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Abstract
Aim- The current study sought to assess the fracture strength 
of thin monolithic zirconia crowns of varying thickness and fin-
ish line configuration.
Study design- The current study was carried out to evalu-
ate and compare the fracture strength of monolithic zirconia 
crowns with chamfers and radial shoulder finish lines of 0.5, 0.8, 
and 1.1 mm thickness.
Result- Monolithic zirconia crowns with merely 0.5 mm reduc-
tion demonstrated adequate strength for use in posterior areas. 
On evaluation and comparison it was observed that no statisti-
cally significant difference was found in the fracture strength of 
monolithic zirconia crowns with different thicknesses and finish 
lines was investigated.
Conclusion- The 0.5 mm thickness of monolithic zirconia 
crowns demonstrated significant fracture resistance to with-
stand physiological performance, regardless of finish line type.
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Introduction
The ideal restoration of a tooth follows form, func-

tion and esthetics. The new approach in restoration 

dentistry is focused on the esthetics. For this, various 
materials have been introduced in dentistry that de-
mands less reduction of natural tooth structure. The 
current research work was undertaken to assess one 
such dental material, i.e. monolithic zirconia crown. 
In addition to its superior esthetics Zirconia crowns 
gained popularity because of greater biocompatibil-
ity and fracture resistance. Its fracture efficiency in 
terms of in an in-vitro context, different thicknesses 
and configurations of finish lines were evaluated. As of 
now, this is the strongest esthetically and biologically 
accepted dental material.[1]

The minimally invasive dentistry is an evidence 
based approach for the tooth restoration that requires 
a material which provide equivalent strength in as 
minimum thickness as possible. A uniform thickness 
is required to avoid any concentration of stress on the 
crown. It is reported that for any restoration or pros-
thesis, the design determines its durability and resis-
tance from fracture. The available literature data states 
that the fracture forces are buffered and balanced by 
the crown thickness at the finish line.

A modified design in conventional ceramic tooth 
preparation was proposed to avoid stress concentra-
tion over the finish line. So the radial shoulder on 
buccal and narrower finish line on proximal and on 
lingual is suggested. [2] It was believed that this prepa-
ration could aid in conserving the tooth structure, sur-
rounding peridontium, tooth anatomy and esthetics. 
However, limited data is retrieved as evidence to sup-
port the considerable durability of minimally invasive 
technique and finish line in monolithic zirconia resto-
rations.[3] In an in-vitro context, different thicknesses 
and configurations of finish lines were evaluated.

Method
A premolar tooth was used to receive monolithic 

zirconia crown in the current study. A total number of 
48 premolars were prepared and further divided into 
six groups on the basis of different preparation designs 
(thickness and finish line). (n=8 per subgroups) (Fig-
1). Each typhodont tooth was prepared as per spec-
ification by customized bur made according to the 
thickness and then confirmed by the digital caliper 
which measure the thickness.

Group 1 -thickness 1.1mm, R: radial shoulder fin-
ish line. [Control]
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Group 2 -thickness 1.1mm, C: chamfer finish line. 
[Control]

Group 3 -thickness 0.5mm, R; radial shoulder fin-
ish line.

Group 4 -thickness 0.5mm, C: chamfer finish line. 
Group 5 -thickness 0.8mm, R: radial shoulder fin-

ish line. 
Group 6 -thickness 0.8mm, C: chamfer finish line. 

The prepared typhodont was scanned by a 3D 
scanning device. 8 monolithic zirconia crowns was 
designed for each group. Therefore, a total of 48 
crowns was designed and sintered in this present 
study. The prepared teeth’s CAD file was then trans-
ferred into the milling machine and 48 respective 
zirconia crown were milled using a millingmachine. 
After that, the durability of human peridontium was 

Figure. 1- Tooth Preparation as per specification

FIGURE 1A. 1.1 mm Thickness with 2 different finish line i.e. Radial Shoulder and Chamfer. (Control)

   
FIGURE 1B. 0.5 mm Thickness with 2 different finish line i.e. Radial Shoulder and Chamfer.

   
FIGURE 1C. 0.8 mm Thickness with 2 different finish line i.e. Radial Shoulder and Chamfer.
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replicated by coating the tooth roots with a 1mm 
polyether layer and the teeth was than positioned 
in resin blocks. 48 monolithic zirconia crowns were 
cemented using Resin based Adhesive system. After 
cementation, each group of 48 specimens underwent 
thermocycling. 5 years of intraoral usage was mod-
elled using TCML parameters that were selected. 
Ageing process that alternated between heating them 
in an autoclave & simulating them as on chewing in a 
loading mechanism. 

