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ABSTRACT
Aims: The aim of this in vitro study was to compare the cast metal and ceramic post-core systems, which have similar laboratory and clinical
procedures according to coronal microleakage.
Materials and methods: Forty extracted maxillary anterior teeth were endodontically treated. Specimens were randomly assigned to four
experimental groups (n = 10). The groups consisted of a cemented metal post-core group (CMPC), a not cemented metal post-core group
(NMPC), a cemented ceramic post-core group (CZPC) and a not cemented ceramic post-core group (NZPC). A dual-cure resin cement
(Panavia F) was used for both of the cemented groups. All specimens were stained with basic fuchsine and embedded in epoxy resin. Sagittal
sections were obtained using a grinding machine and examined under binocular and coal microscopes. Coronal leakages were scored and
data were analyzed using Kruskall-Wallis analysis of variance test.
Results: Results were compared between and within groups. No statistically significant differences were found between groups.
Conclusion: Cement alone is not sufficient to provide a barrier against microleakage in post-core restorations. The chosen post-core type or
application methods may be more relevant to the leakage issue.
Keywords: Coronal microleakage, Cast metal post-and-cores, Ceramic post-and-core systems, Zirconia post.

INTRODUCTION
Severely damaged endodontically treated nonvital teeth need
to be restored with sound restorations. Retention and resistance
of these restorations rely on sound post-core foundations. The
core is the part, which is built above the post, replacing lost
tooth structure and transmits the occlusal loads equally to the
apex of the root.1-5 The post, in turn, provides retention,
resistance and stability to the core. The primary objective of a
post-and-core buildup is to replace the missing coronal tooth
structure to provide required retention and resistance form for
the final restoration.6,7
There are many types of post and core restorations.
Traditionally titanium, carbon, polyethylene fiber and stainless
steel posts are used for the anterior region.8 In the past, metal
cast post-cores were considered to be the ‘gold standard’ for
endodontically treated teeth.9 With ceramic fused to metal
crowns that have subgingival margins, metal post-and-cores
are never a concern since the crown restorations can mask the
underlying structure completely.10,11 Cast metal post-cores are
the best choice for semicircular, wide, conical and irregular
root canals, anatomically unfavorable crown-root ratios, and
when maximum resistance is required against rotational forces.
However, when all-ceramic restorations are preferred, metal
posts may negatively affect the esthetic results. Besides,
corrosion reactions can cause metallic taste, burning sensation,
pain and other allergic reactions.12 With regard to both esthetic
and health concerns, nonmetal posts not only render esthetic

