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Welcome Message

It is a great honor for me to edit this special issue of Balkan Journal
of Dental Medicine for the selected revised papers presented in the 22nd
BaSS Congress held on May 4-6, 2017, at the Makedonia Palace Hotel, in
Thessaloniki, Greece.
As a guest editor of this issue, I was glad to see a variety of articles focusing on various fields
of Dentistry, such as Endodontology, Implantology, Laser applications, Hospital dentistry, Oral Medicine/
Oral Pathology, Orthodontics, Pediatric Dentistry, Periodontology, Preventive dentistry, Prosthodontics,
Restorative Dentistry, Oral Radiology Oral & Maxillofacial Surgery and Biomaterials.
Scholars from many Balkan countries contributed to this issue of the Journal. All the submitted papers
have been reviewed by reviewers specialized in the related field. In this issue we present you the selected
papers after the end of the review process.
I would like to express my special thanks to all the reviewers, the Editor-In-Chief,and those involved
in technical processes.
I hope that you will enjoy reading the papers.

Sincerely,

President of the Scientific Committee of 22nd BaSS Congress, Thessaloniki 2017
Anastasios Markopoulos, DMD, MS, PhD
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Practical Aspects of Finite Element Method
Applications in Dentistry
SUMMARY

Aleksandar Grbović, Dimitrije Mihajlović

The use of numerical methods, such as finite element method (FEM),
has been widely adopted in solving structural problems with complex
geometry under external loads when analytical solutions are unachievable.
Basic idea behind FEM is to divide the complex body geometry into smaller
and simpler domains, called finite elements, and then to formulate solution
for each element instead of seeking a solution for the entire domain. After
finding the solutions for all elements they can be combined to obtain a
solution for the whole domain. This numerical method is mostly used in
engineering, but it is also useful for studying the biomechanical properties
of materials used in medicine and the influence of mechanical forces on the
biological systems. Since its introduction in dentistry four decades ago, FEM
became powerful tool for the predictions of stress and strain distribution on
teeth, dentures, implants and surrounding bone. FEM can indicate aspects of
biomaterials and human tissues that can hardly be measured in vivo and can
predict the stress distribution in the contact areas which are not accessible,
such as areas between the implant and cortical bone, denture and gingiva,
or around the apex of the implant in trabecular bone. Aim of this paper is
to present – using results of several successful FEM studies – the usefulness
of this method in solving dentistry problems, as well as discussing practical
aspects of FEM applications in dentistry. Some of the method limitations,
such as impossibility of complete replication of clinical conditions and
need for simplified assumptions regarding loads and materials modeling,
are also presented. However, the emphasis is on FE modelling of teeth,
bone, dentures and implants and their modifications according to the
requirements. All presented studies have been carried out in commercial
software for FE analysis ANSYS Workbench.

Key words: Finite Element Method, Biomechanical Systems, Computer Simulations,
Stress Analysis

Introduction
Finite element method (FEM) is one of the most
widely used numerical methods for solving the problems
of mechanics of continuum. FEM is method of discrete
analysis and – unlike other numerical methods which
are based on mathematical discretizationa of equations of
boundary problems – it is based on physical discretization
a Discretization is the process of transferring continuous functions,
models, and equations into discrete counterparts. This process is usually
carried out as a first step toward making them suitable for numerical
evaluation and implementation on digital computers.

Faculty of Mechanical Engineering, University
of Belgrade, Serbia

REVIEW PAPER (RP)
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of considered domain. Basis for all calculations is
represented by the part of the domain (so called subdomain) which has finite dimensions, also known as finite
element. From the perspective of physical interpretation
this means that the observed real physical domain with
infinite number of degrees of freedomb (DOF) can
b In engineering, the degree of freedom (DOF) of a mechanical system is
the number of independent parameters that define its configuration. It’s
the number of parameters that determine the state of a physical system.
For example, the position and orientation of a rigid body in space is
defined by three components of translation and three components of
rotation, which means that it has six degrees of freedom.
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be replaced with discretized geometrical model with
finite number of DOF. Such model consists of elements
interconnected by finite number of points known as nodes
(Figure 1). These finite elements have defined dimensions,
physical properties and simple geometry, and together they
can “simulate” the behavior of complex physical system.
As a part of the process of discretization, choice of shape
of finite element and number of elements used in numerical
simulation is influenced by the nature of the analyzed
problem and the required accuracy of solution.

Figure 1. Approximation of the real object using FEM

By analyzing the individual elements along with
the characteristics of their mutual connections, the
whole complex system can be analyzed. The approach
where universal solution is obtained from the individual
solutions is known as inductive method. This method is
of the greatest importance for solving the problems where
exact solutions cannot be achieved directly1.
Figure 1 shows the sketch of the real object and
equivalent mathematical model after one possible
discretization. Set of subdomains for the entire domain is
called finite element mesh. Each node in mesh has finite
number of degrees of freedom. Forces cannot act on the
surface of the finite element or edge but only in nodes.
After carried out calculations, each node will be assigned
displacement values that represent the reaction of the
entire system to given loads and boundary conditionsc.
Values of displacements on the finite elements between
the nodes are determined by means of mathematical
interpolationd.
c The set of conditions specified for the behavior of the solution to a
set of differential equations at the boundary of its domain. Boundary
conditions are important in determining the mathematical solutions to
physical problems.
d In engineering, interpolation is a method of constructing new data
points within the range of a discrete set of known data points. It is often
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The power of the FME resides primarily in its
adaptability: analyzed structure might have arbitrary
shape, materials, loads and supports. Also, the mesh may
consist of elements of diverse types, shapes and physical
properties. This great adaptability is usually achieved
within a single computer program and the definition of all
necessary input variables is controlled by user.
Finite element analysis (FEA) can provide detailed
quantitative data at any location within mathematical
model; therefore, FEA has become a valuable analytical
tool in dentistry. FEM can indicate aspects of biomaterials
and human tissues that can hardly be measured in vivo
and can predict the stress and straine distribution in the
contact areas which are not accessible, such as areas
between the implant and cortical bone, denture and
gingiva, or around the apex of the implant in trabecular
bone. In general, research fields in which FEM is
implemented can be classified as follows1:
-- Investigation of improved shape and design of
fillings, crowns, dental implants, removable
dentures, dental bridges, etc.;
-- Examination of mutual interaction of stomatognathic
system supporting structures;
-- Study of residual stresses which occur as
consequence of mechanical and thermal extension in
crowns and dental fillings;
-- Research of physiological and biochemical effects
of chewing forces, teeth reactions to occlusal forces,
their interaction and stress concentration;
-- Research and application in orthodontics;
-- Research and application in implantology.
In practice, applications of FEM in dentistry implies
creation of virtual computer model with properly defined
geometry and material properties, precisely defined
loads and boundary conditions. These four parameters
essentially define numerical model and the accuracy of the
results is directly linked to them.
Geometry of the model must be close to the
actual structure and unreasonable simplifications will
unavoidably result in significant inaccuracy: experience
and good judgment are needed to define adequate
geometry. To decrease time to numerical solutions,
researchers are often performing a two-dimensional (2D)
instead of three-dimensional (3D) analyses because a 2D
model is as efficient and accurate as a 3D model if it’s
well defined (Figure 2).
required to interpolate (i.e. estimate) a value within two known values in
a sequence of values. Polynomial interpolation is a widely-used method
of estimating values between known data points.
e In continuum mechanics stress is a physical quantity that expresses the
internal forces that neighboring particles of a continuous material exert
on each other, while strain is the measure of the deformation of the material. The dimension of stress is that of pressure, and therefore is commonly measured in the same units as pressure (pascals), while strain is
unitless quantity.
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However, 2D models cannot simulate the 3D
complexity of the structures and hence results might
be of minor clinical values. Time needed to create FE
models and obtain results is decreasing with advances
in computer technology; thus, three-dimensional FE
models are becoming dominant. With the development
of digital imaging techniques more efficient methods
are available for the direct transformation of 3D
information from computed tomography (CT) or magnetic
resonance imaging (MRI) into FE mesh. Solid models
of a mandibula, crowns, teeth or dental implants may be
obtained directly from 3D scanners or constructed using
the computer-aided design (CAD) software such as
CATIA or SolidWorks.

