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Abstract                                                                                                                       
Background All-ceramic Fixed Partial Denture (FPD) restorations consisting of abut-
ments, pontic, and connectors to link those parts together. Significantly, inappropriate 
connector shape reduces the restoration’s strength and makes it susceptible to fracture 
and affecting the biological health conditions. Objectives The purpose of present in 
vitro study is to evaluate the flexural strength of all-ceramic FPD made from Yttrium-
stabilized zirconium oxide (Y-TZP) IPS e.Max ZirCAD, (Ivoclar Vivadent) with different 
connector designs. Materials and Methods the specimens were designed into a bar 
shape with the help of a special 3D designing program (Sketchup, 3D design software). 
The connector of the specimens designed with two different radii of curvature designs 
(Sharp of 0.3mm and Round of 0.6 mm); then, the workpiece order was transferred 
to the CAM milling machine. After that, the specimens were sintered according to the 
manufacturer’s instruction at (1500 ºC) for 6h. A universal testing machine was used 
for testing the flexural strength of zirconia specimens with 3 points flexural strength 
test with a crosshead speed of (0.5 mm/min). Data analyzed via One-way ANOVA and 
LSD tests performed at a significant P-value of (p ≤0.05). Results After comparing 
results, a highly significant difference was noticed between the control group (with 
no constriction) and both sharp and round groups. While there was a non-significant 
difference between that of sharp and round radius of curvature groups. Conclusion 
Changing the connector design had a non-significant effect on the flexural strength of 
the (IPS e.max ZirCAD) FPD restoration. 
 
Keywords: CAD/CAM technology; dental Materials; fixed partial 
denture; flexural strength; zirconia dental material

Introduction                                                                                                                               
Many different materials are used for the 
construction of FPDs with 3 units or more. 
Porcelain fused to metal is still known as 
the standard materials used. It was found 
that the survival rate is about 94% over 5 
years. However, for esthetical reasons 

other optional materials are available, such 
as all-ceramic materials which include ve-
neered zirconia, monolithic zirconia, mon-
olithic lithium disilicate, and glass-infiltrat-
ed alumina (Heintze et al, 2018). Recently, 
there is an obvious flourish interest in the 
ceramic materials and systems for their 
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toration success (Rezaei et al, 2011); if 
the connector is large it could result in es-
thetical and hygienic problems. However, 
the greater the connector designed, is the 
strongest (Murase et al, 2014; Akbarza-
deh, 2019). The connector›s shape is con-
sidered an important factor for FPD suc-
cess. The load-bearing capacity is highly 
dependent on the radius of curvature at 
the gingival embrasure, during loading a 
small embrasure radii FPDs are subjected 
to high-stress concentrations compared to 
the FPDs with large embrasure radii (Ba-
hat et al, 2009). Therefore, this study is 
aimed to investigate the effect of changing 
the connector design (radius of curvature), 
on the flexural strength of all-ceramic (Zir-
CAD) FPD fabricated using CAD/CAM tech-
nology. 

Materials and Methods
Specimens description
Bar-like rectangular shape specimens were 
made from IPS e-max ZirCAD blank (Ivo-
clar digital, Germany), (LOT No. X08278). 
The specimens were designed to resem-
ble a 3 units FPD, based on the study of 
(Plengsombut et al, 2009; Hamza et al, 
2016). The dimensions of the specimens 
were (30mm length × 4mm height × 
4mm width), Figure (1). Each bar speci-
men is having two parts with a constric-
tion simulating two connectors and deter-
mining a pontic in the center with a length 
of (10mm). The connector had a circular 
diameter with a (7mm2) cross-sectional 
area. Those connectors were designed 
with two different shapes; one was a round 
shape (0.6mm radius of curvature), and 
the other sharp shape (0.3mm radius of 
curvature), Figure (2) (Plengsombut et al, 
2009, Hamza et al, 2016).

