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Effect of connector configuration on 
the fracture load in conventional and 
translucent zirconia three-unit fixed dental 
prostheses
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PURPOSE. The purpose of this study was to determine the effect of the connector 
configuration on the fracture load in conventional and translucent zirconia 
of three-unit fixed dental prostheses (FDPs). MATERIALS AND METHODS. Six 
different three-unit FDPs were prepared (n = 6) from three types of zirconia 
(3Y-TZP (Katana ML®), 4Y-TZP (Katana STML®), and 5Y-TZP (Katana UTML®)) in 
combination with two connector configurations (4 × 2.25, 3 × 3 mm). The Co-
Cr master models were scanned, and the FDPs were designed and fabricated 
using CAD-CAM. The FDPs were cemented on the metal model and then loaded 
with a UTM at a crosshead speed of 1 mm/min until failure. Two-way ANOVA and 
Tukey’s test were used for statistical analysis (α = .05). RESULTS. Fracture loads of 
3Y-TZP (2740.6 ± 469.2 and 2718.7 ± 339.0 N for size 4 × 2.25 mm and 3 × 3 mm, 
respectively) were significantly higher than those of 4Y-TZP (1868.3 ± 281.6 and 
1663.6 ± 372.7 N, respectively) and 5Y-TZP (1588.0 ± 255.0 and 1559.1 ± 110.0 
N, respectively) (P < .05). No significant difference was found between fracture 
loads of 4Y-TZP and 5Y-TZP (P > .05). The connector configuration within 9 mm2 
was found to have no effect on the fracture loads on all three types of zirconia (P 
> .05). CONCLUSION. Fracture loads of three-unit FDPs were affected by the type 
of zirconia. The fracture loads of conventional zirconia were higher than those of 
translucent zirconia. However, it was not affected by the connector configuration 
when the connector had a cross-sectional area of 9 mm2. [J Adv Prosthodont 
2023;15:171-8]
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INTRODUCTION

Because of the strength of the metal framework and 
the aesthetic benefit of veneering porcelain, por-
celain fused to metal (PFM) restorations have been 
widely utilized and have proven to be durable resto-
rations for fixed dental prostheses (FDPs) for a long 
time. However, there are certain disadvantages, such 
as a conspicuous metallic color, an allergic reaction 
in some individuals, and porcelain chipping.1 Par-
tially stabilized zirconia, which can be created using 
a computer-aided design/computer-aided manufac-
turing (CAD-CAM) system, has recently been used in 
restorative dentistry due to the advancement of so-
phisticated dental ceramics. Because of their high 
fracture toughness, yttria-stabilized tetragonal zirco-
nia polycrystals (Y-TZP) have been shown to be struc-
tural ceramics. However, Y-TZP has a high opacity that 
might cause aesthetic issues in dental restorations 
affecting the natural dental appearance. To enhance 
its translucency, transparent zirconia has been creat-
ed as a monolithic material to replace bilayer zirco-
nia, not only to eliminate veneer chipping, fracturing, 
or delamination but also to reduce the opacity and 
white coloring of the original zirconia.2,3 The hard-
ness of Y-TZP ceramics allows it to be used in the mo-
lar area, which is a unique property. However, more 
translucency of this monolithic zirconia will reduce 
its strength with regard to bridge failure, especially 
in the posterior region. Bridge failures occurred most 
often around the connector area between retainers 
and a pontic.4,5 In the connector region, there is an in-
creased risk of failure when the radius of curvature is 
increased.6 Finite element (FE) modeling has shown 
that the highest stress concentration lies in the region 
of the connectors.7 These considerations may be even 
more important in posterior FDPs. For the connector 
of a 3-unit Y-TZP framework, a cross-sectional area of 
9.0 mm2 or higher has been established as the desired 
size to achieve appropriate strength6,8-10 and was rec-
ommended by several dental material manufactur-
ers. A higher connection height was recommended 
to be effective to resist the occlusal load, rather than 
the connection width. However, in Asian people, the 
connection height is often limited by short clinical 
molar crowns, and larger loads are created. Due to 