All crowns that had survived the ageing process 
were put through a quasi-static load test in UTM (Uni-
versal Testing Machine) until they fractured. A hori-
zontal cylinder of stainless-steel stainless steel with a 

12-mm inner diameter was used to provide axial force 
to the central occlusal fossa. A 2 mm thick rubber 
disc was put between the crown and the indenter to 
provide even load distribution on the occlusal surface 
between the cusps. The load was increased at 0.5 mm/
min until it cracked, at which point the load was re-
corded. The maximal fracture load was measured for 
fracture resistance. 

The measurements were tabulated as fracture 
load of varying thicknesses and configuration of fin-
ish lines. A mean standard deviation (S.D.) was used 
to summarize & evaluated for each group. The mean 
fracture strength values were compared between dif-
ferent groups by unpaired t-test. 

Study Design

Tooth Preparation

Scanning of Prepared Teeth Fabrication of Monolithic Crown

Fabrication of Resin Teeth

Positioning of Resin teeth with Monolithic Crown on Resin Blocks

Crown cementation Thermocycling and mechanical loading

Fractured strength measurement using Universal Testing Machine

Statistical analysis.

Group 2 
thickness 
1.1mm,

C: chamfer 
finish line.

Group 1
thickness 
1.1mm,

R; radial 
shoulder finish 
line.(control)

Group 6
thickness 
0.8mm,

C: chamfer 
finish line.

Group 5
thickness 
0.8mm,

R; radial 
shoulder finish 

line.

     Group 4

thickness

0.5mm, 
C: chamfer 
finish line.

Group 3
thickness

0.5mm,

R; radial 
shoulder finish 

line.

N=48
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Results
The average fracture load of Monolithic Zircona 

crown is 2,969 N.[4] The fracture resistance of mono-
lithic zirconia crowns is mentioned in this paper with 
an average fracture load of 1834.88N, 2220.13N for 1.1 
crowns with radial shoulder and chamfer finish line 
respectively, 1544.25 N, 1272.38 N for 0.5mm crowns 
with radial shoulder and chamfer finish line respec-
tively and the average fracture load of 1449.38 N and 
1325.38 N for 0.8 mm crowns with radial shoulder and 
chamfer finish line respectively as depicted in (Table 
2) second table. The overall fracture strength amongst 
these groups were non-significant as compared to the 
other samples. 

Group 1 specimen (control) was compared with 
Group 3 (p = 0.175) and Group 5 (p= 0.102) as 
depicted in Table 3 A & B and no significant differ-
ence was found. Similarly, in Table 4 A & B Group 
4 (p=0.098) and Group 6 (p=0.133) were compared 
with Group 2 (control) and no significant difference 
was found. Likewise when Group 1 & 2 (p=0.131), 

Group 3 & 4 (p=0.175) and Group 5 & 6 (p=0.217) 
were compared non-significant results were obtained. 
Table 5 shows no significant differences in the thick-
ness (1.1mm, 0.5mm, and 0.8mm) and finish lines 
(chamfer and radial shoulder) of monolithic zirconia 
crowns (p value >0.05).

The results obtained were non-significant ( >0.05). 
Therefore, a conservative procedure of minimal tooth 
preparation of 0.5 mm thickness is preferred along 
with chamfer finish line, as it proved to bear maxi-
mum occlusal load.

Discussion
Innovation in restorative materials for dental treat-

ment allows for efficient procedures with longer-last-
ing results. All ceramic restorations have grown in 
favour as the importance of aesthetics and biocom-
patibility has grown.[5] Monolithic Zirconia crowns 
introduced in early 2000’s, are a preferred choice for 
restoration with all ceramic prosthesis. Monolithic 
crowns which are prepared from ceramics exhibit low 

Table 1
Fracture strength of thin monolithic zirconia crowns

Radial shoulder and chamfer finish line 
(1.1mm)

Radial shoulder and chamfer finish line
(0.5mm)

Radial shoulder and chamfer finish line
(0.8mm)

Fracture load (N)

Group-A (Radial 
Shoulder)

Group-B Group-C Group-D Group-E Group-F 
(Chamfer) (Radial Shoulder) (Chamfer) (Radial Shoulder) (Chamfer)

1,870 2,525 747 550 1,470 969
1,974 2,675 2,140 625 1,163 1,321
2,048 1,611 1,866 971 1,322 1,375
2,020 2,409  1,647 839 1,474 1,411
1,596 2,489 2,156 913 1,448 1,280
1,382 2,187 1,353 810 1,620 1,266
1,695 1,778 956 792 1,503 1,203
2,094 2,087 1,489 979 1,595 1,778

Table 2
Mean Value and Standard Deviation Value of Fracture Resistance with Average Fracture Load for thickness with radial shoulder 
and chamfer finish line. 