superiority over metallic posts, but also preclude the possibility
of corrosion8 and reduce the risk of toxicity.12 Recently, a wide
range of esthetic posts have become commercially available,
e.g. fiber-reinforced composite resin posts and yttriumstabilized zirconia-based ceramic posts.13 It has been shown
that compared to glass fiber posts, zirconium posts provide
higher physical quality and increased resistance to fracture.11,14
Also, the advantages of zirconium posts are their optical
properties, esthetic superiority, biocompatibility and resistance
to corrosion.9,15,16
There are many techniques for post and core reconstruction.
Basically there are two types of posts; custom made and
prefabricated. Also, there are two ways for building up a core
as direct and indirect. With zirconium posts, many core
restoration techniques have been applied, such as; direct
composite resin curing, direct ceramic core heat pressing and
indirect ceramic core processing.17 In direct ceramic core
technique, IPS Empress Cosmo Ingot (Ivoclar, Vivadent) is
heat pressed on to zirconium posts and a one-piece restoration
which is cemented into root canal is obtained.18 For indirect
ceramic core processing, an example is Ceracap (Komet
Brassler) which is a prefabricated glass-ceramic core cemented
onto CeraPost with resin cement.19
Post-retained restorations may fail for any of the following
reasons; caries, endodontic failure, periodontal disease, root
fracture, post-dislodgment, post-and-core separation and
crown-core separation.20-22 Poor adaptation of post causes
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marginal gap which in the presence of inadequate cementation,
can lead to microleakage. This leakage causes the separation
of the post from the root and is reported to be the most frequent
cause of failure of post-cores.21-23 Penetration of oral fluids,
bacterial toxins and all kinds of ions through the interfacial
space between the restoration and the tooth leads to marginal
discolorations, secondary caries and marginal fractures.24-27
Morphology of the root canal, preparation of the post space,
type of post-and-core material, type of cement and its
application, clinical conditions, saliva contamination in the post
space, inadequate provisional restoration, thickness of residual
dentin, and position of the teeth in the dental arch are reported
to affect marginal leakage of cement post-and-core.28-30
Many studies were conducted to evaluate microleakage
between teeth and restorations with different in vitro and in vivo
methods.28,31-33 However, according to the authors’ knowledge,
there are no studies comparing coronal microleakage of
conventional cast metal post-core foundations and zirconium
posts and ceramic cores in literature.34-38
Therefore, the aim of this in vitro study was to compare
the coronal microleakage between a cast metal post-core
foundation and a prefabricated zirconium post/ceramic core
system with and without cementation. The null hypothesis is
that there would be no significant difference between the
zirconium post/ porcelain core and cast metal post-core groups
especially cemented with resin cement.
MATERIALS AND METHODS
Forty recently extracted, caries, restoration and previous
endodontic treatment-free maxillary anterior teeth were selected
and stored in saline solution at room temperature. Then they
were evaluated by transillumination method for enamel and
root cracks. The coronal aspect of each tooth was resected
perpendicular to the long axis and 1 mm incisal to the
cementoenamel junction (CEJ) with a diamond bur (Diatech;
Dental AG, Heerbrugg, Swiss) under water cooling. The
sectioned surfaces were flattened and smoothed with 2-µmgrit abrasive paper (Nikon; Tokyo, Japan) under running water.
Root canals were instrumented at a working length with a
size 40 K-file (Maillefer; Dentsply, Zürich, Switzerland) using
the step-back technique.39 After intermittent irrigation with
2.5% NaOCl and rinsing with saline solution between file sizes,
the canals were dried with paper points (Roeko; Langenau,
Germany). The canals were filled with cold lateral condensation
of gutta-percha (Dia Dent Group International Inc., Korea) and
a calcium hydroxide-based sealer (Sealapex; Kerr, Sybron).
Treated root canals were obturated with zinc phosphate cement
(Adhesor; SpofaDental, Kerr Co., Frankfurt, Germany) and
specimens were stored in saline solution at room temperature
for 1 week.
Then, the teeth were randomly grouped for cast metal postcore (MPC) (n = 20) and zirconium post-and-core (ZPC)
(n = 20). The post spaces for the cast metal post-core group
were enlarged with drills (Peeso Reamer No 3; Produits
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Dentaire SA, Vevy, Switzerland), leaving the apical 1/3
undisturbed. The post spaces for the ceramic post-core group
were prepared with the CosmoPost kit (CosmoPost; Ivoclar,
Schaan, Liechtenstein) according to the manufacturer’s
recommendations. For standardization purposes, the final
enlargement was made using 1.4 mm diameter CosmoPost drill
for all teeth in both groups.
Cylindrical acrylic rods (Duralay, Reliance Dental Mfg,
Worth, Ill), 2 cm long and 1 mm in diameter, were dipped into
molten casting wax (Kronenwachs Mittelhart; Bego, Bremen,
Germany) and inserted in a gradual manner through the canal
spaces to obtain the direct impression of the canals for groups
cemented metal post-core (CMPC) and noncemented metal
post-core (NMPC). A core (4 mm in height) was fabricated
above the acrylic rod and the remaining rod length (2 mm) was
thickened to 2.5 mm diameter with casting wax. Metal postand-cores were cast with nickel-chromium alloy (CeraPlus S;
CeraPlus President; München, Germany) (Fig. 1).
Standard zirconium dioxide posts were passively seated
into the prepared canals of the cemented zirconium dioxide
post-core (CZPC) and noncemented zirconium dioxide postcore (NZPC). Then, casting wax was modeled around the
coronal extensions of the posts to obtain cores of 4 mm high as
previously described for groups CMPC and NMPC. The wax
patterns were sprued and invested using IPS Empress 2 Speed
(Ivoclar; Schaan, Lichtenstein). Burn-out was performed
according to the manufacturer’s recommendations in the Ivoclar
EP 600 furnace. Ceramic ingots (IPS Empress 2 Cosmo Ingot
C; Ivoclar, Schaan, Lichtenstein) were pressed to form ceramic
cores around zirconium posts.
Core and tooth margin integrity of all specimens were
evaluated using a ×10 magnifying glass. Sprue extensions
(2 mm long and 2.5 mm in diameter) remaining on the top of
the cores were adjusted to fit the custom-made test device
(Fig. 1). All specimens were kept in saline solution at room
temperature to avoid dehydration.
Before cementation and adaptation procedures, core-tooth
junctions of the specimens were circumferentially covered with
a 1 mm band (Fig. 2). The surface of the tooth except this banded

