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Abstract

The aim of this pilot study was to compare the fracture toughness and fracture mode of cement-retained versus
screw-retrievable cement-retained implant-supported monolithic zirconia crowns. Ten implant-supported crowns
were made from monolithic CAD/CAM zirconia and equally divided into control and test groups. The control group
received cement-retained monolithic zirconia crowns (CR), while the test group received screw-retrievable cement-
retained monolithic zirconia crowns (SRCR). The crowns were then bonded to prefabricated Variobase titanium-based
abutments with resin luting cement. To simulate the aging process in the oral cavity, all samples were undergone
thermal cycling machine. After ageing, each group underwent a single load fracture test to analyze the fracture load,
and the fracture mode was evaluated using scanning electron microscopy (SEM). The Mann-Whitney U test was
used to compare fracture toughness, and statistical significance was set at p<0.05. The mean fracture toughness
of CR crowns was 2945.49 + 511.426 N, while that of SRCR crowns was 2897.82 + 510.837 N, but the difference
was not significant (U=10, p= 0.917). SEM examination revealed that all failures originated from the fitting surface
of the crowns. The titanium-based abutment remained intact in all specimens. Within the limitations of this pilot
study, the CR showed higher fracture toughness than SRCR implant crown, but both specimen fracture at six times
more than the average maximum bite force of posterior tooth. The presence of screw access in SRCR has affected
the fracture mode.
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Introduction

Dental implants is one of the treatment options for missing teeth
for the past four decades (1, 2). Advances in surface technology,
surgical techniques, the connection of implant component, the
abutment material and ongoing preventative measures to avoid
peri-implant diseases have improved dental implant treatment
(1-3). Nonetheless, prostheses complications continue to occur,
necessitating ongoing research into implant superstructure
retention methods (1, 2, 4-6).

Traditionally, implant restorations were either cement or screw
retained. Cement-retained (CR) restorations are recommended
due to their aesthetic appeal, ease of fabrication, excellent
occlusion control, low cost, and passive fit (7-11). Unfortunately,
the risk of excess cement during cementation procedure has
increased the risk of periimplantitis and perimucositis (12, 13).
Furthermore, in the event of screw loosening, retrievability is

limited, which may increase the cost of remaking a new crown.
Because of this limitation, clinicians have chosen screw retention
systems that are easy to retrieve, require less maintenance, and
do not require cementation (8, 9). Screw retained restoration,
on the other hand, is known for its costly laboratory fabrication,
particularly with gold casted abutment, lacks aesthetics and
strength due to screw holes traversing the implant crown.
Furthermore, when compared to its cemented counterpart, it is
more difficult to achieve passive fit. To overcome both limitations,
a combination concept known as screw-retrievable cement-
retained (SRCR) restoration is used (8, 10, 11).

The SRCR implant crown was frequently connected to a
prefabricated titanium abutment due to its light weight,
high durability, and favourable soft tissue response (14). The
superstructure is cemented extra orally, eliminating the possibility
of excess cement. The cement layer also acts as a stress absorber,
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increasing the fracture toughness of the prosthesis (9, 15). For
the fracture toughness of SRCR constructed with metal ceramic,
highest fracture load values were recorded for cement-retained
designs, followed by SRCR designs (16). Other materials such
and monolithic zirconia and lithium disilicate of SRCRs frequently
survive and were found to withstand the highest fracture loads
(17). Because of these benefits, several protocols for improving
SRCR performance were proposed, including preparing the screw
access with a diameter of less than 1 mm, creating the screw
access holes before sintering, filling the screw access holes rather
than leaving them unfilled, and reinforcing the access holes with
zirconia predesigned core in veneered restoration to withstand
the highest fracture toughness (9, 16).

Regardless of these protocols, it is unclear whether the presence
of screw access holes supported with Variobase abutment has
affected the fracture load value and structural integrity of the
implant crown. Thus, the goal of this study is to compare the
fracture toughness and fracture mode of cement-retained versus
screw-retrievable cement-retained implant-supported monolithic
zirconia crowns. The null hypothesis that there is no difference in
these aspects between the two types of implant crowns. This pilot
study can help determine the feasibility of the fracture toughness
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testing method, refine procedures, and provide initial data on the
strength characteristics of different crown design.