Figure 2. Two-dimensional model (left) vs. three-dimensional model
(right)

Material
properties
considerably
influence
the stress and strain distribution in a structure. These
properties can be modeled as isotropic, orthotropic,
anisotropic, hyperelastic, viscoelastic, plastic (plasticity),
etc. When the properties are the same in all directions
material is linearly isotropic and only two independent
material constants (Young’s modulus E and Poisson’s ratio
ν) must be defined. In contrast to isotropic, orthotropic
materials have properties that differ along three mutuallyorthogonal axes of rotational symmetry. This results
in unique elastic behavior along the three orthogonal
axes of the material, thus three elastic (E) and shear
modulus (G) and six Poisson’s ratios (ν) must be known
for model input. Orthotropic materials are a subset of
anisotropic materials which are directionally dependent,
which implies different properties in different directions.
Anisotropy can be defined as a difference, when
measured along different axes, in a material’s physical
or mechanical properties such as absorbance, refractive
index, tensile strength, etc. Hyperelastic material model
is used to describe the non-linear stress-strain behavior of
complex materials such as rubbers, polymers, biological
tissue, etc. Plasticity describes the deformation of a (solid)
material undergoing non-reversible changes of shape in
response to applied forces.
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In most reported investigations in dentistry materials
were modelled as homogenous and linearly isotropic for
two main reasons: 1) It is not easy to accurately determine
orthotropic, anisotropic or hyperelastic properties of
material, and 2) If material is isotropic analysis is linear,
otherwise it is non-linear and convergencef problem may
arise. There are several methods to determine the physical
properties of bone or tooth, such as tensile, compressive,
bending and torsion testing, pure shear tests, micro- and
nano- indentation tests, acoustic tests, etc. For example,
the values from 13.7 to 20.7 GPa and 1.37 to 14.8 GPa
have been frequently used for the Young’s modulus of
cortical and cancellous bone, respectively, and Poisson’s
ratio was assumed to be 0.3 for both2. But, bone is an
anisotropic material with properties being directionally
dependent. To incorporate realistic material for bone
tissues in maxilla or mandible, the FEM may employ
full orthotropy for cortical bone as the elastic behavior in
cortical bone approximates to an orthotropic material and
transversely isotropic for cancellous bone.
Selecting appropriate loading conditions is also
of immense importance for productive FEA. In general,
loads used in FE simulation can be divided into axial
forces and horizontal forces (or moment-causing loads).
Combinations of these forces (termed as mixed loading)
define oblique occlusal loads which are more realistic
and usually generate considerable localized stresses in
compact bone. An axial force acts down the long axis
of the tooth or implant and hence produces compression
(which is favorable), whereas horizontal loading
transmits tensile stresses and induces a bending (which is
considered undesirable). For example, when a crown is to
be fabricated for an implant, its shape must be without any
cantilevers (which can contribute to torsional or bending
movement) and should distribute biomechanical forces in
a such way to produce favorable compressive stresses.
Extensive studies of masticatory (bite) force revealed
significant variations in magnitude which were related to
the area of the mouth, muscle size, bone shape, sex, age
and many other factors. In the premolar region, values of
masticatory force range from 40 to 600 N, forces from
50 to 400 N have been recorded in the molar region for
young adults while forces from 25 to 170 N have been
measured in the incisal region3,4,5. Clinical studies
revealed that the average masticatory force transmitted
to implant range between 90 N and 280 N, depending on
the location, diameter, length of the implant and the kind
of abutment used6,7. The choice of point of loading is
also very important for successful FE analysis. Loading
f Convergence is a major issue with the use of FEM software. When FE
problem is non-linear, solution techniques are based on iterative process
to successively improve a solution, until ‘convergence’ is reached. The
exact solution to the iterative problem is unknown, but numerical result
must be sufficiently close to the solution for required level of accuracy.
This requirement depends upon the purpose to which the solution will be
applied.
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point changes in accordance to the modeled morphology
of the restoration. FEA studies have loaded the cusp tips,
distal and mesial fossae of the crowns with the objective
of simulating the contact path followed by the functional
cusps of a tooth.
It’s important to emphasize that all loads can be
classified as either static or dynamic. Masticatory forces
are dynamic loads, but since these loads are difficult to
numerically model most FEA use static loads8. However,
as an illustration that this modelling is possible, FE
simulation with dynamic load will be presented in this
paper.
The last but not less crucial step in defining FE
model is determination of boundary conditions. The
boundary conditions (BCs) are the specified values of the
field variables (or related variables such as derivatives)
on the boundaries of the field of interest. In other words,
physical constraints such as displacements and supports
must be applied on boundaries of the virtual model to
ensure an equilibrium solution. The constraints are placed
on nodes and they can prevent displacement and rotation
in all directions (so called fixed support) or in some
directions only (for example, displacement in X direction
is allowed, while displacements in Y and Z direction and
rotations about all three axes are not allowed). Boundary
conditions can sometimes play the role of loads: instead
of applying forces (whose magnitudes might be hard to
evaluate) displacement on nodes in given direction is
applied to simulate the effect of loading (Figure 3).
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should be modeled to reduce the analysis run time and
RAM memory required. The lines or planes of symmetry
in a FE model can be simulated by providing proper
BCs to the symmetrical faces or edges of the geometry,
while loads must be completely symmetric, too. The
general rule for a symmetry displacement condition is
that the displacement vector component perpendicular
to the symmetry plane is zero and the rotational vector
components parallel to the plane are zero. Figure 3 shows
two-dimensional FE model of one half of dental assembly
with symmetric BC (named Frictionless Support) and
displacement of 1 mm used as a load. Frictionless
support is applied along the axis of symmetry (position
C in Figure 3), while Fixed Support is applied along
edge A (which is the part of the assembly with restricted
displacement in all directions). Finally, vertical upward
displacement (represented by arrow) of 1 mm is applied
along edges denoted by B and D. As it can be seen, no
forces were used in this FE simulation.
To conclude, with rapid improvements of digital
technologies and user friendly software interfaces, the
FEM has become available not only to aerospace and civil
engineers but to doctors and dentists who can use this
powerful technique to analyze complex biomechanical
structures. The modeling and simulation save time and
money for conducting the live experiment or clinical
trials. By understanding the basic theory, method,
application, and limitations of FEA, the clinicians will be
better equipped to interpret results of FE studies and apply
these results to clinical situations.
The following four case studies – based on the
results of FE simulations carried out in collaboration
with professors from the Faculty of Dental Medicine,
University of Belgrade – demonstrate the full potential of
FEM application in dentistry. These studies have proved
robustness of FEM in addressing biomedical problems
that are challenging for conventional methods.

