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ABSTRACT

Purpose: to evaluate by means of three dimensional finite element analysis, the effect of finish 
line location on stress distribution on dentin of maxillary central incisor affected by abfraction le-
sion and covered with IPS e. max (Lithium di silicate) crown. 

Statement of the problem: In some cases of abfraction,  the tooth need to be covered with full 
coverage crown, but, location of finish line may affect dentin integrity.  

Materials and Methods: 3D finite element model of unprepared maxillary central incisor was 
made. By deleting method, IPS e.max crown w as  designed and geometric dimensions of prepared 
tooth were introduced as the following guidelines, 2 mm incisal reduction, 1.5 mm reduction of 
labial surface and 1 mm circumferential shoulder finish line. The position of labial finish line was 
designed in three different levels apical to the upper margin of the abfraction lesion (0.5. 1.0 and 
1.5 mm) forming three models to be tested (A, B and C) respectively in addition to unprepared 
control model. 

Results: For all tested four models, the calculated stresses with 125° applied load were higher 
than that with 60° with statistical significant differences. The calculated stresses at the control 
model in both directions of applied load were lower than that in other tested models (A, B and C) 
with statistical significant differences. For control model at 125° applied load, Von Mises equiva-
lent stress value was (40.27 MPa), whereas, in case of 60° applied load, was (26.33 MPa).  For 
model (A) where the finish line of IPS e.max crown is established 0.5 mm apical to the upper edge 
of the abfraction lesion, Von Mises equivalent stress values were (22.14 & 39.68 MPa) respectively. 

Conclusion: In all tested models, maximum stresses increased with increasing the angle of ap-
plied load, and model (B and C) provided more favorable stress distribution than that in model (A).
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INTRODUCTION 

Abfraction is a popular non carious lesion which 
has been defined as loss of tooth structures in the 
cervical region (usually on the labial side), resulted 
from the effect of continuous occlusal stress, ends 
by loss of bonds between hydroxyapatite crystals of 
both dentin and enamel, followed by formation of 
wedge shaped defect, sharp in its internal and exter-
nal edges. (1-3)

Occurrence of abfraction increases with patient’s 
age, which accompanied with prolonged fatigue of 
tooth structures through a long period of time.(4-5) 
Restoration of abfraction is necessary to reduce 
hypersensitivity, to prevent further tooth structure 
loss, and for esthetic demands. Resin composites 
have been suggested to restore this defect, owing 
to their esthetic properties and to ease of handling 
characteristics. (6-7) However, failure of hybrid layer 
formation can be observed, where, marginal gap of 
the restoration may occur as a result of persistence 
of occlusal load with a possibility of appearing a 
new lesion apical to the first one. (8 - 9) 

In case of abfraction lesion, the tooth need to 
be covered with full coverage restoration, taking 
in consideration that, the site of finish line of the 
prepared tooth may affect the integrity of the tooth 
structures, as well as, used restoration. (10) Finite ele-
ment analysis is more conservative method for stress 
analysis where, stress distribution and its value can 
be analyzed for any part of the simulated model and 
the analysis can be repeated without altering in ma-
terial properties. (11-12) The purpose of this study was 
to evaluate by means of three dimensional finite el-
ement analysis, the effect of finish line location on 
stress distribution on dentin of maxillary central in-
cisor affected by abfraction lesion and covered with 
IPS e. max (Lithium di silicate) crown

MATERIALS AND METHODS

Maxillary right central incisor with 26 mm 
length (free of dental caries, restorations and incisal 
attrition) was selected and fixed at a glass slab (2 X 
2 cm) with a piece of wax. Using dental surveyor, 
the tooth was aligned with their axis perpendicular 
to the horizontal plane of the mold, then, a plastic 
mold (2 X 2 X 3 cm) was assembled over the glass 
slab. Computerized tomography (CT) image was 
performed (CS 9300, Carestream, AGXL012) with 
image quality (120 kV, 150 mA) and slice volume 
of 0.5 mm thickness to divide the tooth into 52 
sections. Scanning was performed in a labio – 
palatal direction starting from the incisal edge up 
to apical foramen to obtain 53 image levels (0, 1, 2, 
3, 4…….52 mm). From Computerized tomography 
scan, 1240 K points were obtained, each K point has 
a three distances, x, y and z. {x: is the distance from 
“X” axis, y: is the distance from “Y” axis, while z, 
is the slice level (0.5 mm increase with each level)}. 
The collected x, y, and z distances were introduced 
into 3D CAD software (PRO/E) for stress analysis 
(ANSYS 5.4 finite element software) to obtain 
finite element model. Then, the model divided into 
cubical volumes. The volumes were digitally refined 
and automatically mashed with eight nodes brick 
for each with three degrees of freedom per nodes 
forming the original model for unprepared tooth 
with its internal morphology including (131294) 
elements and (202464) nodes. 