Fig. 1: Custom-made adaptation device
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Fig. 2: Circumferentially covered specimens with a 1 mm band

Fig. 3: Specimens that were uncemented and cemented

area was covered with two layers of clear nail varnish. After
the nail varnish was set, bands around the teeth were removed.
Each specimen was placed in a prefabricated standard hard
bakelite plastic ring (1.5 cm high, 3 mm thick, 4 cm diameter).
(Fig. 1) Two holes (3 mm diameter) were reciprocally punched
on the ring surface in the same direction with a milling machine
(Tezsan; T165-MF, Izmit, Turkey). A guide suitable for metric
5 (m5) hex socket (Allen) screw was placed in one of the holes
to provide grooves. The 5 mm diameter end points of m5 hex
socket screws used in this study were machined to 2.5 mm
diameter under milling machine. An additional 40 springs made
of a stainless steel wire of 1 mm thick, 1 cm length and 3 mm
in diameter were prepared. The endpoints of the springs were
flattened to enlarge the contact surface. The lower part of a
screwdriver (ITI Dental Implant System; Straumann Institute,
Waldenburg, Switzerland) was modified to fit to the m5 hex
socket screw’s upper portion.
Apical 1 mm portion of all roots were fixed to the
unprepared holes of the rings with acrylic resin. Groups NMPC
and NZPC (n = 10) were used as controls (Fig. 3). The springs
of control groups were placed above the cores and thin round
pieces were put on to the springs. The screws were placed inside
the rings and they were screwed with the ITI torque device
with a force of 15 N 40, 41 for standardization. Cementation of
groups CMPC and CZPC was performed with dual cure resin
cement (Panavia F; Kuraray Dental, Osaka, Japan). The
specimens were placed on the test device and maintained with
a 15 N force as described in the control group while the cement
was cured with a conventional light source (Translux; Heraus
Kulzer, Hanau, Germany) for 20s from each side according to
the manufacturer’s instructions. Before the curing procedure,
access cement was cleaned with a small brush inside the kit
and cured with a conventional light source (Translux; Heraus
Kulzer, Hanau, Germany) for 20s from each side according to
the manufacturer’s instructions. After the curing process
OxyGuard was applied for 3 minutes to the core-tooth junction
to block the oxygen contact for the last hardening of the cement.
Access cement was scaled with a periodontal scaler.

All specimens were immersed in 0.5% aqueous basic
fuchsine for 48 hours. Following immersion, all specimens were
rinsed under running water. The rings were filled with epoxy
resin (Kimetsan Corp; Ankara, Turkey). A grinding machine
with iron oxide disks was used to grind and polish the specimens
so that sagittal sections of the posts could be obtained. The
specimens were then evaluated under binocular and coal
microscopes.
The specimens were photographed with 1:1 macro-objective
(Tamron; Tamron Optical Co. Ltd, Shangai, China) followed
by an examination under 13.4 magnification (×0.67 objective,
×20 ocular) by a binocular microscope (Leitz; Wetzlar,
Germany). Thereafter, a coal microscope (Leitz MPV2;
Wetzlar, Germany) was used under 62.5 magnifications (×5
objective, ×10 ocular and ×1.25 interval sum) and specimens
were photographed with the digital camera (Leica 350; Solms,
Germany). Following image evaluation by a single observer,
(Figs 4 to 6) the amount of dye penetration was scored at the
mesial and distal surface of the tooth according to the scale42
seen in Fig. 7. All data were statistically analyzed using
Kruskall-Wallis analysis of variance test at a significance level
of 0.05.
RESULTS
Forty post-core restorations in 4 different groups (n = 10) were
inspected under microscopes to investigate the dye penetration
amount from the coronal region of the restorations. Results of
the investigation were evaluated by grading from both sides of
the specimen. Obtained values are presented at Table 1. No
significant difference was found either between NMPC and
NZPC groups or between CMPC and CZPC groups (p > 0.05).
However, within group comparisons showed that microleakage
in NMPC and NZPC was higher than of the CMPC and CZPC
groups. Least microleakage was seen in the CZPC group. As
seen in Figure 6, the amount of the dye penetration was most
evident at the resin cement-tooth interface traversing through
the tooth. Nonetheless, these findings revealed no statistically
significant differences (p = 0.136).
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A

B
Figs 4A and B: Region of die penetration in (A) cemented and
(B) uncemented cast post-and-core specimens

Fig. 7: 1: Dye penetrated no more than halfway from post, 2: Dye
penetrated to post, 3: Dye penetrated just into the post space, 4: Dye
penetrated to one-half of post length in the post space, 5: Dye penetrated
from one-half of post length to beyond full post length