Materials and Methods

Specimen preparation

10 tissue level implants fixtures (RN 4.8 mm x 10 mm, Institute
Straumann AG, Basel, Switzerland) were screwed into acrylic
blocks (Figure 1A, 1B & 1C). The elasticity modulus of the acrylic
resin used was 12 GPa, which is comparable to human bone (18
GPa) (17). The implant screwed to the first thread in the acrylic
resin blocks. Ten implant-supported monolithic zirconia molar
crowns were CAD/CAM-fabricated and divided into two groups:
five CR crowns for the control group and five SRCR crowns for the
test group. The crowns were cemented on implant analogues on
a dummy master cast (Figure 2A, 2B & 2C) using type-1V dental
stone in accordance with I1SO 6873 standards. The scan body
was tightened with a self-retaining screw (up to 15 Ncm) and
scanned with an intraoral scanner (3Shape TRIOS4 Denmark). The
scanning image was also transmitted to the 3Shape program. CR
and SRCR monolithic zirconia crowns with 40 um cement space
were fabricated following the manufacturer’s guidelines for a
full-contour crown thickness.

Figure 1: Silicon mould for fabrication of (A) acrylic cylinder block; (B) Implant fixture screwed to the acrylic cylinder block; (C) Crown

cemented onto the abutment.
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Figure 2: (A) The dummy master cast for scanning and designing the crown. (B) CR monolithic zirconia crown and (C) SRCR monolithic

zirconia crown.

The CAD file was sent to a milling machine (Ivoclar Programill PM7,
Liechtenstein) for zirconia milling with an IPS e.max ZirCAD pre-
sintered zirconia disc. After sintering, the crowns were polished,
glazed and the fitting surface air abraded with aluminium oxide
(50 um particle size, 0.5 bar pressure) and cleaned with water-
and oil-free compressed air prior to cementation. Variobase®
abutments (Institute Straumann AG, Basel, Switzerland) were
used for both groups and were manually tightened to the implant
analogues up to a torque of 35 Ncm. The crowns were cemented
onto the abutments using Rely X™ U200 Adhesive Resin Cement
(3M ESPE Oral Care, St. Paul, MN) under a compressive force of
20 N for 15 minutes. The SRCR crowns access holes were sealed
with a light-polymerized composite resin.

Specimens testing

To simulate the ageing process in the oral cavity, all specimens
were subjected to thermal stress using a thermal cycling machine
(Zecttron Automated Thermocyclic Dipping Machine (ATDM))
for 10,000 cycles at 5°C and 55°C with a 30 seconds dwell time
(ISO TR 11405) as shown in Figure 3A & 3B. Following the ageing
process, each group was subjected to a single load fracture test.
To ensure that the load conditions were uniform, a stainless-
steel ball with a 6 mm diameter was used (Figure 4). The ball
simultaneously contacts three predetermined locations on the
occlusal surface of the specimens (mesiobuccal, distobuccal, and
mesiolingual points) (16).

Figure 3: Preparation of the specimen for aging process using thermocycling mechine for 10,000 cycles at 5°C and 55°C with a 30
seconds dwell time.
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Figure 4: The specimen was subjected to a single load fracture test. To ensure that load conditions are uniform across all specimens,

a stainless-steel ball with a 6 mm diameter was used.

Single load until fracture test was utilized to the occlusal surface
of the specimens at a 90° angle relative to the horizon using a
universal testing machine (Shimadzu Universal Testing Machine)
at a crosshead speed of 0.5 mm/minute until failure (Figure 5A
& 5B). A load decrease of 10% or more, as measured by the

testing machine, was considered a failure. This change in load
was detected automatically by the computer software of the
testing machine (18)screw access opening placed in the center
of the occlusal surface; Group 2 (Screw-retained; occlusal surface
buccolingual width=5 mm.

Figure 5: The specimens after a single load until fracture test applied to the occlusal surface of the specimens: (A) CR shows less than
50 % crown fracture, (B) SRCR shows more than 50 % crown fracture after testing.

After load fracture test, the fracture specimens were analysed
under a Scanning Electron Microscope (Supra 55VP, Zeiss). Prior
to the scanning procedure, all specimens were sputter-coated and
the acceleration voltage (EHT) adjusted to 10.0 kV. The fracture
modes were determined by observing the remaining restorative
material: (A) less than 50% crown remaining, (B) 50-75% crown
remaining, and (C) more than 75% crown remaining.