Case study 1: Evaluation of stress distribution
under FPD supported in three different ways

Figure 3. 2D FE model with symmetrical BCs and applied displacement

One method for efficient use of FE modeling is to
exploit the planes of symmetry in an assembly or a part
being analyzed. To take the advantage of symmetry, only
a portion (a half, or a quarter) of the actual structure

In this study9 FEA was carried out to evaluate stress
distributions in supporting tissues in four-unit tooth-tooth,
implant-implant and tooth-implant supported dentures.
The section contours of the alveolar bone, teeth, and
fixed prosthesis were obtained from ATOS scanner and
imported into CAD/CAM software CATIA where three
different solid models were obtained. Solid model of the
implant was constructed in CATIA and imported – along
with bone, teeth and prosthesis models – into the software
for FEA Ansys Workbench. After meshing the models,
setting up material characteristics, boundary and loading
conditions, calculations were performed. Materials were
assumed homogenous, elastic and isotropic (with Young’s
moduli and Poisson’s ratios taken from10), and 300 N
axial and oblique load (making an angle of 30° to the long
axis) were applied on pontic and all four units.
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FEA showed that maximum stress values occurred
at the neck of implant and tooth in all models for
occlusal forces, while in a case of axial and oblique
loading on the pontic the highest stress value was located
at the implant neck for tooth-implant supported fixed
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partial denture (Figure 4 and Figure 5). After reviewing
all load combinations and fixtures it was concluded that
implant-implant supported fixed partial denture had
a better stress distribution compared to tooth-implant
fixture.

Figure 4. Stress distribution in supporting tissue of four-unit tooth-tooth (I), implant-implant (II) and tooth-implant support under axial load (III)

Figure 5. Stress distribution in supporting tissue of four-unit tooth-tooth (I), implant-implant (II) and tooth-implant support under oblique load (III)

Case study 2: Analysis of stress distribution and
deformation under FPD for two diverse types of
tooth-implant connection

In this case, FEM was used to compute stress
distribution in surrounding tissue of a fixed partial denture
with tooth-implant connection for two diverse types of
implants: resilient Titan Shock Absorber (TSA) abutment
was compared to conventional non-resilient abutment11.
Two 3D models were created for this purpose. It
was assumed that first and second molar were missing
and implant was mounted in the second molar position
for both cases. Modelling of the implant and abutment
was performed in accordance with dimensions and

recommendations obtained from the manufacturer. Virtual
model was comprised of tooth contours, periodontal
ligament, mucous membranes, implant, cortical bones and
spongiosa, abutment and suprastructure. Figure 6. shows
model of tooth-implant supported fixed partial denture.
Again, all used materials were assumed homogenous,
linear elastic and isotropic with exception of periodontal
ligament which was modelled with 3D non-linear highly
elastic spring elements to better replicate its real properties
in the FE model. Finite element mesh is shown in Figure 7.
Three different load conditions were taken into
consideration with vertical force of 500 N. In first case
force was introduced on the tooth, in second above the
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implant and in third case above all three units. Such
models were analyzed using Ansys Workbench software
which provided stress distribution for both models and
all three load cases. It was observed that the resilient
TSA abutment helped load dissipation and that the stress
values are lower compared to non-resilient abutment.
Deformation results for one type of the load are displayed
in Figures 8 and 9 below.

Figure 9. Total deformation in case of force acting above implant with
non-resilient abutment

Case study 3: Analysis of stress distribution in
adhesive inlay bridge

Figure 6. 3D model of tooth-implant supported fixed partial denture

Figure 7. Finite element mesh of the fixed partial denture

Figure 8. Total deformation in case of force acting above implant with
resilient TSA abutment

Adhesive fixed partial dentures are a part of a
group of minimally invasive fixed constructions, with
inlay retainers instead of classic-shell retainers. Reduced
contact area, however, weakens the retention and makes
dentures prone to separation from teeth over time. Since
this is a consequence of extensive pressure on the cement
layer, stress states of this layer and surrounding elements
can be observed, analyzed and interpreted using FME12.
Two extracted teeth were selected and scanned
to simulate a lateral dental segment with partial
edentulism13. A space of 13 mm was left between the teeth
which were prepared with interproximal slots of specific
dimensions. The corresponding fixed partial denture
(FPD) made of ZirCAD was digitized with a scanner
and imported into Ansys Workbench. An assumption
was made that the teeth are not fixed and that the root is
allowed a certain amount of vertical displacement equal
to approximate distance between the alveolus and the root
(about two hundredths of a millimeter). Therefore, the
whole model was supported by elastic springs, which can
simulate assumed behavior.
To simulate masticatory force three areas on the outer
inclines of the buccal cusps were loaded (Figure 10). The
total load of 225 N was applied along three directions in
three successive simulations: at 900 to the tooth long axis
(horizontal force), at 450 to the long axis (oblique force)
and along the tooth axis (vertical force). Figures 11 and 12
shows stress distributions in the most critical case when
horizontal load was applied.
As it can be seen in Figures 11 and 12, maximum
stress occurs at contact areas of the bridge and supporting
teeth. Stress is concentrated along the edges and over
time this stress concentration may lead to tooth damage
and, consequently, separation of the denture from tooth.
Fatigue cracks always start at stress raisers, so removing
them the fatigue strength of the system increases. To
prevent cracks or, at least, to reduce the probability of
their initiation the fillets at the sharp edges should be
created. FEM might be very useful tool in determination
of the optimized radii of these fillets.
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Figure 10 Loads used in FEA of adhesive inlay bridge

Figure 11 Stress distribution in the case of horizontal loading
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Figure 13. 3D model of full denture with two mini dental implants

Before adding implants, calculations were performed
with denture being supported by the alveolar ridge only.
Results showed high displacements which indicated
denture non-stability. Then, calculations were carried
out with denture supported by MDIs and obtained stress
distributions on alveolar ridge and implants can be seen
in Figure 14 and 15 respectively. It was obvious that the
MDIs were asymmetrically loaded which was caused
by asymmetry of the 3D model and loads applied.
Only in a case of completely symmetrical model stress
distributions would be the same on both MDIs. Since the
stress values did not exceed the limits defined by material
characteristics, it was concluded that two MDIs could
provide substantial support for lower complete denture.