the structure of the abutment tooth, securing the cor-
rect cross-sectional area and shape in terms of the 
height of the connector of an FDP in the molar region 
can be challenging. Therefore, we are interested in 
the size of the connector when the height is reduced 
to accommodate the teeth of Asian patients. The size 
of the connector 4 × 2.25 mm (9 mm2) is the mini-
mum preferable connector, compared with decreas-
ing the height of the connector to 3 × 3 mm to obtain 
the same connector area (9 mm2). In this study, we 
prepared Y-TZP frameworks for 3-unit FDPs for the 
mandibular posterior region with different connector 
configurations and compared their fracture loads. We 
also investigated the relationship between zirconia 
variation and fracture loading.

MATERIALS AND METHODS

In this experimental laboratory study, a mandibu-
lar typodont model was used (model ANA-4; Frasa-
co, Tettnang, Germany). The left second premolar 
and second molar were prepared for abutment of a 
three-unit bridge with a deep chamfer finish line (0.8 
- 1 mm). The occluso-gingival abutment height was 5 
mm. The gingiva of the residual ridge was reduced 3 
mm in height to prepare the space for bridge bending 
during the fracture test. The prepared model was du-
plicated and cast with Co-Cr alloy (Vitallium; Dentsply 
Sirona, York, PA, USA) for use as a master model (Fig. 
1).

The master models were scanned with the 3Shape 
Dental Scanner (Trios 3; 3Shape, Copenhagen, Den-
mark). Three-unit FDPs with two different connector 

Fig. 1. Master model of abutment for three-unit fixed den-
tal prosthesis.
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configurations (4 × 2.25, 3 × 3 mm) (Fig. 2) and a hy-
gienic pontic were then designed using CAD software 
(3Shape Dental System; 3 shape). The data of the de-
signed FDPs were sent to an InLab MC-X5 machine 
(Dentsply Sirona, York, PA, USA) to mill three-unit 
FDPs with three different translucent zirconia materi-
als (Katana ML (3Y-TZP), Katana STML (4Y-TZP), Kata-
na UTML (5Y-TZP); Kuraray Noritake, Chiyoda-ku, Ja-
pan). Then, final sintering and glazing were done with 
a VITA ZYRCOMAT 6000MS machine (VITA Zahnfabrik, 
Bad Sackingen, Germany).

A total of 36 experimental three-unit FDPs were 
milled with different connector configurations and 
materials and can be divided into six groups as fol-
lows in Table 1.

All 3-unit FDPs were cemented on the metal die us-
ing U200 resin cement (3M ESPE, Seefeld, Germany). 
The static load test was carried out using a univer-
sal testing machine (Model Instron 5566; Intron Ltd., 
Buckinghamshire, England) to assess the fracture 
load of the 3-unit FDPs. The vertical load was trans-

ferred through a 5 mm diameter steel ball at the cen-
ter of the pontic at a cross-head speed of 1 mm/min 
until the fracture of the specimen occurred (Fig. 3). 
The fracture loads were collected and then statisti-
cally analyzed using two-way ANOVA and Tukey’s test 
in SPSS v26.0 (IBM Corp., Armonk, NY, USA). The frac-
ture characteristics of the fracture specimen were ob-
served. Then, fractography was analyzed by scanning 
electron microscopy (Model JSM-6610LV; JEOL Ltd., 
Tokyo, Japan).

RESULTS

Fracture loads are presented in Table 2. The mean 
fracture loads of 3Y-TZP were 2740.6 ± 469.2 N for a 
size of 4 × 2.25 mm, and 2718.7 ± 339.0 N for size 
3 × 3 mm. The mean fracture loads of 4Y-TZP were 
1868.3 ± 281.6 for size 4 × 2.25 mm, and 1663.6 ± 
372.7 N for size 3 × 3 mm. The mean fracture loads of 
5Y-TZP were 1588.0 ± 255.0 for size 4 × 2.25 mm, and 
1559.1 ± 110.0 N for size 3 × 3 mm.