unchallenged benefits such as the accept-
able optical properties, good resistance to 
fracture to the intraoral functional load, 
and their bonding durability to the pre-
pared tooth surface (Clausen et al, 2010; 
Kang et al, 2013). On the other hand, the 
fabrication simplicity of ceramic materials 
had become another reason, as the last 
10 years had seen the rapid growth of new 
technologies along with the revolution of 
dental restorative materials such as com-
puter-aided design/computer-aided man-
ufacturing (CAD/CAM), laser sintering and 
3D printing. These advanced technologies 
have had improved accuracy and reduced 
production time (Attia and Kern, 2004; 
Nassef et al, 2014; Zarone et al, 2016). 
The restorative dentistry’s attention has 
widely grown towards high strength zir-
conia material in the past decade (Fischer 
et al, 2003; Kypraiou et al, 2012; Malkon-
du et al, 2016; Zhang and Lawn, 2018). 
Zirconia is a highly dense polycrystalline 
metal oxide ceramic block which has ex-
cellent mechanical properties than other 
ceramic materials due to their flexural 
strength (900-1200 MPa) and fractures 
toughness (9-10 MPa·m1/2) (Rismanchian 
et al, 2014). Thus, it can tolerate heavy 
load-bearing areas, high occlusal forces, 
and functional movements when it is fabri-
cated as single crowns or as a fixed partial 
denture (Kermanshah et al, 2012, Saran-
Babu et al, 2019, Sulaiman, 2020). More-
over, it offers many favorable properties 
such as higher bending strength than con-
ventional ceramic materials (Ogino et al, 
2016), but the opacity is considered as a 
serious matter of esthetic (Scherrer et al, 
2017). However, despite the high mechani-
cal properties of Y-TZP-based restorations, 
clinical failures still occur due to insufficient 
thickness of the framework and overload-
ed bruxism, and this mostly occurs at the 
connector area of FDPs (Oh et al, 2002; 
Hamza et al, 2016). Altering the connector 
design is an important issue for the res- Figure (1): Specimens description.
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Specimens design
The specimens were designed with a spe-
cial 3D design software program (Sketchup 
3D design software, v 2016), the design 
was produced in the form of an STL file 
(Stereo-litheography) in which the CAD/
CAM system can understand. The speci-
men’s drawings were converted into the 
3D design, ready for milling with CAD/CAM 
machine.

Specimens grouping
21 bar shape specimens were divided into 
3 groups according to the connector de-
sign. The first group representing speci-
mens with no constriction served as a con-
trol group. The second group had a Round 
connector design (R) with (0.6mm radius 
of curvature) and the third group had a 
Sharp connector design(S) with (0.3mm 
radius of curvature). 

Specimens fabrication
Partially sintered zirconia IPS e.Max Zir-
CAD, Ivoclar Digital blank (Yttrium-stabi-
lized zirconium oxide for CAD/CAM tech-
nology) was used for the fabrication of 
specimens. The zirconia blank was with 
low translucency (LT) and (A2) shade, 
the diameter was (98.5mm2) and (14mm 
height). 

Entering STL files to CAD system
A new workpiece was entered into the CAD 
software by determining the material’s 
blank type which was Zirconium Oxide, 
followed by blank information such as di-

mension and serial number. After that, the 
specimens STL files were inserted into the 
program, and the milling type was deter-
mined as a full anatomical milling option. 
The next step was adjusting the virtual 
specimens in the correct positions till they 
fit and fill the size of the zirconia blank. Af-
ter that, place the supporting bars on the 
sides of the specimens to hold them within 
the blank during the milling process. The 
specimens were designed to actual sizes 
with no enlargement, as The CAD/CAM 
system used was able to enlarge the zir-
conia specimens with optimal size to com-
pensate for the shrinkage after sintering. 

Transfer the workpiece to CAM system
The workpiece order was transferred to the 
CAM machine. zirconia blank was attached 
to the dry milling machine of 5 axis milling 
device (vfn camfacture AG, Lettenstabe 
10-DE-72119 Ammerbuch, K5 Impression, 
88 Mill-Five S, Germany, 2016), giving a 
possibility for milling the complicated ge-
ometries with subsections and fine details 
(Beuer et al, 2008; Yau et al, 2016).

Milling process
10 specimens were produced by each Zir-
CAD blank. The milling was started by cut-
ting the outline of the specimens, then, 
the details of the connector’s designs were 
milled at both ends of the bar by (10mm) 
distance between them. The diamond-
coated cutter tools were changed from a 
larger size to the finest and smallest ac-
cording to their function to produce the 
required design and details accurately 
(Hamza et al, 2016).

