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Abstract Background: The current research aimed to assess the outcome of dissimilar cement types on the
strength of zirconium crowns fabricated by a computer-aided design and manufacturing (CAD/CAM) system at
varying occlusal cement gap widths for primary molars. Methods: A total of 40 extracted mandibular deciduous 2.
molars were prepared and randomly allocated into two main sets and two subgroups, totaling 4 groups according to
the cement type and occlusal gap width. After preparation, the deciduous molars were implanted in methyl
methacrylate blocks. The restorations were made-up from zirconium (InCoris TZI C, Sirona Dental Systems, GmbH,
Bensheim, Germany) using CAD/CAM system, with occlusal cement gap widths of 100 um and 200 pum, and were
then glass ionomer cement and adhesive resin cements were used to cement the crowns. Fracture strength was
measured for all samples at a crossheading speed of 10 mm/min, and the values were verified in Newtons (N).
statistical analysis of results were done through the Shapiro-Wilk normality test and independent t-tests. A
significance level of p < 0.05 was used for all analyses. Results: Cement type and cement gap width had statistically
insignificant effect on the zirconium fracture strength of (p > 0.05). The greatest fracture resistance was detected in
the 100 pum cement gap and adhesive resin cement group (3847+984,74 N). Conclusions: Zirconia crowns
fabricated using CAD/CAM technology demonstrated high fracture strength when placed on primary teeth. Different
cement types and gap widths may be considered clinically acceptable alternatives in pediatric applications.
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1. Introduction

Teeth decay is a common chronic disease worldwide,
resulting from the interaction of bacteria and
carbohydrates, and it can particularly affect primary teeth
during early childhood [1]. Due to structural differences,
deciduous teeth may be more susceptible to decay more
than permanent teeth due to structural differences.
However, they should be retained in the mouth until their
natural exfoliation to preserve space for the erupting
permanent teeth and to maintain essential functions such
as aesthetics and nutrition, thereby contributing to the
child’s overall health and quality of life [2]. Crown
restorations are recommended for primary teeth with
multisurface carious lesions. The most commonly used
type of restorative crown for primary teeth has been the
stainless steel crown (SSC), which has been successfully
utilized for over 70 years [3]. However, these restorations
often do not meet the aesthetic expectations of both

children and their parents. To address this limitation, more
visually acceptable alternatives, such as aesthetic SSCs
and prefabricated zirconia crowns (PZCs), have been
developed. Due to their preparation requirements despite
their aesthetic advantages PZCs may result in too much
loss of tooth structure, prompting development of
alternative approaches [4,5]. In response, computer-aided
design and manufacturing (CAD/CAM) methods were
introduced in recent years. CAD/CAM systems offer
considerable potential for delivering high-quality oral
healthcare and customized restorations for children [6].
Durable and aesthetic restorations can be fabricated using
CAD/CAM and 3D printing technologies, effectively
reducing treatment time [7]. In addition, selecting the
appropriate cement is crucial to ensure that the fabricated
crowns can withstand intraoral forces. The physical and
chemical properties of each luting cement vary. There is
no single ideal cement suitable for all clinical applications.
Cements should be selected by evaluating their advantages
and limitations based on the clinical conditions [8]. An
ideal cement should exhibit high fracture resistance,
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strong adhesion, and resistance to oral fluids [9]. Although
no definitive guidelines exist regarding the materials used
for cementing zirconia restorations, zirconia can be
cemented with conventional glass ionomer (GI), resin-
modified GlI, zinc phosphate, polycarboxylate, or adhesive
resin cements [10,11]. Additionally, the cement gap is a
significant parameter that influences the restoration
retention. An increased cement gap may result in
suboptimal crown placement, potentially causing elevated
occlusion and marginal fit discrepancies [12]. The purpose
of the present laboratory investigation was to investigate
the outcome of two dissimilar cement materials and two
occlusal gap widths on the fracture strength of
CAD/CAM-fabricated zirconium crowns placed on
primary molars. The first proposition of this investigation
said that fracture strength would vary based on the cement
material. The second would be the increase in occlusal
cement gap width would lead to a decrease in fracture
strength.