Figure 12 Stress distribution on the second molar and premolar in
the case of horizontal loading

Case study 4: Optimization of the number of MDIs
to support complete denture. Simulation of crack
growth in MDI under dynamic load.

The main goal of this FE study14 was to determine
required number of mini dental implants (MDI) needed
to fix complete denture in a case of poorly developed
alveolar ridge. MDIs play key role in stabilization of
complete dentures, especially lower ones. Due to small
dimensions, MDIs can easily be applied even in extremely
narrow and small ridges which are common with patients
using dentures for a longer period. They contribute to
solving problems of retention and stabilization, speech
difficulties, etc.
3D model used in this study can be seen in Figure 13.
Denture and plaster model of poorly developed alveolar
ridge were scanned and imported into CATIA v5, while
MDIs were constructed directly in software.

Figure 14. Stress distribution on alveolar ridge

Figure 15. Stress distribution in mini dental implants

Occasionally, during the installation of MDI
micro cracks may be initiated on the implant’s surface
and their growth can cause – after a certain number of
chewing cycles – fatigue failure of MDI in cyclic stress
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environment. To investigate this phenomenon existing FE
model of MDI has been used and crack growth in more
stressed implant (right MDI in Figure 15) was analyzed15.
To simulate fatigue crack growth in implant, it is
necessary to define realistic dynamic loads. In this study,
horizontal and vertical forces of magnitudes 0.005 N were
applied on spherical part of MDI during two consecutive
time intervals (each interval was 1 second long). Later,
these values were multiplied by cyclic load of amplitude
20000 N to simulate fully reversed load with constant
amplitude of approximately 100 N. Since load on MDI,
caused by changeable masticatory force acting on the
denture, is mostly less than 100 N and varies with time, a
random load spectrum (maximum amplitude of 20000 N)
was used for crack initiation predictions (Figure 16). Time
defined for this spectrum was 94 seconds.
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Figure 17 Steps of crack growth in MDI

Figure 18. Crack length as a function of number of chewing cycles

Figure 16 Random load spectrum used for crack initiation analysis

After the horizontal and vertical force had been
applied, FE analysis was performed and obtained stress
values were 0.0459 MPa and 0.00639 MPa, respectively.
This is because small loads (0.005 N) were applied on
MDI. But, during the second phase of the simulation these
loads were multiplied by previously described random
spectrum to get realistic dynamic loads. In Figure 15
the critical area of MDI (in terms of crack appearance)
is showed in red color and the number of blocks of load
spectrum which would initiate the crack was found to be
between 533 and 20000. This means that total time before
crack would start to grow is between 14 and 500 hours
(total time depends on number of appearances of peak
values during chewing).
The first step in setting the crack growth properties
was to define the initial crack length. The value of 0.05
mm was chosen. The second step was to define crack
geometry. It is assumed that the crack in the implant
is much like a semi-circular crack in tension. Once the
model was created in ANSYS, the steps necessary to
perform crack growth analysis were: read the mesh
information, rebuild the mesh around the crack, perform
the Ansys analysis and compute new crack length16.
The program begins the process of inserting the flaw
into the original model and then meshes the resulting
cracked model. Figure 17 display the computed crack
front in the model after five and ten steps of calculation.
After each step the extension was scaled, polynomial
was adjusted to fit through the new crack front points
and the polynomial extrapolation was adjusted to ensure
intersection with the model surface.

The plot in Figure 18 shows crack length versus
cycle number. It must be noted that the final crack length
was found to be just over 1 mm after 500000 cycles.
This result confirmed the expectation that even damaged
implant would work well for an extended period. This also
concurs with clinical practice experiences, which show
that the fatigue failure of MDI rarely occurs during the
exploitation. Given that the worst load case scenario was
used (load spectrum was very abrupt and rather long), it
can be concluded that the least designed life of slightly
damaged MDI of 500000 cycles is acceptable.

Discussion
FEM has been shown to be a useful tool when
investigating complex systems that are difficult to
standardize during in vitro and in vivo studies. It has
been used mostly to evaluate the influence of the type
of material and geometry on the stress distribution and
deformation during chewing cycles. Most of the studies
employed linear static models which are valid if the
structure exhibits a linear stress–strain relationship
and all the volumes are bonded as one unit. However,
realistic testing situations give rise to dynamic models
and nonlinearities, which can be classified in two main
categories: (1) material nonlinearities (that cause the
stiffness to change with different load levels) and (2)
geometric nonlinearities (such as nonlinearities in the
vicinity of a crack tip).
Main dilemma in application of FEM in dentistry
is to which extent is the numerical model equivalent
to the real biological system. Many studies have
shown significant trend regarding advancements and
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optimizations of FE models. Enhancements in software
and hardware have significant positive impact on this
trend. However, it is important to emphasize that even
with all improvements, it is still impossible (and will be
impossible in near future) to fully replicate the complexity
of the human body.
Bone, mucoperiosteum or teeth are complex
non-homogenous and anisotropic structures that are
simplified in FEA to be adapted for calculations. These
simplifications do not imply that the results obtained
from such models are useless, but should be taken with
caution. They are not conclusive and must be supported
with clinical researches. Examples presented in this
paper showed that the most valuable result of FEA was
identification of critical (high stress) areas of the physical
model.
Resulting stress distributions are useful, but
the stress values that would lead, for example, to the
mandible fracture are still not unquestionably defined
and there is no evidence of bone rupture due to implant
overload in clinical practice. Vast number of researches
was pointed to the prediction of bone mass loss in the
implant surroundings due to overload. It must be borne in
mind that this concept is still insufficiently explored and
that there is no reliable evidence of connection between
these phenomena. Bone resorption is a dynamic process
primarily influenced by biological factors.
For the aforementioned reasons, it can be
concluded that the finite element method should be used
as a tool for comparison and analysis of similar cases
and not as a tool for drawing final conclusions. Future
applications should be focused to optimization and
verification of bone models, temporo-mandibular joint,
teeth, implants, dentures, etc. Usefulness of FEM should
be reflected in testing the new hypotheses which can be
later confirmed in vivo. Differences (or similarities)
in hypotheses identified by means of finite element
calculations can be solid foundation for further clinical
researches.
Note: The results of this paper were presented as a part of
an invited lecture at the 22nd BaSS Congress.
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Prosthetics in Paediatric Dentistry
SUMMARY

Premature loss of teeth in children may lead to both functional and
esthetic problems. Missing teeth in both anterior and posterior regions
may cause malfunctions in mastication and proper pronunciation. If the
missing teeth are not replaced, further complications may occur, including
adjacent tooth migration, loss of alveolar bone, and irregular occlusion.
Considering the sensitive nature of children, loss of teeth may cause the
development of insecurities and low self esteem problems. Due to dynamic
nature of growth in children and adolescents, prosthetic appliances must not
hinder development of orofacial system, and must meet adequate esthetic
and functional standards. Dental prosthetic appliances in paediatrics must
be planned with respect to the special conditions that led to tooth loss or
damage. Multi-disciplinary approach is needed, under constant supervision
of paediatric dentist and orthodontist, as well as regular checkups with
clinical and radiographical examinations.

