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ABSTRACT

The aim of this study was to evaluate the displacement and stress
distribution in the cervical region of a mandibular central incisor
tooth (MCIT) within wedge-shaped lesion simulating abfraction
lesion by means of Laser Speckle (LS) and 3D Finite Element Analysis
(FEA) and then compared. One experimental setup was assembled
with a MCIT attached in resin and submitted to the LS. An increasing
static load from 12.1 to 42.1N was applied in incisal buccal slope at
15° in relation to the tooth's long axis. A 3D numerical model with
linear tetrahedral elements and homogeneous, linear and isotropic
behavior was built with the same boundary conditions of the
experimental setup. The LS present higher displacement in the
wedge-shaped lesion than the FEA, but both had an excellent
agreement in the displacement direction. The LS show a nonlinear
behavior from 32.1N. The FEA has presented higher tensile stresses
at the root dentin. In the FEA cementoenamel junction area, tensile
stress isn't exceeding the enamel's tensile strength, under simulated
conditions. It was concluded that LS is a faster tool and acceptable
when studying the quantitative displacement of the biomechanical
behavior in MCIT, and FEA is appropriate for the quantitative stress
analysis, and both bring important results of the stress and displacement
that are fundamental in planning preventive and restorative approach
in non-carious cervical lesions.

Keywords: speckle, displacement, finite elements, stress, abfraction, tooth.
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1. Introduction:
lesions (NCCL) is

broadly defined as the loss of tooth substance

A Non-carious cervical

that occurs in the absence of carious mechanisms
at the cementoenamel junction (CEJ) of a
tooth! Among them, attrition is defined as the
loss of enamel, dentin, or restoration by tooth-
to-tooth contact. Erosion is the loss of dental
hard tissues by chemical action, not involving
bacteria, and are classified according to the
source of the acid, as either intrinsic (acids
originate in the stomach and are associated
with eating disorders) or extrinsic (acids
contained in dietary components). Abrasion is
the loss of tooth substance from factors other
than tooth contact? Abfraction lesions present
primarily at the cervical region of the dentition
and are typically wedge-shaped, with sharp
internal and external line angles.

A number of theories have arisen to explain
the etiology of abfraction; yet, the real causes
remain obscure, as is reflected by the
contradictory terminology used in literature?
Acidic and abrasive processes have been
documented as etiological factors?, but the
role of mechanical tension from occlusal loads
is the most accepted theory®?, explaining
abfraction as a consequence of tooth deflection
caused by excessive occlusal forces. During
tooth deflection, tensile and compression
forces are generated in the cervical region of
the tooth, causing rupture of the union between
hydroxyapatite crystals, leading to the formation
of a crack and eventually to enamel loss*'° The
cyclic tensile/compression stress may reach a
strength limits and lead a hydroxyapatite crystal
disrupts at the cervical area, rendering it were
susceptible to mechanical and chemical
degradation'

Studies have been attributing the failure of
cervical restorations in the abfraction'®",
because those lesions frequently present
margins located in enamel and dentine, and
associated to the occlusal eccentric forces
represent a challenge for  restoring
procedures' ™ The accumulated stresses in
that area have been told as responsible by the
adhesion failure, allowing the appearance of
rifts and penetration of fluids and bacteria,
that characterize the microinfiltration'®", taking
to the
displacement®'3. The decision in restoring the

defects has the

retention  loss®3141817 and  to
cervical objective of
strengthening the tooth, to reduce the stress
concentration and the flexing, to reduce the
progression of the lesion and the inherent
problems® As the cervical restorations are
subject not only to the masticatory forces, but
also to small occlusal maladjustments or
interferences?, the understanding of the
biomechanics of the forces about the
restorations would facilitate the selection of
materials and it would improve this prognostic®
Therefore, the restoring material should present
mechanical properties to support masticatory
forces and to resist to the wear®'® In general,
the materials more used are the adhesive
systems, the composite resins, the cements of

12,22-24

glass ionomer or a combination of

techniques®%.

Before the exposed, the aim of this study was
the biomechanical behavior analysis of the
abfraction lesion in mandibular central incisor
tooth (MCIT), within wedge-shaped lesion
simulating abfraction lesion, to evaluate the
displacement and stress distribution by means
of Laser Speckle (LS) and 3D Finite Element
Analysis (FEA), and then compared the results,
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advantages and disadvantages of each embedded in order to enable the touch of the

technique to develop a better understanding
of the NCCLs that are fundamental in
planning preventive and restorative approach.

