CAM
Ceramill Motion 2 milling machine (Amann Girrbach AG)
to begin the milling of the zirconia (Ceramil ZI, Amann
Girrbach AG) post and core. The STL design data were
used to fabricate 10 PICN (Vident, Brea, CA, USA) post
and core assemblies using a different milling unit (Galaxy
BioMill, Biolase, USA) (Figure 1).
To fabricate 10 metal (nickel–chrome alloy) (Argeloy
N.P. Special, Argen, Hannover, Germany) post and core
assemblies, 10 pieces of standard post and core wax patterns were prepared with a CAD/CAM milling machine
and Ceramil wax blocks (Amann Girrbach AG).
The ﬁtness of the post in the canal space preparation was
conﬁrmed and the cast posts and cores were sandblasted
with aluminum oxide particles (50 μm) under 2 bar pressure
for 10 s and then were cleaned under ultrasonic vibration
with distilled water. The post space was cleaned with 1.0%
sodium hypochlorite solution, rinsed with normal saline,
and dried using paper points.23 Then, all posts were cemented with dual-cure resin cement (Panavia F 2.0, Kuraray
Company, Osaka, Japan). The cementation process was
standardized in all samples by applying a 500 g load to
each specimen for 5 mins.24 The samples then remained
undisturbed for 15 mins, prior to storage in a 100% humidity environment at 37°C for 1 week, to ensure full polymerization of the resin cement.
Before sectioning the crown from the root, an impression of each crown sample was taken using silicon impression material. This impression was used as a wax mold for
the central incisor. Another impression was obtained for
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Figure 1 Standardized cast post and core teeth. From the left; CAD/CAM milled
wax post and core, cast metal post and core, CAD/CAM milled Zirconia post and
core, and CAD/CAM milled PICN post and core.

each core sample, and after the cementation of the post
and core, type IV extremely hard stone Marmorock® 20
(Siladent, Goslar, Germany) was poured into the impression. Molten wax (Renfert, Germany) was placed inside the
mold of the crown, and the die stone of the core was inserted
into the molten wax. After the wax cooled, the core and wax
separated from the crown mold, and the cervical margins of
the wax were adjusted. To create a standard loading point on
the crown, a notch (0.5 mm deep × 2 mm long, and 3 mm
under the incisal edge) was carved into the palatal surface of
the wax buildup. Then, the wax pattern crown was cast with
the Co–Cr alloy Argeloy N.P. Special (ARGEN, Hannover,
Germany). The same protocol for post and core cementation
was followed for crown cementation.
Each specimen (post and core covered with crown) was
mounted with a metal cylindrical mold on a steel custommade block with an inclination of 45°. Then, the specimen
was subjected to fracture resistance test using a universal
testing machine (Testometric, UK). The force was loaded
with a custom chisel head (size 1.2 mm) at a crosshead
speed of 1 mm/min. The force was applied at an angle of
135° to the long axis of the crown on the palatal side
(Figure 3). The point of fracture was deﬁned by an abrupt
drop in the strain–stress diagram, and the fracture was
recorded as the point at which the loading force reached
a maximum value.7 The test was continued until there was
split or fracture of the root, which was examined under a
stereomicroscope (Pyser-SGI Limited, Edenbridge, UK) to
determine the failure mode. The failure was considered
favorable and potentially repairable when it was represented by a fracture of the post only or root fracture

submit your manuscript | www.dovepress.com

DovePress

Powered by TCPDF (www.tcpdf.org)

351

Dovepress

Clinical, Cosmetic and Investigational Dentistry downloaded from https://www.dovepress.com/ by 3.235.101.50 on 29-Sep-2020
For personal use only.

Alkhatri et al

Figure 2 Image of scanned three-dimensional post and core tooth using CAD/
CAM Ceramill Mind software. Image courtesy of Amann Girrbach GMBH,
Pforzheim, Germany.

above the level of the acrylic resin. On the other hand, a
nonfavorable fracture was a root fracture below the level
of the acrylic resin, including a vertical fracture.25–27

Statistical Analysis
Statistical analysis was carried out using SPSS software
(IBM SPSS statistics version 22, Chicago, IL, USA). Oneway analysis of variance (ANOVA) was used to analyze
the differences in fracture resistance force (in Newtons)
between post and core samples fabricated of metal, zirconia, and PICN. The Chi-square test was used to calculate
failure modes and the number of samples with favorable or
nonfavorable fractures.

Results
The ANOVA results revealed no signiﬁcant difference in
fracture resistance force among metal, zirconia, and PICN
post and core samples (P = 0.114). The mean and SD of the
fracture resistance of the metal, zirconia, and PICN post and
core samples were (324.05 N ± 71.47), (328.06 N ± 54.37),
and (271.06 N ± 69.57), respectively.
According to the Chi-square test, there were no signiﬁcant differences in favorable or non-favorable fractures
between study groups. All samples in the metal and zirconia groups exhibited a nonfavorable fracture (Figures 4
and 5), whereas in the PICN group, there were seven
samples with a nonfavorable fracture, and three samples
showed a favorable fracture represented by a core fracture
only (Figure 6). Furthermore, there was a highly signiﬁcant difference in the post–core fractures between the
study groups. Metal post–cores showed no fracture,
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Figure 3 The image shows custom-made assemblies, starting from the superior
part; the chisel head is pointed at 135° on the palatal surface of the tested tooth.

while all PICN and zirconia post–cores demonstrated
post–core fractures. Moreover, two samples exhibited
longitudinal root fracture, one in the metal group and
another in the zirconia group.

