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Abstract 
Background: Adhesive systems are constantly subjected to mechanical and chemical stresses that negatively impact 
the integrity and durability of the dentine-adhesive interface. Despite the lack of evidence to support or reject the 
clinical indication for mechanical retention, the potential further contribution of these preparations to the behavior 
of the composite resin-sound dentine bond has been rarely addressed. The authors evaluated by finite element 
analysis the effect of mechanical retention on the magnitude and distribution of stresses in a composite resin-sound 
dentin bonding interface when subjected to tensile and shear forces. 
Material and Methods: A three-dimensional model was created based on three cylindrical volumes representing the 
sound dentin, adhesive system, and composite resin. From this main model, two models were designed to simulate 
dentine bonding: 1) a model with no mechanical retention, which considered flat adhesion; and 2) a model with 
retention, which considered four hemispherical holes on the dentine surface. Both groups were subjected to linear 
static analysis under tensile and shear loading of 200N. 
Results: At the model with retentions’ bonding interface under tensile and shear loading, a concentration of Von 
Mises equivalent stress was observed within the retentions, with a reduction of those stresses on the bonding boun-
dary surface. 
Conclusions: Additional mechanical retention increases the tensile strength of the sound dentin-composite resin 
bonding interface, promoting a decrease in the magnitude of the stresses and their redistribution under tensile and 
shear loading.
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Introduction
The adhesion of composites to dental tissues has pro-
ven to be a successful technique for dental restoration 
when teeth are affected by decay or trauma (1). The lack 
of retention does not seem to be the main cause of the 
premature loss of bonded restorations (2). The survival 
of these restorations and their adhesion values differ de-
pending on the tissue involved and its location (3). This 
difference is especially critical at the level of exposed 
cervical dentine due to stress concentration (4) and to 
changes in the nature of the substrate over time (5), as 
its adhesion values are lower compared to enamel and 
sound dentine (6). 
Adhesive systems are constantly subjected to mecha-
nical and chemical stresses that negatively impact the 
integrity and durability of the dentine-adhesive interface 
(4,7). Despite the progress made in the development of 
new adhesive systems and strategies to overcome these 
limitations (8,9), our knowledge of the behavior of the 
interface over time remains limited. In fact, high varia-
bility is found among the results reported by different 
laboratory studies (8,9), and their correlation with the 
clinical behavior of cervical restorations has not been 
sufficiently established (10). 
The presence of exposed dentine is generally associa-
ted with a set of lesions known as non-carious cervical 
lesions (NCCL) (11). Currently, their prevalence is in-
creasing, and they occur in direct relationship with age 
(12). Recently, survival studies in class V restorations 
identified certain risk factors strongly associated with 
the early loss of NCCL restorations (13), one of which 
is cavity preparation design, which in turn must consider 
not only the type of substrate but also the stress concen-
tration to which it is subjected. Therefore, some authors 
as Brackket et al. (14) have suggested performing addi-
tional mechanical retention. 
The rational use of additional mechanical retention to im-
prove resistance at the cervical level could lead to much 
more conservative and less invasive restorations than the 
cavity preparation designs suggested for the treatment 
of class V lesions (15). The same approach could be 
applied during the replacement of cervical restorations, 
a procedure that is associated with a significant increase 
in the size of the original preparation (15).
In general, research has focused primarily on the study of 
new adhesive systems that overcome the limitations im-
posed by the substrate (1). However, due to the importan-
ce of the biomechanical features involved in the behavior 
of the bonding interface and the difficulty of determining 
this behavior clinically, it requires mathematical models 
able to accurately replicate the clinical reality (16).
Thus, through the use of FEM it is possible to obtain 
reliable information related to tensile, compressive, and 
shear stresses, or the combination of these, as a result of 
the behavior of the model under an applied load (17).

Despite the lack of evidence to support or reject the cli-
nical indication for mechanical retention, the potential 
further contribution of these preparations to the beha-
vior of the CR-SD bond has been rarely addressed. Thus, 
the aim of this study was to evaluate by finite element 
analysis, in three dimensions, the use of hemispherical 
mechanical retention cut into dentine in relation to the 
reduction of the magnitude and distribution of stresses at 
the composite-dentine interface when subjected to tensi-
le and shear forces.