2 Material and Methods

A mandibular central incisor tooth (MCIT) was
cleaned with Gracey periodontal curette 5-6
SP, Brazil) and
immersed in distilled water at 37°C until use.

(Millennium, Sao Paulo,

The cavity preparation of type V class was
made on the buccal, simulating the shape of
the abfraction lesions with a cylindrical tip
diamonds in 3100 (KG Sorensen, Barueri, SP,
Brazil) mounted on high-rotation turbine (Dabi
Atlante, S30 Paulo, SP, Brazil) under constant
refrigeration. The cavity was set at 2.0 mm for
the occlusal-gingival height, 3.3 mm in
mesiodistal length and 2.0 mm axial depth,
of the

preparation??® The angle cavosurface was

considering the deepest point

located in all dentin.

The gingival margin of a chopper 28
(SSWhite-Duflex, Rio de Janeiro, RJ, Brazil)
was used for the finish. The prophylaxis of
cavities was performed with rubber cup (KG
Sorensen, Barueri, SP, Brazil) mounted on the
handpiece low speed (Kavo Brazil, Joinville,
SC, Brazil) and slurry of pumice (SS White-
Duflex, Rio de Janeiro, RJ, Brazil). Then, the
tooth was embedded in cylindrical tube of
polyvinyl chloride (PVC) of 12 mm height, 20
mm diameter, 3 mm thick and filled with
chemically activated acrylic resin (JET- Artigos
Odontolégicos Classico Ltda, Campo Limpo
Paulista, SP, Brazil). The gingival wall of the
cavity preparation maintained a distance 1.3
mm from the top edge of the tube and the

bottom edge of 2 mm. The tooth was

rod loading application to the tooth.

2.1 LASER SPECKLE
Speckle occurs when coherent light is

scattered by a rough surface. In the
beginning, it were considered optical noise,
but it has been shown a capacity of retain
information about the illuminated sample,
such as displacements, deformations and
biological activity. Other important points are
the non-contact, non-destructive and non-
invasive treatments to extract information
from a sample, and the experimental set-up in
most cases is very simple to implement.
Usually the light coherent source used is laser,
and the speckles could be generated by
reflection from a surface, or transmission
through a sample. The use of speckle is
related to applications in a great range of
areas, as metrology?, rough surfaces study®,
and activity verification of biological tissues®,
food* and

appearance of the speckle is similar to a

surfaces®. The observed
granulated image, observing points with
variable intensity at the register medium, orin

a screen.

Speckle interferometry is the application of
interference to register a superimposed
speckle pattern of an object or medium,
resulting in a speckle interference pattern. It is
a valuable technique to analyze macroscopic
parameters®, and the possibility of fringe
analysis makes it a useful tool in dentistry and
engineering applications®. However,
interferometry techniques have requirement
for system’s stability*®.

Because of the digital cameras, faster than

photographic film to capture images, and an
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easier computational quantitative analysis
applied in the registered speckle patterns
digital images, using a mathematical algorithm,
Digital Speckle is widely used for applications,
to obtain values with experimental or
numerical test to verify its efficiency®* There
are works dedicated to the implementation of
the speckle digital analysis for industry
purposes®, developing and proposing new
experimental set-ups using digital speckle
methods. Chen and Chiang®® proposed an
experimental set-up using ESPI, with a very
simple optical arrangement, including optical
components and hardware equipment for
acquisition\processing system, and resistant
to vibration and noise. The computational
processing was considered, observing the full
time of the entire process, since the capture
of images, the analytical model applied -
attempting to the number of calculations - in
the processing stage, until the final results,
generating the speckle fringes. The results
were compared with other parallel experiment
involving Moiré technique analysis, in the
same region of the application of the digital
speckle, in the sample. However, the
analogical film registered pattern has greater
resolution (measured in lines/mm), compared
to the CCD camera. Other experiments in
digital
analysis methods

speckle implement

41,42

and develop
, as a consequence of

computational hardware capacity.

In this work were implemented the speckle
photography technique, using a photographic
film, located inside a photographic camera, to
record the speckle pattern - each of them
obtained for one point and load charge of the
sample. This work studies the mechanical
behavior of the MCIT using speckle pattern

analysis. Similar works were made®*, but
studying other structures, and comparing
experimental values using finite elements
method.