DISCUSSION

A

B
Figs 5A and B: Region of die penetration in (A) cemented and
(B) uncemented ceramic post-and-core specimens

A

B

Figs 6A and B: (A) Ceramic post-and-core in photographically and
(B) under coal microscope
Table 1: Statistical results of the microleakage measurements

Mean values (min-max)
NMPC
CMPC
NZPC
CZPC
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4.55 (4.0-5.0)
4.30 (2.5-5.0)
4.45 (3.0-5.0)
3.85 (3.0-5.0)

In the past, cast metal post-cores were the only viable and
available choice for the restoration of severely damaged teeth.3,7
Existing literature8-11 does not show the superiority of any postcore systems related to its material or technique. Thus, the aim
of the present study was to determine, if there is a difference in
coronal microleakage between cast metal post-core system and
ceramic post-core system. Coronal microleakage between teeth,
MPC and ZPC were evaluated with dye penetration method
using aqueous basic fuchsine. The null hypothesis was partly
rejected since there were no differences regarding microleakage
between post systems, however, adaptation of the post-core
system is more important than cementation.
Evaluating the relationship between the quality of coronal
restorations and coronal obturation by examining periapical
status radiographs of endodontically treated teeth, have in
literature it was reported that when good coronal restorations
and endodontic treatments were performed, less periradicular
inflammatory lesions were seen.25 When poor endodontically
treated teeth were restored with good permanent restorations,
the resultant success rate was found as 67.6%. Thus, the authors25
concluded that apical periodontal health depends significantly
more on the coronal restoration than on the technical quality
of the endodontic treatment, as supported by other literature.4,26
Since, post-core is a critical part of the coronal restoration,
studying the amount of microleakage between post-core and
tooth is crucial for the success of the final restoration.
Usumez et al34 evaluated the microleakage of different postcore systems by using fluid filtration technique. They found
that leakage values were less in resin-supported polyethylene
fibers and glass fibers than metal and zirconium posts. On the
JAYPEE
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other hand, Bachicha et al35 reported that the use of different
post types showed no difference with regards to microleakage.
However, they reported that when different cements were used
to cement the posts, a significant difference in microleakage
was seen. Fogel28 compared microleakage associated with
stainless steel posts-cemented with various cements. Evaluation
of microleakage with the fluid filtration system showed that
none of the post-cement combinations tested were capable of
consistently achieving a tight seal. It appeared that the type of
cement affects microleakage more than the type of posts used.11
In the present study, cement type was not compared, however,
the effect of adaptation in two different post-core systems was
evaluated. The results revealed unlike the other studies in
literatures achieving a tight seal are more effective than the
cementation procedure.
Because marginal adaptation is an important factor in
coronal leakage, noncemented groups of both post-core types
have been used in the present study. Although the results were
statistically nonsignificant, microscopic evaluations of two
different post-core systems showed that ceramic posts were
more adapted to the post spaces compared to cast metal ones.
However, under the microscope, basic fuchsine penetrated
coronally in all specimens for all test groups.
There are many methods to inspect microleakage. In the
dye penetration method, the particle size of the dye must be
larger than the diameter of dentinal tubules (1-4µ). 36
Furthermore, the cavity walls and the restoration material must
be distinguishable for microscopic evaluation. Methylene blue,
basic fuchsine, fluorescent dye, crystal violet, Indian ink and
eosine are the commonly used dyes in microleakage
studies.23,27,37 In the present study 0.5% aqueous basic fuchsine
dye was preferred as it has the best contrast under microscope
compared to other dyes.
A limitation of the present study was that crowns were not
prepared on core foundations, which might have been a factor
in determining the amount of leakage. Also, dynamic loading
or artificial saliva media may be needed to mimic the in vivo
conditions for coronal microleakage. Therefore, further in vivo
and in vitro research should be conducted in order to have a
better understanding in microleakage.
All-ceramic restorations are the most esthetic foundations
for the anterior region. However, when coronally extensively
damaged teeth need a treatment, zirconium dioxide post/
ceramic core foundations may be safely used clinically as their
microleakage values were comparable to that of cast metal postcore foundations.
CONCLUSION
Within the limitations of this study, the following conclusions
were drawn:
1. Microleakage was seen in all test groups (CMPC, NMPC,
CZPC and NZCP).
2. No statistically significant difference was found between
cemented (CMPC and CZPC) and noncemented (NMPC
and NZPC) groups (p > 0.05).
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