Data analysis

The Statistical Software Package for Social Science (24.0) was used
to analyse the data (SPSS Inc, Chicago, USA). Mann-Whitney U
test was used to analyse the failure load, and the threshold for
determining statistical significance was set at P=0.05. Descriptive
analysis was carried out to determine the origin and mode of
fracture.
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Results

The mean fracture toughness of the cement-retained monolithic
zirconia crowns was 2945.49 + 511.43 N, while that of screw-
retrievable cement-retained crowns was 2897.82 + 510.84 N.
(Table 1). Table 2 shows the difference in fracture toughness
between the two groups. This study used Mann-Whitney U test
statistics (10) and Asymp. sig. (2-tailed) to reject or fail to reject
the null hypothesis. Since in our example, p=0.917, > 0.05, we
fail to reject the null hypothesis and conclude that there is no
difference in the fracture strength between CR and SRCR group.
In terms of fracture mode, the CR group performed slightly
better than the SRCR group; more crown material remains intact
(Table 3). The fracture origin was also identified in this study,
which is at the fitting surface or at the refining surface of the
crown. Observing the hackle lines on the surface of the ceramic
enabled the identification of this failure (Figure 6). These lines
radiated from the fracture origin and perpendicular to the crack
progression (19). From the SEM analysis, cracks originated from
the fitting surface for both types of crowns and for the SRCR
group, it seems to start from the screw access hole. (Figure 7A,
7B,7C & 7D)

Table 1: Mean fracture load (Newton) and standard deviation of
group CR and SRCR

Sample Mean Standard
Size Fracture Deviation (N)
Load (N)
CR 2 2945.49 +511.426
SRCR 2 2897.82 +510.837

Table 2: The table shows the significant difference in test statistics.

Test Statistics®

Fracture value

Mann-Whitney U 12.000
Wilcoxon W 27.000

z -.104

Asymp. Sig. (2-tailed) .917
Exact Sig. [2*(1-tailed Sig.)] 1.000°

a Grouping Variable: Type of crown

b Not corrected for ties.

Table 3: Percentage fracture modes of various groups

Experimental Sample Size  Percentage fracture mode
Group (N=10) of various groups
CR 5 < 50 %= 40% (n=2)
50-75%= 20% (n=1)
> 75%=40 (n=2)
SRCR 5 < 50 %=60% (n=3)

50-75%= 20 % (n=1)
> 75%=20% (n=1)

JUMMEC 2024:1

Figure 6: The specimens were analysed using Scanning Electron
Microscopy (SEM) to evaluate the fracture surfaces for identify
the fracture mode of each specimen after a single load until
fracture test.

Discussion

The purpose of this pilot study was to compare the fracture
toughness and fracture mode of two crown designs: cement-
retained (CR) and screw-retrievable cement-retained (SRCR) for
implant supported single crown. CR demonstrated higher fracture
toughness but not significantly different to SRCR crowns, probably
due to the small sample size. Previous studies have shown that
the presence of screw access affected the structural continuity of
the ceramic and bond strength causing lower fracture load value
and chipping risk that was not seen in the cemented counterparts
(8-11, 20)advantages and disadvantages of the different
retention mechanisms, the retention provided, retrievability,
provisionalization, esthetics and clinical performance, including
failures and complications. The results of recently published
systematic reviews on this topic are discussed and an overview
is provided. A decision tree is presented to facilitate the clinical
selection of the retention type. This overview concludes that the
choice of retention type (screw retained or cement retained. The
timing of preparation of the screw access hole itself either before
or after sintering could potentially impact the fracture strength
of SRCR crown (21). It was recommended to prepare the screw
access in blue phase prior to crystallization to avoid cracks in the
restoration. Grinding zirconia to create access hole after sintering
may cause phase transformation in zirconia microstructure (16).

The fracture toughness value recorded for both groups of
monolithic crowns was close to 3000 N, which far exceeded the
posterior region of the mouth’s mean masticatory force of 200
to 540 N (22). This finding is consistent with previous studies that
show monolithic zirconia is suitable for implant-supported crowns
in the posterior region (1-3)that is, survival and complication rates
of zirconia-ceramic and/or monolithic zirconia implant-supported
fixed dental prostheses (FDPs.