Detaching, cleaning and sintering 
After milling, the specimens were detached 
carefully from the ZirCAD blank frame 
by using a handpiece device (Marathon- 
3dental handpiece, Korea) with a diamond 
disc, for cutting the supporting bars (Ivo-
clarVivadent, 2019). The specimens were 

Figure(2): Connector design.
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cleaned carefully with a soft brush to re-
move any zirconium oxide traces left on 
the specimens. The specimens were sin-
tered according to the manufacturer’s in-
structions at (1500ºC) for 6 hours with a 
ceramic furnace (Zubler Gerätebau GmbH, 
Germany). Normally, the zirconia speci-
mens’ dimensions were shrunk about 20-
30% after sintering (Ahmed et al, 2020). 
Then, the entire bar access parts were re-
moved by using a handpiece device with 
light pressure and low speed. It was pos-
sible to remove them immediately after 
detaching the specimens from the blank’s 
frame but, non-sintered zirconium oxide 
specimens are susceptible to an unexpect-
ed defect that may occur during the work-
ing procedure (IvoclarVivadent, 2019). 
The dimensions of the specimens were 
checked and measured with an electronic 
caliper for the verification of their accuracy 
and to make sure that they were ready for 
flexural strength testing.

Three point flexural strength test of 
the zirconia specimens 
The universal testing machine (LARYEE, 
50kn, China, 2012) was used for testing 
the 3 points flexural strength of the speci-
mens. The center of the pontic and abut-
ment was marked accurately, and then 
the specimens were placed on the testing 
jig. A vertical loading force was applied 
by a steal rounded chisel with a diameter 
of (2mm) and the crosshead speed was 
(0.5mm per minute) at the center of the 
pontic and the connectors were support-
ed around the center of the loading point 
(Hamza et al, 2016). The flexural strength 
was recorded with Mega Pascal (MPa) au-
tomatically by the testing machine com-
puter software. The following formula of 
3 points flexural strength test used was 
(Kopeliovich, 2012).

σ = 3FL / 2wd2

When F means the maximum force ap-
plied, L is the length of the specimen, w 
is the width of the specimen and d is the 
depth of the specimen. 

Statistical analyses
Data analyzed using One-way ANOVA and 
LSD tests with a significant p-value of (p 
≤0.05).

Results
Table (1), (2), and figure (3) showed the 
results of flexural strength of ZirCAD spec-
imens with different radius of curvatures. 
After comparing the results of flexural 
strength, a highly significant difference 
was noticed in the flexural strength be-
tween the control groups and both Round 
and Sharp connector design groups ac-
cording to both ANOVA and LSD test (p 
≤0.01). While there was a non-significant 
difference between sharp and round con-
nector design groups according to the LSD 
test. 

 
Figure (3): Bar-Chart showing the mean 
value of the 3 points flexural strength 
according to connector’s radius of 
curvature (design).
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Discussion
Generally, all fixed prostheses are subject-
ing to compressive and tensile forces dur-
ing function, and the area of the fracture 
risk is usually the connector area. When 
the force is applied directly to the FPD it 
will be under flexural-compressive loading 
occlusally with a concentration of tensile 
stress gingivally. Therefore, the design of 
the connector’s area can be altered to im-
prove the ability to withstand the loading 
forces (SaranBabu et al, 2019). The de-
sign of the specimens used in this study 
was similar to the design used by (Pleng-
sombut et al, 2009) and (Hamza et al, 
2016) according to the standardization of 
ceramic flexural strength test, including 
the use of bar-shaped specimens with two 
constrictions on either side representing 
the connectors with two different designs 
(sharp of 0.3mm and round of 0.6mm). 
This study concluded that there was no 
significant difference between the group 
of the connector with a round radius of 
curvature (0.6mm) and the group of the 
connector with a sharp radius of curvature 
(0.3mm), suggesting that these results can 
be due to the stress distribution pattern, 
as (Oh et al, 2002) concluded. The mate-
rial thickness at the proximal area helps to 
distribute stress, it is important for stress 

Figure (4): SEM demonstrating the 
stress origin and hackle radiations in 
the fracture surface of zirconia speci-
men (magnification, ×200).