From the spongy bone volume, 0.25-mm were 
deleted representing periodontal ligament, 0.25-mm 
f o r  lamina dura, and 1.5 mm cortical bone were 
developed. The residual area of bone was consid-
ered as cancellous type (13-14) and a cylindrical bone 
section of 20 mm height and 10 mm diameter was 
modeled. The abfraction lesion is represented in the 
model as a wedge shaped defect, its lower margin 
at the level of cervical line of which dimensions are 
2 mm vertically and horizontally, also with 2 mm 
depth. (10) (The model at this stage representing an 
unprepared tooth which used as a control model). 
Geometric dimensions of prepared tooth were in-
troduced as the following guidelines, 2 mm incisal 
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reduction, 1.5 mm reduction of labial surface and 
1 mm circumferential shoulder finish line. (15) The 
position of labial finish line was designed in three 
different levels apical to the upper margin of the ab-
fraction lesion (0.5, 1.0 and 1.5 mm) forming three 
models to be tested (A, B and C) respectively in ad-
dition to the un prepared control model. The basic 
geometric configurations of IPS e-max crown and 
its dimensions in millimeters in addition to 100 µ 
thickness of resin cement layer were introduced into 
the ANSYS software program. Young’s Modulus, 
and Poisson’s ratio of the tooth components as well 
as the used materials” as seen in table 1”, were in-
troduced to the ANSYS software program which in 
turn calculated stresses under a load of 100 Neotn 
applied at 60° (tearing) and 125° (protrusion) (16) to 
identify maximum Von Mises equivalent stresses 
according to the following formula. Where S1, S2 
and S3 are known as the principle stresses.

{Vm = 1/ √ 2 × √ (S1-S2)2 + (S2-S3)2 = (S3-S2)2}

Finally, percentage of the maximum Von Mis-
es equivalent stress values between each model 
(VMM) and control model(VMC) were obtained.(20) 

The data were collected and statistically analyzed 
by ANOVA one-way test using statistical-package 
of social science (SPSS) statistic software (SPSS for 
windows, version 21.0, SPSS Inc. Chicago).

TABLE (1) Mechanical properties of dental structures 
and used materials

Material Modulus of 
elasticity Mpa Poisson’s ratio

Enamel (17) 84100 0.41

Dentin (17) 18600 0.31

Pulp (17) 2 0.45

Periodontal ligament (18) 68.9 0.45

Cortical bone (18) 13700 0.30

Cancellous bone (18) 13700 0.30

IPS e. max core (18) 65000 0.24

IPS e. max veneer (18) 65000 0.24

Resin cement (19) 18.3 0.33

RESULTS

Based on the results obtained from finite element 
analysis, Von Mises equivalent stress value in dentin 
were listed in table 2.

TABLE (2) Von Mises equivalent stress value in 
dentin with two directions of applied load 
(60° and 125°)

Models Angle Von Mises (MPa)

% VMM / VMC
Control

60° 26.33 

125° 40.27

(A)
60° 22.14 84.08

125° 32.68 81.15

(B)
60° 10.18 38.66

125° 19.59 48.64

(C)
60° 10.16 38.58

125° 19.56 48.56

VMM Von Mises equivalent stress value for each model
VMC  Von Mises equivalent stress value for control model

The loads that have been applied on IPS e.max 
crown which were either at 60° (tearing) and 
125° (protrusion) were analyzed into three stress 
components (shear, tensile and compressive) and 
are present as a color strips or figures for the tooth 
components as well as the used materials” as seen in 
figure 1”. For all tested four models (Control, A, B 
and C) The calculated stresses with 125° (protrusion) 
load were higher than that with 60° (tearing) load 
with statistical significant differences (at the level 
of P value < 0.05). also, the calculated stresses at 
the control model in both directions of applied load 
were lower than that in other tested models (A, B 
and C) with statistical significant differences (at 
the level of P value < 0.05) “as seen in figure 2”. 
For control model where 125° protrusion load was 
applied, the stress value was higher at the top of 
the abfraction wedge shape and then progressively 
distributed along the defect side walls as well as 
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Fig. (1) Finite element models for maxillary central incisor with  different directions of applied load 60° and 125°.

Fig. (2)  Bar chart for Von Mises equivalent stress value in dentin with two directions of applied load (60° and 125°)

Fig. (3) Finite element models for labial margin of all ceramic crown
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the surrounding cervical area of the labial surface 
where maximum Von Mises equivalent stress value 
was (40.27 MPa) , whereas, in case of 60° tearing 
load, stress distribution on the defect was the same 
as previously described but, lower in its value 
where maximum Von Mises equivalent stress value 
was (26.33 MPa), giving an indication for the effect 
of eccentric load on the incidence of this lesion. For 
model (A) where the finish line of IPS e.max crown 
is established 0.5 mm apical to the upper edge of the 
abfraction lesion, stress distribution on the defect 
was the same as previously described in control 
model but, lower in its value for both 60° and 125° 
applied loads (84.08 & 81.15 %) respectively, 
where maximum Von Mises equivalent stress values 
were (22.14 & 32.68 MPa) respectively. The stress 
distribution at the buccal part of finish line increased 
progressively from the lower edge of the abfraction 
lesion toward the lingual side “as seen in figure 3”.