Two-way ANOVA (Table 3) showed that the fracture 
load was significantly different among the different 
zirconia types. Moreover, the fracture load was not 
significantly different by connector configurations 4 
× 2.25 and 3 × 3 for the three groups (3Y-TZP, 4Y-TZP, 
and 5Y-TZP) (P > .05), and there was no interaction be-
tween the two factors. Tukey’s post hoc test showed 
that the fracture loads in 4Y-TZP (P < .05) and 5Y-TZP 

Table 1. Overview of the different groups of specimens

Group Name Connector 
configurations (mm)

Type of 
zirconia

I Katana ML® 4 × 2.25 3Y-TZP
II Katana ML® 3 × 3 3Y-TZP
III Katana STML® 4 × 2.25 4Y-TZP
IV Katana STML® 3 × 3 4Y-TZP
V Katana UTML® 4 × 2.25 5Y-TZP
VI Katana UTML® 3 × 3 5Y-TZP

Connector configurations
4 × 2.25 mm 3 × 3 mm

Fig. 2. Different types of connector shapes.

Fig. 3. Position of the 5 mm steel ball on the fixed dental 
prostheses.
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were significantly lower than those in 3Y-TZP. No sig-
nificant difference was found between 4Y-TZP and 
5Y-TZP (P > .05) (Table 3). 

All zirconia bridges revealed catastrophic bulk frac-
tures. The fracture pattern was found to be the same 
for all groups. Most of the fractures were associated 
with fractures that initiated from occlusal surfaces 
of the pontic and extended to the bottom of the con-
nector at mesial and distal portions of connector. The 
fractures always occurred in the base of the connec-

tor, spreading to the margin of the crown, which was 
less thick. Crown fractures in the second molar were 
mostly found on the lingual side (72.2%), and some 
were found in the second premolar on the buccal side 
(41.7%) (Fig. 4). The margin of molar crown thickness 
at buccal was 0.9 mm and at lingual was 0.8 mm. The 
margin of premolar crown thickness at buccal was 
0.8 mm and at lingual was 0.9 mm. The fracture was 
observed in a plane perpendicular to the occlusal 
surface of the pontic. The fracture surface examina-

Table 2. The fracture load of zirconia three-unit FDPs (N ± SD)

Zirconia
Connector configurations

Mean fracture loads (N) ± SD
4 × 2.25 mm 3 × 3 mm

Katana ML (3Y-TZP) 2740.6 ± 469.2 A,a 2718.7 ± 339.0 A,a

Katana STML (4Y-TZP) 1868.3 ± 281.6 B,b 1663.6 ± 372.7 B,b

Katana UTML (5Y-TZP) 1588.0 ± 255.0 B,c 1559.1 ± 110.0 B,c

Within the same connector size (vertical column), the values marked by the same superscript uppercase letter are not significantly different (P > .05).
Within the same zirconia type (horizontal row), the values marked by the same superscript lowercase letter are not significantly different (P > .05).

Table 3. Results of Two-way ANOVA
Type III SS df MS F Sig

Zirconia 9208559.42 2 4604299.71 43.82 < .001
Connector size 65266.63 1 65266.63 0.62 .44
Zirconia × connector size 643680.17 2 32184.09 0.31 .74
Error 3151921.71 30 105064.06
Total 159828043.00 36

Fig. 4. Typical fracture in each group (Each group showed lingual, occlusal, and buccal view, respectively).

Zirconia Fracture characteristic
4 × 2.25 mm 3 × 3 mm

Katana ML

Katana STML

Katana UTML

Connector configurations
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tions show the general direction of crack propagation 
as evidenced by the origin point, and hackles can be 
mapped on the fractured parts. The fracture started 

from the occlusal surface of the pontic and propagat-
ed toward the bottom of the connector (Fig. 5, Fig. 6, 
Fig. 7).