Material and Methods 
-CAD/FEA Model
A three-dimensional (3D) model was developed to analy-
ze the magnitude and distribution of the shear and tensi-
le stress loads on the CR and dentine-bonding interface 
when mechanical retentions are cut into the dentine. The 
analysis was based on a simplified model of 3 cylinder 
volumes that represented each element as follows: den-
tine (8 mm in diameter and 2 mm in thickness), adhesive 
(4 mm in diameter and 10 µm in thickness), and CR (4 
mm in diameter and 2 mm in thickness). These models 
were designed using the software CATIA (V5R16 Das-
sault Systèmes, Versailles, France) and saved in a neu-
tral format (.stp) for easy export to the analysis software. 
For our purposes, the analysis was circumscribed to the 
marked area in the figure 1.

Fig. 1. A) Model without retentions (NRM); B) Model with reten-
tions (RM). In red is marked the analyzed area.

Considering the geometry representing the interface, the 
following two experimental models were developed to 
simulate the different adhesion conditions: 
- Model with no mechanical retentions (NRM): This 
model considers only adhesion on a flat surface with no 
additional mechanical retentions (Fig. 1A).
- Model with retention (RM): This model considers in 
its geometry 4 cylindrical holes in the dentine surface 
(Fig. 1B), each ending in a hemisphere that is 1 mm in 
diameter and 1 mm deep, such that the resin penetrates 
inside of the dentine to generate a RM effect preventing 
its dislodgement. 
The model simulation was performed by exporting the 
models into the finite element software Ansys Work-
bench v.14 (Ansys Inc., Canonsburg, PA, USA), and the 
structures for static analysis were considered isotropic, 
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homogeneous, flexible, and linearly elastic. The elastici-
ty modulus and Poisson coefficient were obtained from 
the literature (18,19) (Table 1). 
Additionally, the solid cylinders of dentine and CR were 
meshed with SOLID185-type tetrahedral elements and the 
adhesive surface with quadrilateral elements and triangu-
lar SHELL181-like membranes (20) For the RM, 149266 
elements and 29497 nodes were obtained; for the NRM, 
the result was a total of 129258 elements and 24945 no-
des. To obtain convergent results, the adhesive surface 
was refined considering 0.1 mm to be the maximum size 
of the elements, and the solid components of the dentine 
and CR were refined in the area near the interface with a 
maximum element size of 0.2 mm (Fig. 2).

Layers Young’s modulus 
(GPa)

Poisson Ratio

Composite Resin 11 0.3

Adhesive System 4.5 0.3

Sound Dentine 25 0.2

Table 1. Mechanical properties of each model’s layer.

Fig. 2. Discretization of the resin-adhesive-dentin layers in A) RM, 
B) NRM and C) the final assembled model.

With the aim of understanding the effect of the mecha-
nical retentions on the different elements in the model, 
the simulation was performed to obtain the stress load 
generated when the model was subjected to shear and 
tensile loading. To compare the resulting stresses, a 
shearing load of 200N obtained from the literature (21) 
was applied to the composite resin surface at 1 mm of 
separation from the dentine-CR bond interface in both 
the RM and NRM; in addition, simulations with a 200N 
(21) tensile load were performed to test the adhesive 

capacity. The contacts between dentine-adhesive and 
adhesive-CR were considered bonded. 
The analyses with Von Mises equivalent stress were per-
formed through graphical visualization of colors map to 
compare the models, describing the images both quanti-
tatively and qualitatively. All graphic scales were stan-
dardized. 

Results
-Stresses due to shear load
According to the results obtained from the analysis for 
the applied load condition, it is possible to find a de-
crease of Von Mises equivalent stress in the dentine and 
composite resin of the RM. However, an increase could 
be observed in the stress on the adhesive layer at the 
inner of the retention area (Table 2). 
-Stresses due to tensile load
The Von Mises equivalent stress values generated on the 
RM when applied tensile load tends to increase in all its 
components compared to the NRM (Table 3). Also, it 
can be observed a stress at the interface of the retention 
model under shear and tensile loading and its magnitude 
is expressed in table 4.
Additionally, under tensile and shear loading in the RM, 
a redistribution of the maximum stresses was identified at 
the bonding interface, decreasing on the surface of the ad-
hesion area and concentrating in the interior of retentions 
(Fig. 3). In the NRM, the maximum interfacial stresses 
were concentrated at the boundary of the adhesion area. 
Nonetheless, under tensile loading, a decrease in maxi-
mum stresses is also observed at the interface of the ad-
hesion area in the RM, where stresses also decrease on 
the load-bearing adhesive plane (Fig. 3).

Model Dentin

(MPa)

Adhesive

(MPa)

Composite

(MPa)

RM 39.52 7.34* 153.14

NRM 41.79 4.35* 231.10

Table 2. Magnitude of Equivalent Von Mises stress on each layer 
under shear load.

* Maximum stress values generated in the areas of retention.