The experimental part consists in the
recording of the interference pattern and its
projection. The speckle interferometer used®
is composed of a laser source, the sample
(MCIT), and photographic
machine (Fig. 1a). The laser strikes the MCIT,
generating the speckle, fixed in an apparatus

camera lens

basement developed to apply the load
charges using weights, simulating the bite.
The camera lens projects the speckle at the
photographic camera, which makes the
recording process in the photographic film
inside it. Taking two speckle patterns, one
before and the other after applying different
load charges, resulting in the movement of
the MCIT, we record the speckle interference
pattern at the film. One should attempt to the
time exposure, to sensitize correctly it.

After the register stage, we have the reading
stage, in which we observe and read

information in the speckle interference
pattern. The experimental components used
are laser, microscopic objective, a first lens to
collimate the expanded beam, the speckle
film and a second lens to project in a screen
the fringes of the speckle interference pattern
(Fig. 1b). Measuring the distance between
fringes, the corresponding MCIT displacement
is obtained, according to the load charge

applied and using an appropriate equation.
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Fig. 1 Optical systems for (a) speckle recording and (b) Extraction of the displacement interference fringes.

The MCIT attached in the resin was fixed in an
Aluminum basement, which has an iron tip
connected in a flagpole, responsible for the
simulation of the bite (Fig. 2). Were applied

charge forces between 10.21N and 40.21N
(additional weight of 0.21kg due to iron tip) in
a small area (less than 1 mm?), with angle 15°
with respect to the long axis of the MCIT.

Fig. 2 (a) Experimental set up to apply loads in the tooth, (b) tooth adjusted and fixed in the base and (c)

close view of the tooth and the applied force area.

The study area was illuminated with light of
He-Ne laser (15 mW, A= 632.8 nm, Melles -
Griot).
Minicopy Film HR Il) was positioned inside a

A special photographic film (Fuiji

photographic camera Nikon FM10 to record
the patterns, and the objective lens of the

same camera were used. The Figs. 3a-3c

shows the experimental setup. The speckle is
applied in two parts of the MCIT: in the
abfraction point (crack region) and the other
above the same (upper position of the crack
region), using four weights as loading charges
to simulate the bite. Eight speckle pattern
films were generated.

Fig. 3 Perspective view of the Laser Speckle - general (a), superior (b) and zoom (c).
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2.2 FINITE ELEMENT ANALYSIS

The Finite Element Analysis (FEA) is a
numerical method based on the construction
of a mathematical model, representing
geometrically the object to be analyzed. This
model is subdivided into a number of cells
known as finite elements, in triangular linear
or quadratic shape, depending on the
geometry of the model and analysis to be
performed. Each element is defined by a
number of points called nodes. In a three
dimensional (3D) model, nodes are localized
in a system of orthogonal cartesian coordinates
(X, Y, Z) connecting the respective elements.
The resulting set is called a mesh, where each
one of them are related to the material
properties, for example, mechanical properties,
like elastic modulus and Poisson’s ratio, and
the boundaries conditions and loading,
helping in the representation of the actual

physical model.*

The FEA can be divided into three steps:
preprocessing, processing stage or solution
analysis and pos-processing. In preprocessing,
modeling the structure examined (geometric
characteristics) and physical characteristics of
the materials involved. The structures are
discretized by nodes and elements, to then
apply boundary conditions and loading. In
processing stage, application of an algorithm
to solve the system of equations of the
problem modeled. In pos-processing, the

results generated by processing are displayed.*

The processing stage was performed using
MSC.NASTRAN2005r1 software (MSC Software
Corporation, Santa Ana, CA, USA). The
MSC.PATRANZ2005r2 software, used in the

preprocessing, was also used for pos-processing,

visualization, and evaluation of the results. A
3D MCIT model was generated from the
tooth’s dimensions (dentin and enamel) used
in the experimental part. The pulp part was
obtained by interpolation, using the mean
diameter of the apical foramen®, and the
values for cervical region were based on
Shillinburg and Grace*®.