Key words: Prosthetic, Child, Dental Crown, Adhesive Bridge, Denture

Introduction
Premature teeth loss, both deciduous and permanent,
may cause functional problems in children, such as
malfunctions in mastication, improper teeth placement or
eruption and hindered pronunciation. Esthetical issues are
also present, as child may be mocked or bullied, leading to
insecurity, development of complexes and low self esteem.
Modern dental prosthetic appliances need to fulfill
several important criteria in order to be considered as an
adequate treatment options in children:
1. Rehabilitation of masticatory functions and efficiency:
Prosthetic appliance needs to be able to replace
missing teeth without hindering child’s ability to chew.
They must be designed properly to avoid or minimize
wear on the opposing dentition.
2. Protection of dental pulp: Vitality of dental pulp
should be preserved whenever possible. Prosthetic
restoration must be made with great care not to
disturb vitality of the tooth it is on (if vital), as well
as adjacent or opposite teeth. Prosthetic restoration
needs to be regularly checked and adjusted
accounting for child’s growth and development.

3.

4.

5.

Zoran Vulićević1, Miloš Beloica1,
Dušan Kosanović1, Ivana Radović1,
Jelena Juloski1, Dragan Ivanović2
1 Clinic

for Pediatric and Preventive Dentistry
Faculty of Dental Medicine
University of Belgrade, Serbia
2 Faculty of Medicine, University of East Sarajevo
Republic of Srpska, Bosnia and Herzegovina

REVIEW PAPER (RP)
Balk J Dent Med, 2017;78-82

Esthetic criteria: Restoring esthetics is one of the
pillars of modern dentistry. Caring about personal
appearance is very important to children, especially
in adolescence1. However, there are recent studies
showing that even children in preschool period
(age 3-5) have a developed consciousness about
their body image, and do care about how they are
perceived by other children and adults alike2.
Proper speech function: Missing teeth, especially in
anterior regions, may cause improper speech. Missing
incisors often lead to a child being unable to properly
pronounce dental consonants such as “t”, “d”, “n” and
in some languages “l”. Similar problems may develop
in children with cheilo-gnato-palatoschisis. This may
lead to development of improper speech patterns that
need to be corrected with the aid of speech therapist
after the missing teeth or defects are taken care of with
adequate prosthetic appliance.
Prosthetic appliance must support optimal and proper
development of teeth and their eruption, as well
as support growth of the dental arches, and facial
bones. Prosthetic appliances need to be regularly
maintained, adjusted and checked in order to prevent
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them from inhibiting proper orofacial development.
In that sense, considering the fluid and changing
environment of a child’s oral cavity, all dental
prosthetic appliances have a temporary function.
6. Prevention of harmful habits: missing teeth or
improper teeth alignment may cause the child to
develop bruxism (teeth grinding), or to repeatedly
clench their jaws. These habits can also develop
in some children as a response to pain, sometimes
during teeth eruption. Also, kids with certain medical
condition, such as cerebral palsy, are also prone
to develop bruxism. The purpose of the adequate
prosthetic appliance in these cases is to prevent
harmful habit by stabilizing occlusion and preventing
painful sensations.
7. Provision of space maintenance: If the missing teeth
are not replaced with a prosthetic appliance, adjacent
teeth can migrate towards the toothless alveolar
ridge, leading to occlusion problems and issues with
dental eruption.
8. Fixation of loosened teeth after trauma: Splints, both
wire and composite or fiber, perform a crucial role
in saving teeth that have been loosened by trauma.
Detailed examination with x-rays must be performed
before splinting the teeth, and regular dentist
supervision and checkups must be maintained for the
duration of the splint, to avoid ankylosis.
All of these criteria must be fulfilled in order to
create appropriate conditions for definite prosthodontics
once the adult age is reached.
In the past, when deciduous tooth was suffering from
extensive decay, most often outcome for such tooth was
extraction. Pulpotomytreatment, and large carious lesions
on primary teeth often led to failure of direct restorations,
due to inability provide adequate, saliva free working
environment and sufficient retention. Nowadays, crowns
are considered a viable alternative3. Indications for use of
dental crowns on deciduous teeth are:
1. developmental defects
2. fractured teeth
3. teeth after pulpal therapy
4. restoring multisurface caries, especially in patients
with high caries risk
5. teeth with extensive wear
6. teeth that need to function as an abutment for space
maintainer
Materials and designs used for such crowns varied
greatly over the years, and recent improvements in design
of dental materials have provided a variety of different
dental crowns. Most important factors considered by
dentists when choosing adequate crowns are durability,
esthetics, retentiveness, adaptability, placement time,
allergenicity and cost.
Stainless steel crowns first appeared as a full-toothcoverage treatment option as early as 1950’s4. These first
crowns, composed of nickel-chromium, were known to
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cause a variety of unwanted clinical symptoms, mostly
due to allergenic potential of nickel. Since then, design of
the crowns as well as metals used significantly changed5.
Nowadays stainless steel crown consist of blend of metals
that includes iron, chromium, carbon and 9% nickel, similar
to orthodontic wires (Figure 1). Stainless steel crowns
are known for their durability, as shown by Prabhakar et
al in their in vitro study6. Longevity of the crown mainly
relies on following proper protocols for crown placement,
especially in relation to margins. If it is possible, crown
margin should rest on healthy tooth substance, and if it is
not, then on amalgam or glass ionomer restorative material,
as studies have shown these two material demonstrate least
amount of microleakage7. Possibly the greatest issue with
stainless steel crowns is their poor esthetical appearance,
which limits their use to restoration of primary first
and second molars. Nevertheless, these crowns may be
esthetically satisfactory when veneered using composite
materials in frontal teeth.