Discussion
This study examined the use of different post and core materials to restore endodontically treated maxillary anterior teeth;
the maxillary central incisor was used because it is an acceptable model for these types of in vitro studies.28 Although the
use of artiﬁcial teeth may produce a large variation in the
results of the study, the variations in the root canal morphology of tooth samples may also cause variations in the results.
Accordingly, the mean of the cervical area diameter was
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Figure 4 Stereomicroscopic images show a nonfavorable fracture in the metal
group; notice the bending of the metal post.

Figure 5 Stereomicroscopic images show a nonfavorable root fracture and post–
core fracture in the zirconia group.

Figure 6 Stereomicroscopic images show a favorable root fracture and post–core
fracture in the PICN group.

calculated using the ellipse area equation (area = π r1r2) to
ensure even distribution of samples in the study groups, where
r1 = semi-major axis or ½ of the major axis (buccopalatal
width), r2 = semi-minor axis or ½ the minor axis (mesiodistal
width), and π = 3.14159. Nevertheless, the mechanical test
results may still be affected by differences in biochemical
composition and canal morphology.29,30
The angle between the tooth sample and the testing
machine was 135° to mimic a normal clinical situation
consisting of the angle formed between the long axis of the
mandibular central incisor and maxillary central incisor.31
The ﬁndings of this study revealed that the force of resistance to fracture was nonsigniﬁcant between study groups
(metal, zirconia, and PINC), which indicates that PICN
could be a suitable option for restoration of incisors requiring a custom post–core. Although PICN was the material
with the least fracture resistance, it remains the material of
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choice because it has a fracture resistance force higher
than the reported maximal occluding force (146 ± 44 N)
exerted by a maxillary incisor.32
The similarity in fracture resistance force between
metal samples with a mean load value of 324.05 N and
zirconia samples of 328.06 N may be due to the fact
that zirconia possesses chemical stability, elastic modulus, good mechanical strength, and toughness.33 This
is in agreement with the ﬁndings of Abduljabbar et al,
who showed that CAD/CAM zirconia posts had the
highest modulus of elasticity among different tested
posts.34
All samples in the metal and zirconia groups exhibited nonfavorable fractures, which could be related to a
mismatch in the modulus of elasticity between the root
dentin and post material. Another explanation is that
there was a difference in the stress distribution of the
load on the restoration system, which contained different
rigidity components. The component with high rigidity is
able to resist forces without distortion, and the stress
transfer to the component with less rigidity causes
fracture.9 The distribution of the occlusal forces along
the root length is affected by the rigidity of the post,
which should be close or equal to the rigidity of the root
itself.35
The similarity in the mode of failure between the metal
and zirconia groups has been proved in a study by
Abduljabbar et al,34 who stated that “The failure modes
between milled zirconia posts and cast metal posts were
similar and classiﬁed as a non-restorable fracture.”
In the present study, the posts and cores in the metal
group exhibited no fracture due to the superior bending
characteristic and high elastic modulus of the metal in
comparison to that of the tooth structure, while the samples in the zirconia group exhibited a combined post-root
fracture. This is supported by the study by Soundar et al,36
who noted that all samples with cast metal post–cores
exhibited tooth fracture, while all-ceramic post–core samples revealed fracture of the post.
For the PICN group, seven samples exhibited a nonfavorable fracture, and three samples showed a favorable
fracture represented by postfracture only. The presence of
both modes of failure in the PICN group is related to the
differences in the elastic modulus between PICN and the
root dentin of the study samples. When the elastic modulus
of PICN (30 GPa) is close to that of dentin with a range of
10–30 GPa,5 this will lead to the creation of a mechanically
homogenous unit,37 and favorable fracture will occur. This
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ﬁnding is in agreement with studies by Bitter and Kielbassa,
and Cagidiaco et al,38,39 who found that materials with a
low elastic modulus will bend early under load, leading to
failure before root fracture occurs. This may be considered
as a protective mechanism for the tooth structure.
It was observed that one sample in each group (metal
and zirconia) exhibited a buccal vertical (longitudinal)
crack along the root. This is explained by the force applied
to the palatal aspect of the teeth restored with cast post and
core, with the stresses then becoming concentrated on the
coronal labial third and apical palatal aspects of the root.40
This observation was in agreement with the research ﬁndings of Abduljabbar et al34 who found that there were
multiple cracks in the root body that could be restored
with a zirconia post in comparison to those restored with
ﬁber posts.

Conclusions
There was no signiﬁcant difference in the fracture resistance force between metal, zirconia, and PINC post and
core samples. PICN could be an alternative to metal and
zirconia that can be used in the fabrication of a CAD/CAM
post and core. There was no signiﬁcant difference between
metal and zirconia samples in terms of nonfavorable fracture, while a few of the PICN samples exhibited a favorable fracture represented by core fracture only without root
fracture.

Disclosure
The authors report no conﬂicts of interest in this study.
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