From the surfaces of structures (pulp, dentin
and enamel) made up, we obtained the cavity
and support structures (Fig. 4a). Next surface
meshes were generated with triangular
elements of linear flat topology Tri3, one side
containing three edges, with one node in
each end of the edges. We used elements of
edges of size 0.05mm, in regions of high
curvature, small size or transition between
structures, edged up to 0.75mm in areas of
small curvature, of great size or distance
between the transition structures, following
the procedures in Poiate et al.**"*2. Then,
mesh volumetric generation were made, with
tetrahedral topology elements Tet4, four-
sided pyramidal element containing six

edges, with a knot in each end of them (Fig. 4b).
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a

Fig. 4 Generating (a) surfaces of structures and (b) finite element mesh for all structures.

The degree of discretization of the models
was established from convergence studies of
the results in computer modeling (Pentium
Dual-Core processor 2.2 GHz, 160 GB hard
drive and 3 GB of RAM memory), to ensure
that a proper FE model mesh density was
generated. In this way, we were able to

ascertain  that our system realistically
described the anatomic geometry, obtained
for the model 334749 elements and 54537

nodal points.

Although the hexahedral elements are better
than tetrahedral, considering the solution of
the equations and results, they were not used,
because of the geometry complexity considered,

in which elements would appear distorted,
compromising the geometry discretization
and analysis.

We assumed that all the structures of the
model were homogeneous, isotropic and
linearly elastic, characterized by two physical
properties: Young'’s modulus (E) and Poisson’s
ratio (v) To model the tooth as a single unit,
we assumed the interfaces between structures
perfectly united. In our aim was to provide an
initial justification of our approach, we believed
that this simplification was justified®**>? Table
1 lists the values that were used in each of the

structures.

Table 1 Mechanical prosperties and references in each anatomical structure.

Structure / Material Young's Modulus Poisson’s Ratio Reference
(GPa)

Pulp 0.02 0.45 Farah and Craig®

Dentin 18.60 0.31 Ko et al®

Enamel 41.00 0.30 Ko et al®

Acrylic Resin 2.26 0.35 Cif¢i & Canay®

PVC 2.51 0.36 O'Brien®
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The boundary conditions, or the setting of the
model, and the characteristics of the load

application were prepared similarly to the

experimental part. The total static load of 42.1
N was distributed by six nodal points in an area
of 0.07 mm? (Fig. 5).

<« Constraint

Fig. 5 Boundary conditions in the FE model.

3. Results

3.1 LASER SPECKLE

Fig. 6 show the tooth illuminated by the laser
He-Ne, seen through the camera lens, and the
respective measurement points in the crack (1)
and upper position of the crack (2), related to
the experimental setup shown in Fig. 1a and

Fig. 3. After the speckle patterns were
registered in each photographic film, were
performed the observation experiment,
related to the observation of the fringes

projected in a screen.

Fig. 6 Tooth illuminated and the points of measurement, in the crack (1) and upper position of the crack (2).
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The quantitative analysis of the speckle fringe
obtain the MCIT
displacement using equation (1), where the

pattern  allow to
relationship between the displacement AX,

and the separation d of fringes is expressed

by®”:
AXC :% ' (M

where A is wavelength of the laser, f focal

length of camera lens, m magnification of

Table 2 Load, place and results from LS.

image in the optical system, and d separation
between two interference fringes, measured
directly in a screen. The results were
presented in the table 2, using the constant
values of m=6.5, A=0.633pym and f

=45.1cm in the equation (1).

Displacement in the crack

Displacement in upper position

Load (N)
{um) of the crack (um)
12.1 - -
221 - 7.96
32.1 11.5 12.5
421 14.4 25.8
The resulting interference fringes of  position of the crack are shown in the Figs 7

displacement in the crack and at the upper

and 8, respectively.

(d)
Fig.7 Interference fringes of displacement in the crack: (a) 12.1N, (b) 22.1N, (b) 32.1N and (d) 42.1N.
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Fig. 8 Interference fringes of displacement at the upper position
of the crack: (a) 12.1N, (b) 22.1N, (b) 32.1N and (d) 42.1N.

In Figure 7 the MCIT movement is in one
direction (red line) and the fringes being
parallel one to the other. Until 22.1N load in
the MCIT there is only one fringe in the crack
region (Fig. 7a and b) and the displacement
cannot be evaluate because is necessary at
least two of them to do it. However, when the
load is charge to 32.1N, the displacement
evaluated is 11.5um, and when the load
increases to 42.1N (31.2%), the displacement
result is 14.4um, that's represent the increase
of displacement around 25.2%. The orientation
of the superficial displacement, that is
perpendicular to the fringes, is the same with
32.1 and 42.1N (Fig. 7 c and d), around 50° in

relation the axis x in counterclockwise.