Figure 1. Stainless Steel. Crown cemented in place

Zirconia crowns are relatively new in dentistry,
firstly introduced in 2001. by Suttor et al8. However, the
material itself has been in use in medicine since 1960’s,
in orthopedic application during hip surgeries. Zirconia
used in dental crowns is yttrium stabilized zirconia9.
This provides the dental zirconia with highest flexural
strength of all zirconia based materials, alongside high
chemical and erosion resistance. Furthermore, material is
biocompatible, hypoallergenic, and with similar durability
as natural enamel. As they cannot be adjusted (unlike
stainless steel crowns), zirconia crowns for primary teeth
come prefabricated with specific attributes. It is therefore
important to trial-fit using the mock-up crown before
cementing, to ensure proper tooth preparation, margin and
occlusion (Figure 2). Unlike traditional ceramic, zirconia
crowns for primary teeth demonstrate low wear on the
opposing dentition. Choi et al. in their in vitro study
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show that zirconia and stainless steel crowns demonstrate
lowest wear rates amongst materials for full coverage
paediatric dental crowns, and as such should be primary
choice, compared tolithium-disilcate glass ceramic and
leucite glass-ceramic10. Excellent esthetical appearance of
prefabricated zirconia crowns makes them fully usable in
restorations in both anterior and posterior regions (Figure
2), with good durability and lifespan, as shown by Ashima
et al.11.

Figure 3. Cemented zirconia crowns

Figure 2. Trial fitting with mock-up crowns before cementing

Partial removable dentures in children must be
planned with child growth and development in mind.
Design of dentures must be such that it allows for
modification when teeth erupt or migrate. That said,
long periods without a tooth (or tooth replacement) lead
to narrowing of alveolar processes and vertical alveolar
defects at sites with missing teeth, over eruption of
unopposed permanent teeth, and tipping of adjacent teeth12.
Tissue supported partial dentures are indicated
when we expect a child to be without a tooth for a
prolonged period of time, or when bone resorption
and remodeling is anticipated immediately following
extraction or traumatic tooth loss. They are also indicated
in severe cases of hypodontia, weather hereditary (like
ectodermal dysplasia) or after cyst or tumor operations.
Denture fabrications in early age, especially in cases
of hypodontia, may lead to significant improvements
in appearance, speech and masticatory functions. Such
positive changes may increase the self-confidence of the
child and aid in establishing proper dietary patterns. Balla
et al. showed that wearing tissue supported dentures does
not inhibit maxillar or mandibular growth13 .

Figure 4. Edentuous state in deciduous dentition, central incisors about
to erupt

Figure 5. Tissue supported denture
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Retention of tissue supported dentures in children is
most often achieved by extended body of acrylic base of
the denture, resting on alveolar ridge and palate (Figures
4 & 5). Clasps are only used when necessary, due to force
they administer to teeth, but some orthodontic springs
may be incorporated in the design of the denture to
facilitate necessary tooth movement (if needed).
In recent years, polyamide based dentures have
started to be more frequently used in paediatric dentistry,
mainly due to its higher elasticity, toxicological safety
and good esthetic14. Their high adaptability and elasticity
makes them especially suited for use in deciduous and
mixed dentition period.
Teeth supported dentures can be designed in
edentuous states following cyst or tumor operations in
mandibular or maxillar region (Figure 6). In these cases, it
would not be advisable to apply pressure on compromised
gingival or bone tissues, as that could lead to post-operative
complications, ulcerations and infections. Retention of
teeth supported dentures is achieved via dental clasps and
occlusal rests, minimizing as much as possible contact with
mucosae, while rigidity of the denture is ensured by the
supportive metal frame (Figure 7).

Figure 6. A 12 year old girl, status post osteosarcoma and mandibular
resection.

Figure 7. Teeth supported denture, retention with occlusal rests and
dental clasps
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All dentures designed must allow for proper hygienic
maintenance of both denture and child’s oral cavity,
and insure no damage to surrounding tissues. Regular
checkups and recalls must be made every 3-6 months, and
modifications must be made to match and accommodate
to child’s growth and development.
Loss of anterior teeth in children and adolescents is
more often a result of injury and/or complication from
previous trauma (like ankylosis or root resorption).
Central maxillary incisors are teeth most frequently
affected by trauma15. During period of childhood, and
especially in puberty, a non-invasive long term interim
restoration should be designed until implant is indicated.
Because of risk of complications such as implant
infraposition, implant therapy should be postponed until
adulthood is reached16.
Resin bonded or resin retained bridges represent
a minimally invasive option for replacing missing teeth.
This type of restoration was first described in 1970’s, and
since then, they have evolved significantly in both design
and materials used. First type of resin bonded bridge was
known as Rochettebridge, which generated its retention
through resin cement bonding through characteristic
perforated metal retainer. The commonly used nickname
for resin retained bridges “Maryland bridge” results
from the type of electrochemical etching developed at
university of Maryland, which improved and enhanced
resin bonding to the metal alloy.
In recent years, with development of new materials,
traditional metal-resin restorations are starting to slowly
be abandoned in favor of modern fiber reinforced
composites. Evolution of fiber products for dental use has
transitioned from plain fibers, over pre-impregnated fibers
to fully resin impregnated fibers. Most common types of
fibers for use in resin bonded bridges are polyethylene,
Kevlar and glass based fibers. Also, the fibers may be
unidirectional, braid, mesh/network or woven. Different
types of fibers and weaves create different adaptability and
manageability, as well as different capabilities to distribute
the force multidirectional. Majority of clinical studies
of resin bonded bridges report on unidirectional fibers,
and out of those, most used areglass fibers, mainly due to
their strength and aesthetics17. The use of fiber reinforced
composites in resin bonded restorations is advised for their
favorable elastic module in comparison to metal, and better
adhesion of the composite to the framework18.
Main advantages of resin bonded bridges are their
preservance of healthy tooth substance, needing no
or minimal preparations, reduced costs and generally
good patient acceptance19. Also, they tend to remove
pressure from mucosae and alveolar ridge (unlike tissue
supported partial denture), therefore reducing the risk
of alveolar bone resorption and possible complications
with future implant therapy. Careful planning is needed
in order properly distribute masticatory pressure on the
adjacent teeth. Resin bonded bridges are relatively easy
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to install, rarely require local anesthesia, and are therefore
appropriate for patients who may have increased anxiety
in dental chair, or are unable to devote themselves to
multiple dental appointments. Patients should, however,
be properly introduced and motivated of the importance
of adequate oral health and hygiene, as poor maintenance
of resin bonded bridge may lead to gingivitis, periodontal
issues, and failure of the restoration.
Most common reasons of failure of resin bonded bridge
are de-bonding, and discoloration and chipping, especially in
areas where fibers have been exposed to oral cavity. Majority
of the studies show that the expected survival rate of resin
bonded bridge to be around 72-74% after the period of 3-5
years20. Also, it is reported that anterior restorations can be
expected to last longer than posterior ones, as well as that
survival rate of resin bonded bridges in maxilla is higher as
opposed to mandible (81% vs 56% after 2.5 years). There is
however a definite lack of detailed, standardized information
in the literature concerning longevity of resin bonded
bridges. It is also important to note that developments of new
generations of composite restoration materials and bonding
agents can possibly question validity of the results of the
older publications.