Fig. 5. Fracture direction mapping at 
occlusal compress site. (A) Side view of 
fracture, (B, C) Occlusal view of the bulk 
fractured specimen, SEM images: (D) 
Overview of the fractured part at low 
magnification (× 16), (E, F) Detailed view 
at high magnification (× 50, × 100): 
black arrow represents the direction of 
crack propagation.

Fig. 6. Fracture direction mapping at 
mesial connector site. (A) Side view of 
fracture, (B, C) Occlusal view of the bulk 
fractured specimen, SEM images: (D) 
Overview of the fractured part at low 
magnification (× 16), (E, F) Detailed view 
at high magnification (× 50, × 100): 
black arrow represents the direction of 
crack propagation.

Fig. 7. Fracture direction mapping at 
distal connector site. (A) Side view of 
fracture, (B, C) Occlusal view of the bulk 
fractured specimen, SEM images: (D) 
Overview of the fractured part at low 
magnification (× 16), (E, F) Detailed view 
at high magnification (× 50, × 100): 
black arrow represents the direction of 
crack propagation.

J Adv Prosthodont 2023;15:171-8Effect of connector configuration on the fracture load in conventional and translucent zirconia 
three-unit fixed dental prostheses



176 https://jap.or.kr

The Journal of Advanced Prosthodontics

DISCUSSION

This in vitro study was designed to mimic the anatom-
ic configuration of teeth in order to more accurately 
model anatomic stressors and more consistently eval-
uate risk factors for the fracture of three-unit FDPs.4 A 
bar design that follows the mathematical beam theo-
ry does not reflect any clinical significance. Generally, 
a test design with immovable supports usually results 
in a higher load bearing capacity, overestimating the 
capability of the material.8 In addition, model Co-Cr 
was used as the supporting structure due to its high 
modulus of elasticity. Therefore, it may lead to a high-
er value of fracture load than the clinical estimates.

In this study, there was a significant difference be-
tween conventional (3Y-TZP) and translucent zirco-
nia (4Y-TZP, 5Y-TZP) in fracture load. Generally, con-
ventional zirconia contains 0.5 to 1.0% wt Al2O3 and 
3 - 6% Y2O3. Translucent zirconia with reduced Al2O3 
content and increased Y2O3 content improved the op-
tical properties, whereas these factors also reduced 
the mechanical properties.11,12 This phenomenon 
can be explained by Kolakarnprasert et al .,13 who re-
ported that 3Y-TZP, 4Y-TZP, and 5Y-TZP have average 
grain sizes of 0.6 ± 0.03, 2.8 ± 0.2, and 4.1± 0.9 µm, 
respectively. These findings are in line with the yttria 
content and cubic proportion since cubic grains are 
noticeably larger than tetragonal grains. The zirconia 
transformation toughening mechanism can be im-
pacted by grain sizes that are too small (in the 200 nm 
range). The majority of the grain size is larger than 
1 µm, and the simultaneous t → m transformation 
upon cooling from the sintering temperature can re-
duce the strength of 3Y-TZP.14 Therefore, a grain size 
too large or too small will affect the strength of the 
zirconia. Additionally, larger grain sizes also result in 
a decrease in the grain boundary, which results in re-
duced light scattering.15 Thus, the high translucency 
of large grain sizes relies on light scattering.

However, in this study, translucent zirconia (4Y-TZP, 
5Y-TZP) was not found to have any difference in frac-
ture loads. However, 4Y-TZP had 8.5 wt% Y2O3 content 
and no detectible Al2O3, and 5Y-TZP had 9.5 wt% Y2O3 
content and < 0.01 wt% Al2O3.13 In fact, increasing the 
translucency results in a decrease in strength. There-
fore, three-unit fixed dental prostheses are more eas-

ily fractured when translucency is increased. The ad-
vantages and disadvantages of each material should 
be considered before the final decision is made for 
appropriate clinical performance to achieve the best 
success rate and longevity of the restorations.