2. Materials and Methods

Study Design and Sample Size

Power analysis was performed to determine the
required sample size. Based on a reference study [13], it
was determined using the NCSS (Number Cruncher
Statistical System) 2007 Statistical Software (Utah, USA)
that a total of 36 samples were needed to achieve 95%
power. Considering potential technical limitations, the
study was designed with 10 samples per group, totaling 40
samples. Mandibular primary second molar teeth extracted
from pediatric patients who presented to Taif University
Dental Hospital, were utilized in this research, following
acquisition the informed consent from the parents. Teeth
that were expected to exfoliate within six months or had
extraction indications due to orthodontic or periodontal
reasons, and teeth with either no caries or caries limited to
the enamel layer were included in the study. The exclusion
criterion was physiological root resorption extending to
the bifurcation region.
Sample Preparation

Figure 1. Prepared primary second molar teeth fixed in plastic tubes with
auto polymerizing acrylic resin

After removal of soft tissue remnants, the samples were
stockpiled in thymol solutions (0.1%) for one week and
subsequently maintained in filtered water at 4°C till
testing. The samples then embedded in pre-prepared

plastic tubes using auto polymerizing acrylic resin
(Imicryl, Konya, Turkey) such that the cementoenamel
junctions were visible and the occlusal surfaces were
parallel to the horizontal plane (Figure 1). Tooth
preparations were performed by the same researcher
(XXXX) under water cooling using diamond fissure bur.
A 0.5 mm occlusal preparation depth was marked at the
central fossa. Subsequently, all remaining occlusal
surfaces and cusp tips were reduced by 0.5-1.5mm to
expose dentin. A 0.5mm-1 mm-wide chamfer finish line
was created circumferentially.
Production and Cementation of CAD/CAM Zirconia
Crowns

After preparation of tooth samples, they were allocated
into groups. CEREC Primescan (Sirona Dental Systems
GmbH, Bensheim, Germany) were used to scan the
samples. The CEREC AC Acquisition Unit and CEREC
5.2.2 software (Sirona Dental Systems GmbH, Bensheim,
Germany) were used to design the zirconia crown
restorations. Digital impressions of each prepared tooth
were obtained, and zirconia crown samples were
fabricated from In Coris- TZI C blocks based on these
impressions. Since the CEREC system software does not
currently support primary teeth, mandibular first molars
were selected as reference teeth. Due to the in vitro design
of this study and the absence of adjacent or opposing teeth,
the Biogeneric Individual option was selected during
crown design. Digital impressions of each prepared tooth
were captured using an optical scanner positioned 3-5 mm
away from occlusal surfaces, and the resulting digital
images were subsequently transferred into the CAD
software. The crown morphology was designed to have a
0.5 mm occlusal fossa thickness. Radial cement gaps were
set to 120 um for all crowns, as recommended by the
software, while the occlusal cement gaps were adjusted to
100 pm (Groups Al and B1) and 200 pum (Groups A2 and
B2) according to the study design (Figure 2). These values
were selected because the software-recommended occlusal
cement spacing for monolithic zirconia crowns is 100 um,
and 200 um represents the maximum limit permitted by
the system. Each crown was fabricated within 13-17
minutes approximately. After the milling process was
completed, the blocks were removed from the unit, and
the milled crowns were separated from the sprues using a
cylindrical diamond bur. The samples that were separated
from the die segments were subjected to the sintering
process. The fit of the fabricated crowns on the sample
teeth was checked, and then, in accordance with the
manufacturer's instructions, the inner surfaces of the crowns
were sandblasted with 50 um aluminum oxide at a pressure
of 2.5bar. Prior to cementation, the prepared molars were
dressed in pumice and a brush, then cleaned with water and
dried. Subsequently, zirconia crowns were cemented onto
the samples according to their designated groups, following
the manufacturers’ recommendations. GIC (Meron, VOCO,
Cuxhaven, Germany) were used for cementation of Group
A, and adhesive resin cements (Calibra, Sirona Dental
Systems GmbH, Caulk, USA) were used for cementation
Group B (Figure 2). All samples were kept in 37 °C distilled
water until the fracture testing.
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Figure 2. Flow diagram of the study groups

Fracture Resistance Test

The fracture load values of the prepared samples were
measured using a universal testing machine (LR 10K Plus,
Lloyd Instruments, Farnham, England). The samples were
placed so that the applied forces were transmitted parallel
to the long axis of crowns and secured with screws to
prevent movement. In this orientation, the force
application device contacted the crown through the central
fossa to apply the load. The force application tip had a
diameter of 5 mm and was programmed to stop applying
force upon detection of crown fracture. The determined
loads at the fracture moment were verified in both
Newtons (N) and stress (MPa).
Statistical Analysis

Number Cruncher Statistical System (NCSS) 2007
software was used for Statistical analyses of the results.
Descriptive statistical methods were used to evaluate the
data, and the distribution of variables was examined using
the Shapiro-Wilk normality test. For variables with a
normal distribution, independent t-tests were used to
compare the two groups. The significance level of p <0.05
was considered statistically significant.