In the upper position of the crack region of the
MCIT when the load is 22.1N (Fig. 8b) the

displacement evaluated is 7.96um, and when
the load increases to 32.1N (45.2%), the
12.5um, that's
increase of displacement

displacement  result is
represent the
around 57%. The orientation of the superficial
displacement is 34 and 37°, in relation the axis
X in counterclockwise, with 22.1 and 32.1N,
respectively (Fig. 8b and c). However, when
the load increases (31.2%) from 32.1 to 42.1N,
the displacement result is 25.8um (increase of
106.4%), and the orientation of the superficial
displacement in the MCIT change from 37°

(Fig. 8c) to 22° (Fig. 8d).

3.2 FINITE ELEMENT ANALYSIS

A panoramic view of the results regarding the
Maximum Principal Stress (MPS) distribution
are illustrated in Fig. 9, from the complete
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view of the model and only the dentin and
enamel. The color scale represent stresses in
MPa, where positive values are tensile and
negative compression stresses. It appears that
the region of abfraction the concentration of
tensile stresses, the maximum 4 MPa, the

same angle of view obtained by LS. The

tensile stress at the cavity simulating shape of
the lesion abfraction varied from 0.25MPa to
16MPa. The compression stress at the load
application area reaches -37MPa, and is
distributed in a great extension of the lingual
surface, and dissipated in mesial and distal

directions.

~

il

Fig. 9 MPS in the finite element model.

Fig. 10a shows MPS distribution
opposite angle of view obtained by LS, the

in an

maximum value 6 MPa in the region of
abfraction. Thus, the maximum stress was
concentrated in the cavity simulating the
shape of the lesions abfraction near the distal
face (contrary to the angle the obtained by
LS), because the load that is applied near the

mesial face, which was expected because the

torsion effect the tooth is subjected.

Fig. 10b shows the displacement obtained by
FEA in the MCIT. The color scale corresponds
to the displacement in mm. In the region of
the occlusal angle cavosurface (upper crack)

there was a displacement of 4.5um.
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& 4
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(a) (b)
Fig. 10 (a) MPS in Finite Element model — opposite angle obtained by LS — and (b) Displacement Values.

Fig. 11 shows the displacement vector in counterclockwise in the occlusal angle
MCIT from FEA. The displacement orientation ~ cavosurface (upper crack), and in the inner
is up to down due to the load and boundary region of the wedge (crack) is 50°. These
conditions and the regions measured by LS results represent an excellent agreement with
are circled in the FEA. The displacement LS until 32.1N.

direction is 37° in relation the axis x in

Fig. 11 Displacement vector in the FEA.
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4. Discussion

Many of the cervical defects thought to be
extrinsic factors acting directly upon the tooth
surface are actually due to eccentrically
applied occlusal forces, such as sharp, angular

or wedge-shaped defects*>'58

In spite of in the critical review by Barlett and
Shaw?, it is postulated that there is still little
evidence correlating abfraction and occlusion
stress (just from FE analysis and lab work), with
some previous clinical investigations have
proven it'"121>57¢0 Tensile stress may cause
disruption of the bonds between hydroxyapatite
crystals, leading to cracks in the enamel and
eventual loss of enamel and the underlying

dentin e 4,20,58,61,62

The representation of a MCIT is based on

evidences from studies 43

, which demonstrate
such lesions are most commonly found in
upper incisors, followed by premolars and,

least commonly, teeth canines.

4.1 LASER SPECKLE

The nonlinear behavior in the displacements
and the change of axial orientation, apart from
32.1N, could be due to MCIT nonlinear
behavior and instabilities in the region of
measurement process, which is prone to
produce a large displacement, compared the
crack region, due to the abfraction geometry
(lesion) and distance of the loading
application from the fixed region, near the

base of the tooth.

We have more values of displacement
obtained from the upper position of the crack
than the region of the crack in the MCIT, and,
for the same force applied, the values are
greater in one case than the other. For 32.1N
loading in the MCIT, there is a difference of

8.7% between the two values; however, when
the load is 42.1N, the resulting difference is of
79.2%.