On the hand, the fracture mode varies with the CR group had
more than 75% of crown remaining, while most of SRCR crown
had less than 50% of crown remaining. The descriptive analysis
of the result indicates the variety of failure mode with weakness
is related to the crown design. This result also recorded that
catastrophic failure only occurred when load was exceeding
2157.77 N. However, the high fracture load in monolithic ceramic
restoration has raised concern on stress around the cervical peri-
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Figure 7: The specimens were analysed using Scanning Electron Microscopy (SEM) under x40 maghnification (A) and under x100
magnification (B). The red arrow in the figure 7(A) is the polishing surface of the crown and the yellow line is the fitting surface of the
crown. The blue line in figure 7(B) is the hackle lines on the surface of the ceramic enabled the identification of crack propagation and
the failure’s origin. (C) The fracture origin came from the fitting surface originating from the screw access on MZV and it appears that
the stress or strain concentration around the screw access hole may have led to the initiation and propagation of cracks. (D) In MCV,
SEM images revealed that all sample groups displayed fractures originating from the fitting surface of the crowns and not extend to

occlusal surface.

implant bone, causing crestal bone resorption (23). Having various
compromised situation such as short implant, bruxism or narrow
ridge, clinician should know that certain type of material may have
high fracture toughness, but may influence stress distribution
that would affect the biological and mechanical complication
of implant treatment. Therefore, it was suggested to use low
modulus of elasticity such as Polymer Infiltrated Ceramic Network
(PICN) that offer better stress distribution and have comparable
fracture toughness. Furthermore, PICN has higher damaged
tolerance after adjustment of implant restoration justifying the
lower impact of crack degradation compared to ceramic material
(24). As various alternative materials is available, more studies
needed to prove the best and most stable implant restorative
material (25).

As mentioned, in the present study resulted with 100% survival
of Ti-base abutment. This prefabricated abutment has showed
high mechanical stiffness and offers an excellent prosthetic unit

of implant restoration regardless of material type (26). Since
it is a trend to use titanium based abutment, it is interesting
to note that this prefabricated abutment is not only used as
one piece, but also as two piece where coping ceramic is used
as customized abutment design (8, 27). While the Variobase
design incorporates a retention slot, the specific impact of this
feature on the crack propagation is unclear. In this current study,
an interesting observation was made regarding the origin of
cracks in the examined samples. In the SRCR group, the cracks
were found to originate from the fitting surface extending into
the screw access area. It appears that the load concentration
around the screw access hole may initiate the propagation of
cracks from abutment screw access to occlusal surface. On the
other hand, in the CR group, SEM images revealed that all sample
groups displayed fractures originating from the fitting surface
and does not extend to the occlusal surface. As the abutment
survived under fracture load for both types of restoration, the
prefabricated titanium based with mechanical features such as
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groove or slot is projected to improve retention between screw
or cemented crown (28). With this limited study, the result from
SEM show that the crown design has influence the crack origin
but not related to the abutment. However, inferring whether type
of abutment design is difficult since only one type of abutment is
used. Therefore, further study should consider to investigate with
more variables such as abutment height and abutment surface
whether flat or with slots to ensure their long-term performance.

Due to the nature of this study, the result should be clarified with
caution. Although it is in vitro test, our pilot study has included
thermocycling and analysis of SEM to produce information of
fracture toughness and fracture mode from different crown
design. This pilot study encouraged standardized sample
preparation for a control testing method to measure fracture
toughness and fracture mode thru stainless steel ball. This
encouraged the feasibility of testing procedures, refine the
methodology and to evaluate the durability of the CR and SRCR
implant crown. In addition, the pilot study acts as a critical
preparatory phase and to confirm the necessary sample size for
statistical significance and mitigate potential issues Yet, limitation
existed by not having larger sample size and only single loading.
Therefore, further clinical controlled clinical studies are necessary
to validate the laboratory findings.

Conclusion

Based on this limited sample, the CR showed higher fracture
toughness than SRCR implant crown, load required to fracture
it is approximately 6 times the average maximum bite force of
a molar. For SRCR, the presence of screw access in monolithic
zirconia restoration affected the fracture mode with less
crown remaining after loading. The SEM fractographic analysis
conducted in this study revealed that the presence of a screw
access has influence crack propagation from the fitting surface
of the crown. Nonetheless,
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