Minimum Maximum Mean Std. Deviation
Group 1 (1.1, R) 1382.00 2094.00 1834.88 253.31
Group 2 (1.1, C) 1611.00 2675.00 2220.13 376.67
Group 3 (0.5, R) 747.00 2156.00 1544.25 516.10
Group 4 (0.5, C) 1013.00 1625.00 1272.38 214.461
Group 5 (0.8, R) 1163.00 1620.00 1449.38 147.58
Group 6 (0.8, C) 969.00 1778.00 1325.38 227.48

*R- Radial shoulder finish line; C- Chamfer finish line. Group 1&2=control groups.
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0,00

1000,00
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3000,00
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Deviation

1611,00

2675,00
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376,67
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0,00
500,00

1000,00
1500,00
2000,00
2500,00

Minimum Maximum Mean Std.
Deviation

747,00

2156,00

1544,25

516,10

Group 3

0,00

500,00

1000,00

1500,00

2000,00

Minimum Maximum Mean Std.
Deviation

1013,00

1625,00
1272,38

214,46

Group 4

0,00
500,00

1000,00
1500,00
2000,00

Minimum Maximum Mean Std.
Deviation

1163,00
1620,00 1449,38

147,58

Group 5

0,00
500,00

1000,00
1500,00
2000,00

Minimum Maximum Mean Std.
Deviation

969,00

1778,00
1325,38

227,48

Group 6

Table 3 A
Comparison of Mean Strength Value between Group 1 and 
Group 3 using the unpaired t-test. There was no significant dif-
ference in mean strength value between two groups.

Groups Mean Std. De-
viation

Mean 
Differ-
ence

t-test 
value

p-value

Group 1 1834.88 253.31 290.63 1.430 0.175
Group 3 1544.25 516.10

0,00

500,00

1000,00

1500,00

2000,00

Group 1 Group 3

1834,88
1544,25

Mean strength value

Table 3 B
Comparison of Mean Strength Value between Group 1 and 
Group 5 using the unpaired t-test. There was no significant dif-
ference in mean strength value between two groups.

Groups Mean Std. De-
viation

Mean 
Differ-
ence

t-test 
value

p-value

Group 1 1834.88 253.31 385.50 1.719 0.102
Group 5 1449.38 147.58

0,00
500,00

1000,00
1500,00
2000,00

Group 1 Group 5

1834,88
1449,38

Mean strength value
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Table 4 A
Comparison of Mean Strength Value between Group 2 and 
Group 4 using the unpaired t-test. There was no significant dif-
ference in mean strength value between two groups.

Groups Mean Std. De-
viation

Mean 
Differ-
ence

t-test 
value

p-value

Group 2 2220.13 376.67 947.75 1.793 0.098
Group 4 1272.38 214.46

0,00

500,00

1000,00

1500,00

2000,00

2500,00

Group 2 Group 4

2220,13

1272,38

Mean strength value

Table 4 B
Comparison of Mean Strength Value between Group 2 and 
Group 6 using the unpaired t-test. There was no significant dif-
ference in mean strength value between two groups.

Groups Mean Std. De-
viation

Mean 
Differ-
ence

t-test 
value

p-value

Group 2 2220.13 376.67 894.75 5.751 0.133
Group 6 1325.38 227.48

0,00

500,00

1000,00

1500,00

2000,00

2500,00

Group 2 Group 6

2220,13

1325,38

Mean strength value

Table 5 A
Comparison of Mean Strength Value between Group 1 and 
Group 2 using the unpaired t-test. There was no significant dif-
ference in mean strength value between two groups.

Groups Mean Std. De-
viation

Mean 
Differ-
ence

t-test 
value

p-value

Group 1 1834.88 253.31 -385.25 -1.401 0.131
Group 2 2220.13 376.67

0,00

1000,00

2000,00

3000,00

Group 1 Group 2

1834,88
2220,13

Mean strength value

Table 5 B
Comparison of Mean Strength Value between Group 3 and 
Group 4 using the unpaired t-test. There was no significant dif-
ference in mean strength value between two groups.

Groups Mean Std. De-
viation

Mean 
Differ-
ence

t-test 
value

p-value

Group 3 1544.25 516.10 271.87 1.855 0.175
Group 4 1272.38 214.46

0,00

500,00

1000,00

1500,00

2000,00

Group 3 Group 4

1544,25
1272,38

Mean strength value

Table 5 C
Comparison of Mean Strength Value between Group 5 and 
Group 6 using the unpaired t-test. There was no significant dif-
ference in mean strength value between two groups.