We observe the stable behavior of the
displacement’s movements, the direction is
the same in the region of the crack, while in
the upper position of the crack it did not
happen. There is more stability in one region
than the other, one of them distant from the
basement, and the torque effect is stronger in
it: the nearest of the basement of the MCIT,
the more stable the movement will be.

4.2 FINITE ELEMENT ANALYSIS

The stress profiles seem to mimic the pattern
of clinical presentation of abfraction lesions*
>13 Patterns of stress distribution near the
cavity, simulating the shape of the lesions
abfraction, may also be explained by the
location, lever effect and orientation of load
application, which cause forces that generate
tensile stresses at the cavity, simulating shape
of the lesions abfraction, because they tend to
deflect the tooth in the lingual direction.

An interesting finding was the stress
concentration at the cavity, simulating shape
of the lesions abfraction, being lower in the
enamel than in cervical dentine. A factor that
must be considered is the difference between
the Young's Modulus, since the rigidity of
enamel is higher than the dentine, the enamel
concentrates the stresses that are dissipated
by the dentine. It is well known that enamel
and dentine respond differently to masticatory
stresses. Although these tissues are intended
to support each other, they can react to occlusal
forces independently. Dentine has shown low
compressive and high tensile stresses, while

enamel has demonstrated a reverse trend.
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4.3 LASER SPECKLE VERSUS FINITE ELEMENT
ANALYSIS

The displacement obtained by FEA in the
MCIT in the region of the occlusal angle

(upper

displacement of 4.5um, 5.7 times smaller than

cavosurface crack) there was a
the measured by LS (25.8um), under the same
load. In the inner region of the wedge (crack)
the displacement is 3.5um, 4.1 times smaller
than the measured by LS. This difference
between LS and FEA could be due to the
difference between the mechanical properties
of the real and the simulated model and the
nonlinear behavior in the MCIT, apart from

32.1N, observed in the LS.

It is worth mentioning that up to 31.2N load
the displacement direction results in the
occlusal angle cavosurface, and in the inner
region of the wedge from LS and FEA results
represent an excellent agreement.

This study has found that the buccal stress
concentration in a MCIT were higher at the
gingival region due to occlusal overload.
Considering the tooth flexure theory, this
finding suggests biomechanical explanations
to MCIT are one of the teeth more prone to
develop clinically abfraction lesions. However,
the other factors implicated in cervical lesions
like attrition, erosion, abrasion, must be
evaluated and studied further to support the
previous researches using FEA and other
techniques®.

Therefore, to develop a better understanding
of the cervical lesion, relevant to the clinical
treatment, analyses of the stress distribution
in the teeth are highly desirable to evaluate
the degree of these NCCLs and recognize
that progressive changes in the cervical area
of the tooth are part of a physiologically

dynamic process that occurs with aging. Thus,
the clinical decision to treatment plan with
preventive and restorative approach of the
NCCLs, with the technique and materials to
be used appropriately, may be based on the
need to replace form and function or to relieve
hypersensitivity of severely compromised teeth
or for esthetic reasons, for control of the disease,
preventing the appearance of new lesions and
guaranteeing a better quality of life to the
patient®>*’.

5. Conclusion

Among the advantages and disadvantages of
each technique, Laser Speckle (LS) has an easy
and simple experimental setup, which can be
performed quickly and get the results in the
real model, but is not possible to achieve
results in certain areas of difficult access, and
if we want to obtain results at several points
simultaneously, multiple CCD’s are necessary.
Using Finite Element Analysis FEA, we are
able to visualize the stress, strain and
displacement at any location, but it is very
difficult to construct and simulate the
boundary conditions of the real physical
model, which depends on the mechanical
behavior and the
adopted in the

simulation. Both techniques showed good

properties, material

conditions numerical
agreement in many aspects, for example, in

the displacement direction, and were
complementary to the understanding of the
results, and it is recommended they be used
concurrent, especially as most of the FEA
disadvantages have been overcome. Given
the limitations of the study, there was a good
agreement qualitatively between the two
methods applied, the LS and FEA. However,

many studies continue must be developed in
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the improvement of methodology and
techniques, like the use of Electronic Speckle
Pattern Interferometry (ESPI) and strain gauge

(SG), because knowledge of the distribution

of stress, strain and displacement are

fundamental  importance in  planning

interventions in abfraction lesions.
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