Model Dentin

(MPa)

Adhesive

(MPa)

Composite

(MPa)

RM 15.72 2.87* 27.98

NRM 15.56 2.13* 25.89

Table 3. Magnitude of Equivalent Von Mises stress on each layer 
under tensile load.

* Maximum stress values generated in the areas of retention.
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Table 4. Equivalent Von Mises stress values at the interface in both 
models.

Load type RM (MPa) NRM (MPa) % stress 
reduction

Shear 4.32 4.35 0,73%
Tensile 1.77 2.13 16,9%

Fig. 3. Distribution of equivalent Von Mises stress the dentin, ad-
hesive and resin layers under shear load A) RM; B) NRM and under 
tensile load C) RM; D) NRM.

Discussion
While the current state of development allows the use 
of adhesive restorative materials without mechanical re-
tention as a primary source of adhesion, the continued 
integrity of the bonding interface over time is affected 
by, among other factors, the distribution of the stresses 
to which it is subjected (4). Some authors have sugges-
ted the use of additional mechanical retention, especially 
in the areas of greatest stress concentration and low ad-
hesion (22). However, the role of mechanical retention 
in dentine has not been adequately studied in relation to 
any adhesive system.
 As a first approach in the search for evidence, we have 
resorted to the use of FEM, which has proven to be a 
suitable method of performing clear and objective tests 
on the biological systems proposed as the object of stu-
dy (17,23). Our study shows that when shear loading is 
applied on the RM, the equivalent Von Mises stress de-
creased in both composite resin and dentine; however, 
they increase in the adhesive that covers the interior of 

the retentions, which may be due in part to the material 
change caused by including retentions. 
However, in the same model under tensile loading, the 
equivalent Von Mises stress increased in all the layers, 
which could be explained by the increased contact area 
provided by the holes. Likewise, a decrease in the stres-
ses was observed at the RM interface for both types of 
loading, which could also be explained by the above 
factors.
Despite the results observed in this study, Heintze and 
Rousson (24) argue that the tensile test has greater cli-
nical significance, although the value of tensile strength 
at the interface obtained in our study (16.9%) is interes-
ting. Recent long-term clinical studies of old adhesive 
systems with much lower adhesion values than current 
systems revealed high restoration longevity (13). The-
refore, obtaining higher adhesion force in the adhesive 
system does not seem to be the primary factor in good 
clinical performance over time.
Interestingly, with both types of loading, a redistribu-
tion of stresses in the adhesion area can be observed, 
concentrated within the mechanical retentions cut in the 
dentine. In this way, the remaining load-bearing bon-
ding interface area increases in strength and reduces the 
stress concentration at the margins. This development 
would preserve the integrity of the interface, decreasing 
the tendency to adhesion failure (7), and simultaneously 
represent a contribution in obtaining and maintaining a 
good marginal seal, which would improve the long-term 
performance of restorations by minimizing microleaka-
ge and its consequences, such as postoperative sensitivi-
ty, discoloration, pulp inflammation, and caries (2).
The results obtained through FEM in this study revealed 
that mechanical retention favors a redistribution of such 
stresses and a decrease of their magnitude in the bonding 
interface, thereby helping to maintain integrity. Howe-
ver, these results should be treated with caution due to 
the inherent limitations of the models. Several factors 
can affect dentine adhesion, including the sensitivity of 
the technique and the degree of dentinal mineralization 
and sclerosis (25), the surface of which can present a 
very different composition from sound dentine (26).
Although cervical lesions in the mouth present much 
more complex configurations that vary in the form and 
amount of tissue involved, in this study the design of a 
single flat surface model for the simulations was inten-
ded to facilitate the analysis and interpretation of fin-
dings. Therefore, it would be interesting to obtain further 
evidence regarding the behavior of the bonding interface 
when a RM is prepared. Obtaining such evidence would 
require considering other designs, incorporating various 
approaches, and using non-linear analysis to more accu-
rately replicate clinical reality (16). 
Even so, the convenience of using additional retentions 
involves first addressing certain aspects such as postope-
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rative sensitivity, component integrity, and the functio-
nal- biological preservation of the pulp; the findings of 
such studies would improve our knowledge of the op-
timal number and configuration for the preservation of 
both the structural and biological integrity of the tissues 
involved and the stability of the interface. Only then will 
it be possible to better judge the relevance of their incor-
poration in the treatment of cervical lesions in exposed 
dentine.
Within the limitations of the study, it can be concluded that 
mechanical retention seems to favor a redistribution of such 
stresses and a decrease of their magnitude in the bonding 
interface, thereby helping to maintain the integrity.
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