For strength, the connector used in the posterior 
bridge should have a cross-sectional area of more 
than 9 mm2.7,10 The fracture load decreased as the 
cross-sectional area of the connector decreased. Sev-
eral studies have suggested that the connector di-
mension should be larger vertically than horizontal-
ly.6,7,16-18 However, clinically, it is already difficult to 
achieve a connector that is larger in the vertical direc-
tion than in the horizontal direction unless the space 
for hygiene is compromised. Additionally, this study 
was challenged by reducing the vertical height be-
cause it is difficult to design a connector to be vertical 
rather than horizontal due to Asian people’s typically 
having short posterior teeth. In the present study, a 
connector cross-sectional area of 9 mm2 can be used 
for three-unit fixed dental prostheses. Therefore, in 
this study, we adopted a cross-sectional area of 9 
mm2 with connector configuration sizes of 4 × 2.25 
mm and 3 × 3 mm. The mean fracture load ranged 
from 2740.6 - 1559.1 N. The maximum occlusal force 
was 250 - 400 N in the posterior teeth,19 and other au-
thors20,21 suggested that parafunctional occlusal force 
was assumed to be 500 - 880 N. Therefore, the frac-
ture load in this study was over 880 N in all groups 
with a cross-sectional area of 9 mm2. There was no 
significant difference among connector configura-
tions. In the present study, a connector cross-section-
al area of 9 mm2 can be used for three-unit fixed den-
tal prostheses in posterior teeth.

The connector area was the most influential factor 
in fractures.6,7,10,18,22 The fracture rate was relatively 
high in three-unit fixed dental prostheses around the 
connector area. The location of the fracture indicates 
that fractures are initiated by tension at the cervical 
margin or gingival embrasure of the connector. Ac-
cording to a previous study, a gingival embrasure was 
the site of connection fracture initiation. They con-
cluded that using a larger radius of curvature at the 
gingival embrasure decreased the magnitude of ten-
sile stress and improved the fracture resistance of the 
FDPs.6 However, in the present study, it was fractured 
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at the pontic and crown rather than the connector 
area. Although no fracture was discovered at the con-
nector if the connector was strong enough, this study 
discovered a destructive fracture on the occlusal side 
as a result of the contact between the round ball and 
the pontic. Additionally, it was found that second mo-
lar crown fractures were predominantly found on the 
lingual side, while second premolar crown fractures 
were mostly found on the buccal side. The margin is 
seen as the weak component, which is perhaps why 
the restorations’ margin failed by 25.7%. As a result of 
its thin restoration thickness, this region is prone to 
breaking.23 Undoubtedly, a sufficient thickness of the 
zirconia material in all of these areas must be provid-
ed to ensure an adequate functional life of the resto-
ration.

This study’s limitations are that it only performs 
height-reduced connection configuration testing. 
Moreover, the absence of the periodontal ligament 
and the metal alloy abutment, which differed from 
that of natural teeth, did not accurately reflect the 
clinical environment. For FDPs in the posterior region, 
a higher flexural strength is required to counteract 
the greater occlusal force. The use of zirconia mate-
rials for 3-unit FDPs in the posterior region appears 
promising considering the results of this study. How-
ever, repetitive dynamic functional loading or aquatic 
environmental conditions were not mimicked in the 
present study. In addition, all loads in this study were 
applied axially to the pontic center. Variations in the 
shape of failure in 3-unit zirconia FDPs may be caused 
by the clinical contact surfaces on the pontic and ad-
jacent abutments. As a result, there may be some 
discrepancy between the results and the values mea-
sured intraorally. Although it is difficult to compare 
the results obtained with the data from clinical trials, 
it is possible that a connector with a cross-section-
al area of 9 mm2 is practical. Therefore, future stud-
ies should concentrate on connector configurations 
that are wider rather than higher and should be per-
formed in an oral environment.

CONCLUSION

The fracture loads of three-unit fixed dental prosthe-
ses were significantly affected by the type of zirconia. 

The fracture loads of conventional zirconia were sig-
nificantly higher than those of translucent zirconia. 
However, it was not affected by the connector con-
figuration when the connector had a cross-sectional 
area of 9 mm2.
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