Table (1): ANOVA test comparing the flex-
ural strength according to connector’s ra-
dius of curvature.

Table (2): LSD test for multiple compari-
son of the flexural strength according to 
connector’s radius of curvature. 
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magnitude (Miura et al, 2017). Also, the 
zirconia material can dissipate the stress 
(Lakshmi et al, 2015). Therefore, fracture 
lines and stress were diffused in a larger 
area, resulting in uniform stress distribu-
tion and increased fracture strength (Ker-
manshah et al, 2012). 
The sharp connector design acted as a 
macroscopic flaw (Oh et al, 2002) and it 
doesn’t affect the stress concentration di-
rectly, but the microscopic scratches and 
sharp defects are the main reason for the 
initiation of crack sites (Kypraiou et al, 
2012). The stress distribution depends on 
the fabrication technique and treatment of 
the framework, and as it is already known 
that the CAD/CAM is responsible for the 
most surface flaws, damages, and micro-
cracks within the framework during the 
process of milling (Kypraiou et al, 2012; 
Ogino et al, 2016; SaranBabu et al, 2019), 
this is more significant especially in the ce-
ramic materials which are brittle and con-
taining various sizes and orientations of 
cracks and flaws, (Rezaei et al, 2011). 
The results of this study were disagreed 
with (Hamza et al, 2016) in which their 
studies showed a significant difference 
between the sharp and round radius of 
curvature of all zirconia FPDs. concluded 
that the stress concentration decreased in 
connectors with a broad curvature com-
pared to the connectors with narrow cur-
vature (Nassef et al, 2014; Rismanchian 
et al, 2014; SaranBabu et al, 2019). On 
the other hand, Those results were agreed 
with (SaranBabu et al, 2019) in which 
their study found that there was no signifi-
cant difference between sharp (0.25mm) 
and round (0.45mm) gingival radius of 
curvature at the stress distribution. And 
also agreed with (Akbarzadeh, 2019) who 
found that there was no significant differ-
ence in failure load of the group with (12 
mm2) cross-sectional area made with a dif-
ferent embrasure design. 
The current study didn’t show a significant 

negative effect in the sharp connector de-
sign compared to the round connector de-
sign, this can be due to the transformation-
toughening property of ZirCAD material, 
which gave it the ability to withstand the 
catastrophic force and also making it less 
affected by the sharp connector milling 
procedure (Plengsombut et al, 2009). 
The fracture pattern of all specimens with 
Sharp connector design was less angulat-
ed toward the pontic area than specimens 
with Round connector design; this was 
agreed with (Fischer et al, 2003; Attia and 
Kern, 2004; Clausen et al, 2010; Hamza 
et al, 2016). 
They found that the stress level decreased 
with smoother and less angled connectors. 
Thus, it can be possible to explain the dif-
ferent fracture directions in each connector 
design in the current study. The Scanning 
Electron Microscope (SEM) demonstrated 
a brittle smooth fracture surface, without 
significant plastic deformation prior to fail-
ure (Hamza et al, 2016). 
The critical flaws and fine hackle radiat-
ing outward perpendicularly to the ten-
sile stress representing the failure origin. 
Thus, the tensile stress direction causing 
the fracture can be identified (Scherrer et 
al, 2017). Fracture occurred in an area of 
high stress concentration. When the stress 
increased the crack propagation action in-
creased until it reached a level at which 
the crack continued to propagate without 
any additional stress (catastrophic failure), 
Figure (4) (Hamza et al, 2016). 
This study suggests that, the laboratory 
technician could have the opportunity to 
design a connector area with sharp or nar-
row radius of curvature without affecting 
the strength of the restoration in the areas 
with enough occluso-gingival height, espe-
cially at the regions with limited spaces for 
increasing esthetic and function.

Conclusion
According to the results of the current 
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study, it had been concluded that the de-
sign of the connector showed a non-signif-
icant effect on the flexural strength of the 
(IPS e.max ZirCAD) FPD restoration.
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