Conclusion
Childhood and adolescence represent a period of
intense growth and development of orofacial system.
In such gentle period, replacement of missing teeth is of
vital clinical importance, and variety of materials and
restoration design options exist to ensure that proper
chewing, aesthetics and pronunciation are achieved.
Adequate prosthetic restoration in children or adolescents
must not in any way hinder proper development of jaw
bones, dental arches and permanent teeth, but rather
guide and preserve oral tissues in a minimally invasive
way to ensure that satisfactory definite restoration can be
achieved once adulthood is reached. Frequent checkups
and careful clinical supervision are advised, as well as
maintaining adequate oral hygiene of the patient.
Note: The results of this paper were presented as a part of
an invited lecture at the 22nd BaSS Congress.
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Is Dental Implantation Indicated in Patients with
Oral Mucosal Diseases
SUMMARY

Background/Aim: Dental implants are a reliable treatment choice
for rehabilitation of healthy patients as well as subjects with several
systemic conditions. Patients with oral mucosal diseases often exhibit oral
mucosal fragility and dryness, erosions, blisters, ulcers or microstomia
that complicate the use of removable dentures and emphasize the need
for dental implants. The aim of the current study is to review the pertinent
literature regarding the dental implantation prospects for patients with
oral mucosal diseases. Material and Method: The English literature was
searched through PubMed and Google Scholar electronic databases with
key words: dental implants, oral mucosal diseases, oral lichen planus
(OLP), epidermolysis bullosa (EB), Sjögren’s syndrome (SS), cicatricial
pemphigoid, bullous pemphigoid, pemphigus vulgaris, scleroderma/systemic
sclerosis, lupus erythematosus, leukoplakia, oral potentially malignant
disorders, oral premalignant lesions, oral cancer and oral squamous cell
carcinoma (SCC). Results: Literature review revealed dental implantation
in patients with OLP (14 articles), EB (11 articles), pemphigus vulgaris
(1 article), SS (14 articles), systemic sclerosis (11 articles), systemic lupus
erythematosus (3 articles) and oral SCC development associated with
leukoplakia (5 articles). No articles regarding dental implants in patients
with pemphigoid or leukoplakia without SCC development were identified.
Most articles were case-reports, while only a few retrospective, prospective
or observational studies were identified. Conclusions: Dental implants
represent an acceptable treatment option with a high success rate in
patients with chronic mucocutaneous and autoimmune diseases with oral
manifestations, such as OLP, SS, EB and systemic sclerosis. Patients with
oral possibly malignant disorders should be closely monitored to rule out the
development of periimplant malignancy. Further studies with long follow-up,
clinical and radiographic dental data are required to predict with accuracy
the outcome of dental implants in patients with oral mucosal diseases.

Key-words: Dental Implants, Oral Lichen Planus, Epidermolysis Bullosa,
Pemphigus Vulgaris, Sjögren’s Syndrome,
Systemic Sclerosis, Leukoplakia, Oral Carcinoma

Introduction
Dental implants are a reliable treatment choice
for rehabilitation of partially or completely edentulous
patients1. On the basis of the implant failure factors that
have been proposed, i.e. clinical or/and radiographic
findings that require implant extraction- pain or mobility
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during clinical examination or periimplant radiolucency
in dental x-rays2, the success rate of dental implantation
surpasses 90% during a 10-year-observation period3.
This high success rate generally refers to subjects
with unremarkable medical history. On the other hand,
medically compromised subjects, with systemic diseases
such as diabetes mellitus, osteoporosis, cardiovascular
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disease, immunosuppression etc. were considered to be
at an increased risk for implant placement and a number
of relative and absolute contraindications have been
suggested4-6.
Recently, investigators have proposed that head
and neck radiotherapy at a dose > 50Gy, intravenous
bisphosphonates therapy and chronic systemic
treatment with hormonal agents, corticosteroids or
immunosuppressive drugs may be considered to
be contraindications for implant placement7. Other
studies have stated that positive history for hepatitis,
cardiovascular diseases, rheumatic disorders and
osteoporosis are significantly associated with increased
rates of implant failure. However there is no consensus on
those issues, which still remain controversial8,9. Therefore
nowadays, the spectrum of indications for dental implants
in medically compromised patients has undergone many
modifications and has been widened.
In addition to the impact of systemic diseases, the
possible effect of oral mucosal diseases on the successful
rehabilitation with dental implants has attracted increasing
interest during the last decade1,10. The oral mucosal
soreness observed in several mucocutaneous diseases and
the oral dryness in patients with autoimmune disorders,
such as Sjögren’s syndrome (SS) or lupus erythematosus,
complicates the proper oral hygiene and predisposes to
increased dental caries, periodontal disease and infections
leading to further tooth loss11-13. Except for the oral
mucosal fragility and xerostomia in those subjects,
patients with rare diseases, such as epidermolysis bullosa
(EB) and scleroderma, are characterized by various
oral complications, e.g. blisters, tissue scars, induration
and microstomia, which hinder the use of removable
dentures and render dental implants not only a promising
therapeutic solution, but occasionally the single treatment
of choice12,14-16.
The aim of the present study is to review the
pertinent literature regarding the dental implant treatment
prospects for patients with oral mucosal diseases.

Materials and Methods
PubMed and Google Scholar electronic databases
were searched in April 2017 with the following key
words: dental implants, oral mucosal diseases, oral
lichen planus (OLP), EB, SS, cicatricial pemphigoid,
bullous pemphigoid, pemphigus vulgaris, scleroderma/
systemic sclerosis, lupus erythematosus, leukoplakia,
oral premalignant lesions, oral cancer, oral squamous cell
carcinoma (SCC). Only studies from the English literature
were selected. Prospective or retrospective clinical
studies, case studies or case-reports were included in the
current analysis. Review papers were excluded.
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Data retrieved included number of patients, patients’
demographics, history of autoimmune disorders, oral
manifestations, number of inserted implants and type
of prosthodontic restoration, implants success rate and
follow-up period. Implants were considered as successful
in case there was no need for removal at the study end
point; thus, the implant success rate coincided with the
survival rate. In cases with oral carcinoma development,
information about the time interval between the placement
of implants and cancer diagnosis, the site and clinical
presentation of cancer, prior positive oral cancer history
and smoking habits were also recorded. Studies regarding
dental implants in patients with de novo oral cancer, i.e.
without history of oral mucosal disease, were excluded.

Results
The literature review yielded 50 studies with regards
to dental implants in patients with oral mucosal diseases;
in particular, 14 studies referred to OLP13,17-29, 11 studies
to EB15,30-39, 1 study to pemphigus vulgaris40, 14 studies
to SS11-14,21,41-49, 11 studies to systemic sclerosis13,48-57,
3 studies to systemic lupus erythematosus (SLE)1429,44
and 5 studies to oral SCC development associated with
leukoplakia27,58-61. Five studies presented patients with
more than one oral mucosal disease13,21,27,29,48. Studies
regarding dental implants in patients with cicatricial
or bullous pemphigoid, as well as in patients with
leukoplakia that did not progress into oral malignancy,
were not identified.