For both (B and C) models where the finish line 
of IPS e.max crown is set 1.0 and 1.5 mm above the 
upper border of the abfraction wedge shaped defect, 
the stress values on the defect have decreased 
significantly for both 60° and 125° applied loads 
(38.66 & 48.64 %) respectively for model (B) and 
(38.58 & 48.56 %) respectively for model (C) where 
maximum Von Mises equivalent stress values were 
(10.18 & 19.59 MPa) and (10.16 & 19.56 MPa) 
respectively. The stress distribution at the finish 
line (buccal) did not spread toward the lingual side 
giving an indication for good stress distribution 
“as seen in figure 3”. Statistically, there was no 
significant differences between model (B) and (C) 
for each direction of applied load.

DISCUSSION

A structural linear static analysis has been 
performed to evaluate the stress distribution at the 
dentin of maxillary central incisor (affected by 
abfraction lesion) with three levels of buccal finish 
line for IPS e.max crown in addition to un prepared 
control model under applied load of 100 N at 60° 
(tearing) and 125° (protrusion).  

In this study, full coverage all ceramic crown has 
been selected as a treatment modality for abfraction 
lesion instead of resin composite restorations 
which may increase plaque accumulation leading 
to harmful effect to the periodontal health with 
high caries susceptibility, in addition to difficulty 
in moisture control with high failure rate for such 
restoration. (21-22)

Lithium disilicate was used as the material of 
full coverage crown due to several factors, first, it 
is esthetically accepted with reasonable modulus 
of elasticity (95 Gpa) in comparison to various 
restorative dental materials, second, mechanical 
testing of strength has proven that, the lithium 
disilicate material demonstrates superior results 
and finally, the strength of the ceramic material in 
contact with opposing teeth, to fulfill masticatory 
functions, is reasonable (23-25).

In this study, computerized tomography was used 
for construction of maxillary central incisor tooth 
model which is valid as a research method from 
different studies (26-27). The finite element results are 
presented as a color strips representing stresses 
distributed in the tested model. The stress transforms 
into three components (tensile, compressive and 
shear), or gathered together in one equation of 
stress known as von Mises equivalent stress value 
which is the most commonly used for calculation 
and expectation of damage that may happen for the 
tested matter. (28-29)

For all tested models, the result of this study 
showed that, in case of 60 ° applied load the stress 
distribution is better than that of 125 ° applied load. 
This results are compatible with that of Chander and 
Padmanabhan (30). On the other hand, the stresses 
concentrated on the all ceramic crown level and 
significantly decreased towards the resin cement 
layer up to the tooth structure in all tested models. 
This is due to the overall mechanical properties of 
the IPS e.max which is high in modulus of elasticity 
(nearly 95 Gpa) than that of resin cement and tooth 
structure, this result is in agreement with other. (31-32) 
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In case of placement of finish line of IPS emax 
press crown 0.5 mm apical to the upper edge of the 
abfraction lesion (model A), stress level at the top of 
the abfraction lesion decreased than that at control 
model. However, the stress was concentrated at the 
top of the lesion. The stress spread from the finish 
line of the ceramic crown, passing through the low-
er edge then through the top of the lesion continu-
ing toward the lingual side. With high possibility of 
crown fracture. This result was in accordance with 
that obtained by other study. (15) In case of finish line 
placement at 1 mm or 1.5 mm apical to the upper 
edge of the lesion (model B and C), the stress was 
also concentrated at the top of the lesion and its val-
ue was lower than that of control model. In addition 
to that, the stress did not spread from the buccal side 
toward the lingual side of finish line. Therefore, the 
possibility of tooth fracture cannot be as high as in 
the previously mentioned models (control and A). 
this is may be due to that, the stress is load divided 
by area, and increased area of the matter leads to 
better stress distribution with lower effect of tensile 
stresses, with the action of ferrule effect. (33)

CONCLUSION

Within the limitation of this study, the following 
conclusions might be drawn:

1.	 In all tested models, maximum stresses gen-
erated by protrusion (125°  applied load) were 
generally higher than that by tearing (60° ap-
plied load).

2.	 IPS emax press crown reduced the stress con-
centration at the top of the lesion, when the fin-
ish line was placed below the lower edge of the 
lesion 

3.	 Model (B and C) provided more favorable stress 
distribution at the cervical area of the tooth than 
that in model (A).

4.	 There were no significant differences in stress 
distribution between model B and model C.
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