Groups Mean Std. De-
viation

Mean 
Differ-
ence

t-test 
value

p-value

Group 5 1449.38 147.58 124.00 1.293 0.217
Group 6 1325.38 227.48

0,00

500,00

1000,00

1500,00

Group 5 Group 6

1449,38 1325,38

Mean strength value
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fracture strength as compared to the crowns that were 
prepared from zirconia. Monolithic zirconia crowns 
show more reliable properties and have a greater 
tendency to withstand occlusal and flexural load. In 
clinical settings, zirconia restorations demonstrate 
improved long-term stability and lesser vulnerabili-
ty to ageing and fatigue effects. The strength is esti-
mated with thermal cycling and, mechanical loading 
test. The preparation design directly depends on the 
strength of material. [6]

The material thickness and design of the prepara-
tion can be influenced by the strength of ceramic ma-
terial. Circumferential tooth reduction of 1-1.5mm, 
occlusal reduction of 1.5-2mm, and uniform shoulder 
reduction of 1.2mm in the finish line are all features 
of all-ceramic materials.[6] However, dental pulp can 
be potentially damaged or stability of the remaining 
tooth structure can be lost due to excessive removal of 
tooth structure. The prepped teeth can be saved using 
minimally invasive methods and a thin restoration.

This study assessed the monolithic zirconia crown 
fracture strength with 0.5mm, 0.8mm and 1.1mm 
thickness in accordance with radial shoulder and 
chamfer finish line.

Weigl P et al[6] and Nakamura K et al (2015)[7], re-
ported a similar studies on 0.5 mm monolithic zirco-
nia crown which showed clinically acceptable fracture 
resistance, surviving the ageing procedure and can be 
used in the posterior region. Similarly Sorrentino R 
et.al. [8] investigated the fracture strength and failure 
mode of zirconia with varying thickness in 2016. 

Juntavee N (2020) [9] did a study to evaluate the 
finish line thickness and collar height of translucent 
monolithic zirconia crowns. They concluded that 
chamfer finish line (light or heavy) showed enough 
strength to withstand maximum occlusal load. 

In year 2019 and 2020 many studies are not in fa-
vour of thin monolithic zirconia crowns. Øilo M et al. 
[10] in 2019 studied the fracture load influenced by the 
thickness of monolithic zirconia restorations after age-
ing. 70 translucent monolithic zirconia crowns with 
chamfer finish line were made for premolars. They 
were separated into 30 and 40 crowns of 0.5mm and 
0.8mm thickness, respectively, with 20 glazed and 30 
polished, and 10 control crowns. Mechanical stress and 
ageing were applied to the remaining crowns. The sur-
viving crowns’ margins were assessed and subjected to 
quasi-static loading until fracture. They came to the 
conclusion that ageing had a greater impact on thin-

walled transparent monolithic zirconia crowns than on 
thick-walled translucent monolithic zirconia crowns.

Likewise Zimmermann M et.al.[11] In 2020, looked 
into the effect of CAD/CAM and sintering techniques 
on the fracture strength of monolithic zirconia resto-
rations of various thickness adhesively seated to ste-
reolithography-fabricated methacrylate dies. They 
discovered that a material thickness of 0.5 mm to 0.8 
mm should be regarded crucial for monolithic zirco-
nia crown restorations.

Likewise, Miura S e.t al. [12] investigated the short-
term failure of monolithic zirconia single crowns in 
2020. According to the findings of this study, mono-
lithic zirconia crowns in the posterior region require 
proper interocclusal clearance.

The effect of thickness reduction and fatigue on 
the failure load of monolithic zirconia crowns is in-
vestigated by Prott LS et al (2021) [13]. They concluded 
that decreasing crown thickness resulted in decreased 
characteristic strength, even when failure loads ex-
ceeded physiological chewing pressures.

Recently, “table-top” crowns introduced as an al-
ternative to complete coverage crowns have been suc-
cessful. Yu H, Zhao Y, Li J et.al. [14] in 2019 advised 
conservative tooth preparation for long-term stability 
of esthetic restorations. [22,23]

Within the constraints of the current study, it is 
possible to conclude that Zirconia Crowns can be used 
with only 0.5 mm thickness with either radial shoulder 
or chamfer finish line configuration successfully. How-
ever, the findings are to be inferred with caution as ran-
domization was not done as per standard guidance.[24]

Conclusion
The purpose of this study was to analyse and 

compare the fracture strength of monolithic zirco-
nia crowns with different and finish lines. The frac-
ture strength of a zirconia crown was not affected by 
modifying the thickness, which was 0.5mm, 0.8mm, 
and 1.1mm with either a radial shoulder or a chamfer 
finish line, according to evaluation and comparison. 
The fracture strength of a 0.5 mm monolithic zirconia 
crown with chamfer finish line was higher, albeit not 
statistically significant, than a 0.5mm crown with ra-
dial shoulder finish line.

Therefore, this study concludes that a conservative 
procedure of minimal tooth preparation of 0.5 mm 
thickness can be incorporated with chamfer finish line 
for fixed dental prosthesis.
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