3. Results

The fracture strength values of the 40 zirconia crowns
on primary molars were evaluated. The mean, standard
deviation, maximum, and minimum values for each group
are presented in Table 1.

Table 2 shows the results of intra-group and inter-group
comparisons of fracture load values. In intra-group
comparisons, statistically insignificant difference was
observed amongst Groups Al and A2 ( p = 0.715), or
between Groups B1 and B2 ( p = 0.218). In inter-group
comparisons, no statistically significant differences were
found between Groups Al and B1 ( p = 0.781), or between
Groups A2 and B2 (p = 0.074).

Table 1. Mean, standard deviation, minimum, and maximum
fracture load values (N) for each group

Sub-groups (n)  Mean £ SD (N) Minimum (N) Maximum (N)
Al (10) 3733 +£800.16 2680 4790
A2 (10) 3840 + 423.36 2930 4350
B1 (10) 3846 +984.74 2690 5600
B2 (10) 3368 +662.99 2070 4360
Total (40) 333%‘? 2070 5600

SD: Standard Deviation; N: Newton; n: Sample size.

Table 2. Comparison of fracture load values (N) between groups

100 pm 200 pm p-value
Glass lonomer 3734 + 80017 3840 + 423.37 0715
Cement
Adhesive Resin
Cement 3847 £984.74 | 3368 +662.99 0.218
p-value 0.781 0.074

N: Newton. *p < 0.05 indicates statistical significance.

4. Discussion

Since introduction of zirconia into dentistry, PZCs have
been used in pediatric dentistry beginning in the early
2000s [14]. In recent years, CAD/CAM systems which
offer a variety of restorative material options for adult
patients have also begun to be utilized in pediatric dental
applications [15]. Researchers have emphasized that the
mechanical advantages of these restorations depends on
several factors, including material selection, crown
thickness, tooth preparation, type of cement, and cement
gap width [16]. The interaction between the cement layer
and dentin can influence the stress distribution, thereby
affecting both the strength and fracture form of the crown.
Furthermore, if masticatory forces exceed the elastic limit
of the cementation material, the strength of the crown may
be compromised [17,18].
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The impact of several cementation materials on the
clinical success of crowns has been widely studied,
yielding differing results. Hussien etal. [19] studied the
fracture resistance of monolithic zirconium crown
cemented to extracted teeth utilizing dissimilar forms of
cement. They described that adhesive resin cement
exhibited improved strength values compared to resin-
modified GIC. D’Addazio et al. [20] evaluated zirconia-
reinforced lithium disilicate crowns cemented on tooth
replicas with GIC and self-adhesive resin cement. Their
results indicated that self-adhesive resin cement achieved
significantly higher strength values, with fracture loads of
3712 N and 2227 N, respectively. In a study by Pengpue et
al. [21], thirty extracted primary incisors were cemented
with prefabricated zirconia crowns using three different
luting materials. Bioactive cement demonstrated higher
tensile bond strength than both adhesive resin cement and
resin-modified GIC. In an in vivo study [22], primary
molars restored with PZCs were cemented utilizing GIC,
resin-modified GIC, or adhesive resin cement. PZCs
cemented with traditional GIC exhibited superior retention
related to those cemented with the other materials after
three years of clinical service. Walia et al. [23] evaluated
the retention of 3 types of GIC used with manufactured
deciduous zirconia crowns in vitro. Resin-based GIC
showed greater retention than conventional glass ionomer
cements. In another study, Alrashdi et al. [24] investigated
the retention of 162 PZCs cemented to primary teeth using
two different cements. Crowns cemented with self-adhesive
resin cement demonstrated 95.1% retention at both 12 and
24 months, while those cemented withGIC showed retention
values of 90.9% after one year and 84.0% after two years
follow up. separate investigations assessing the effect of 4
dissimilar cements on the fracture resistance of readymade
zirconium crown in deciduous teeth, significantly higher
fracture resistance values were observed in samples cemented
with resin cement and GIC [25].

Contrary to the findings of the aforementioned studies,
other research has reported that the material of cement
does not have a important effect on the clinical success of
zirconium crowns. Efe etal. [26], evaluated the influence
of dissimilar cement materials on the bond strength of
zirconium crowns fabricated by CAD/CAM for extracted
primary teeth, found statistically insignificant variations
among the bond strengths of resin cement and traditional
GIC. Nakamura etal. [18] investigated the impact of
various cement materials on the fracture resistance of 0.5
mm thickness CAD/CAM monolithic zirconium crown.
The crowns were cemented using four types of luting
agents glass ionomer cement, self-adhesive resin cement,
dual cure resin cement, and chemically cured resin cement
and it was reported that material of cementation had
statistically insignificant impact on fracture resistance. In
a systematic review, survival rates following the
cementation of zirconia crowns with adhesive cements
were reported to range from 83.3% to 100%, while those
cemented with conventional cements (glass ionomer,
resin-modified glass ionomer, or zinc phosphate) showed
survival rates ranging from 82.0% to 100% [27]. Another
review study reported that PZCs applied to primary teeth
exhibited good retention and high fracture resistance;
however, the evidence regarding the effect of cementation
materials remained inconclusive [28]. Consistent with

these findings, the current research likewise confirmed
that different types of cement did not significantly affect
the fracture resistance of zirconium crowns.

The influence of different cement gap widths on crown
performance has also been explored in various studies.
Gressler etal. [29] did a laboratory investigation in which
50 um and 500 pm occlusal cement spacings were applied
to feldspathic crowns fabricated using CAD/CAM
technology. Their findings indicated that ceramic crowns
with 50 um occlusal cement spacing exhibited better
performance. Prakkie etal. [30] assessed fracture strength
of ceramic plates with thicknesses of 1 mm and 2 mm at
different cement gap widths (100, 200, and 300 pum). They
reported that in plates with a ceramic thickness of 1 mm,
fracture resistance increased with greater cement spacing,
whereas in plates with a thickness, cement gap width
showed insignificant effect on fracture resistance.
Although, Venturini etal. [31] reported statistically
insignificant variations in the fracture resistance of
restorations cemented with resin cement at cement spacing
widths of 50, 100, and 300 um. Similarly, Liu et al. [32]
investigated cement spacings of 60, 90, 120, and 150 pm
on permanent first molars. While they found that a 90 um
cement spacing was most effective in reducing stress
within ceramic crowns, they concluded that cement gap
width had minimal influence on the overall functional
integrity of all-ceramic restorations. Only under excessive
loading conditions did shear stress in the cement layer
contribute to potential decementation. In agreement with
these results, the current laboratory research also
demonstrated that both two occlusal cement gap widths
evaluated did not result in statistically significant
differences in the fracture resistance of zirconium crowns.
In this current research, all samples across the different
groups exhibited fracture load values ranging from 2070 N
to 5600 N. These values exceed the typical bite forces
observed in children [33]. Based on the findings, the use
of 0.5 mm-thick monolithic zirconia crowns cemented
with either GIC or resin cement at occlusal cement gap
widths of 100 pm or 200 um appears to be clinically
appropriate for pediatric patients. Although the maximum
strength were recorded in the group with a 100 um cement
gap width and adhesive resin cement, the differences were
t statistically insignificant. So, the null hypotheses of this
study were not rejected. One limitation of this study is the
absence of artificial aging processes such as thermal
cycling or simulated mastication, which could better
replicate intraoral conditions involving temperature
fluctuations and mechanical loading. Results may vary in
studies incorporating such aging protocols.

5. Conclusions

In the present study, no statistically significant
difference was observed between glass ionomer cement
and adhesive resin cement regarding the fracture
resistance of monolithic zirconium restorations, nor
among two occlusal cement gap widths of 100 um and
200 um. These findings suggest that both types of cement
exhibit comparable mechanical performance, and that
cement gap width does not significantly influence fracture
strength under the conditions tested. Furthermore, 0.5 mm
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thickness CAD/CAM-fabricated monolithic zirconium
crowns demonstrated adequate fracture resistance to
withstand masticatory forces encountered in the pediatric
oral environment supporting their clinical viability. This
evidence highlights their potential for minimally invasive

treatment,

particularly by preserving hard tissue in

primary teeth, which naturally have reduced enamel and
dentin thickness.
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