Oral Lichen Planus

Our review identified 14 studies from the English
literature with 87 OLP patients (63 females and 24
males, female to male ratio: 2.63:1) who have received
more than 313 dental implants13,17-29. In 3 patients
information on the number of implants inserted was not
available27. In particular, 9 case reports13,19-22,25,26,28,29, 3
retrospective studies18,24,27 and 2 prospective controlled
studies17,23 were retrieved. In the majority of the patients,
OLP was diagnosed prior to implants’ insertion13,17-26;
in two studies implants were placed before and after the
diagnosis of OLP18,25, while in two studies information
regarding to exact time of implant insertion was
missing27,29. One OLP patient also suffered from SS21
and another from SLE29. At the time of first examination
OLP type was predominantly reticular or plaque-type in
19 (21.8%) patients, erosive or atrophic in 38 (43.7%)
patients and unspecified in 30 (34.5%) patients (Table
1). In 32 cases with available information on the intraoral
site of OLP lesions, the buccal mucosa and the gingiva
were mainly involved, followed by the tongue and palate
(Table 1). In 9 patients OLP lesions were noticed in
close proximity to the dental implants18,24. Desquamative
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gingivitis was reported in 16 subjects23,24. In symptomatic
OLP cases, a steroid-based therapy either topical or
systemic usually preceded implants insertion17,18,21-23,26.
Moreover, disease exacerbations during the postoperative
and the follow-up period were managed with topical
corticosteroids, antifungal agents or retinoids18,21,23,24. The
type of prosthodontic restoration was reported in 73/87
(83.9%) OLP patients and in the majority of the cases
(64/73, 87.7%) represented a fixed prosthesis13,17,19,23-29.
Among 87 OLP patients with dental implants, 8
women (9.2%) developed oral SCC, which presented as a
mandibular exophytic mass; two of them within the first year
following implant insertion27 and four 319,22 or 4 years26,27
post-insertion. In two patients the interval between implant

insertion and oral cancer development was unspecified29.
Three OLP subjects with SCC were smokers19,27, 2 had a
history of oral cancer22,27 and one had been also diagnosed
with oral leukoplakia27. Dental implants in close proximity
to the oral malignancy were removed19,22,26,27. In contrast,
244/288 implants survived in 79 OLP patients without SCC
development during a follow up period ranging from 21
months to 13 years (success rate = 84.7%)13,17,18,21,23-25,28.
Two implants failed in a patient with bruxism 32 and 60
months after their insertion20, while 42 implants were lost
in 20 patients with active OLP within the first year of their
placement17. These 42 implants were replaced with absolute
success for a 3-year-observational period17.

Table 1. Demographics and clinical data of OLP patients, number of implants, implants success rate, duration of follow-up and oral
SCC development
Reference

Patients

Gender

OLP type*

OLP Site*

Implants

Esposito et
al 200020

Age
(years)

Success
rate (%)

Follow-up
(months)**

SCC
development

1

F

69

erosive

NA

2

0

32, 60

no

F

72

erosive

2

100

21

no

F

78

erosive

buccal
mucosa,
gingiva
NA

2

100

21

no

F

74

NA

NA

4

100

72

no

F

63

gingiva

4

100

156 (2), 24
(1), NA(1)

no

F

68

1

100

36

no

F

5

100

NA

no

3

0

36

yes

4

0

36

yes

56

100

mean: 53.5

no

54

100

12 to 24

no

Esposito et
al 200321

2

Oczakir et
al 200513

1

Reichart
200625

3

79

reticular
(and atrophic)
reticular (and
atrophic)
atrophic

buccal mucosa, gingiva
gingiva
NA

Czerninksi
et al 200619

1

F

52

NA

Gallego et
al 200622

1

F

81

plaque-type (and
erosive)

Hernandez
et al 201223

18

14F, 4M

mean:
53.7

erosive (18)

Czerninksi
et al 201318

14

11F, 3M

mean:
59.5

erosive (6),
atrophic (5),
reticular (3)

Marini et al
201326

1

F

51

plaque-type

NA

2

0

108

yes

F

54

NA

NA

NA

NA

7m

yes

F

69

NA

NA

NA

NA

6m

yes

Moergel et
al 201327

3

palate, buccal
mucosa,
tongue
buccal
mucosa (18),
gingiva (11)
buccal
mucosa,
gingiva
(mainly)

F
80
NA
NA
NA
NA
51 m
Lopezmean:
erosive/atrophic
16
10F, 6M
NA
56
100
mean: 42
Jornet et al
64.5
(5), reticular (11)
24
2014
plaque-type,
Silva et al
1
F
54
tongue
5
100
24
reticular
201428
Raiser et al
2
2F
55, 70
NA
NA
16
<100
36, 96
201629
mean:
Aboushelib
23
12F, 11M
NA
NA
55
23.6
8-11
56.7
& Elsafi
42
100
36
201717
Abbreviations: OLP, oral lichen planus; F, female; M, male; NA, not available; SCC, squamous cell carcinoma
* Numbers in parentheses represent patients
** Numbers in parentheses represent implants

yes
no
no
yes
no
no
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Epidermolysis Bullosa

The first case of dental implants in EB patients
was published37 in 2000. To date, 11 studies (6 casereports15,30-34, 3 prospective35-37 and 2 retrospective
studies38,39) could be disclosed reporting rehabilitation
of 29 EB patients (19 females, 9 males, 1 gender not
specified) with 180 dental implants. EB patients exhibited
multiple bleeding blisters or ulcers, ankyloglossia,

microstomia, buccal and vestibular sulci obliteration, jaw
atrophy and formation of soft tissue scars15,30-39. Fixed
prostheses15,30-36,38,39 and removable overdentures35,37
were used in 22 and 7 patients, respectively, while
in five subjects with atrophic jaws implants were
inserted simultaneously with bone grafts31,38. During an
observational period ranging from 1 to 9 years, 177/180
(98.3%) implants were successfully retained (Table 2).

Table 2. Demographics of EB patients, number of implants, implants success rate and duration of follow-up
Reference

Patients

Penarrocha-Diago et al 200037

4

Penarrocha et al 200736

3

Penarrocha et al 200735

6

Lee et al 200732
Larrazabal-Moron et al 200931
Oliveira et al 201034
Müller et al 201033

1
1
1
1

Penarrocha-Oltra et al 201139

6

Penarrocha-Oltra et al 201238

4

Agustín-Panadero et al 201530
Letelier et al 201615

1
1

Gender
M
F
F
F
M
F
F
F
F
M
M
F
F
M
F
F
NA
F
F
M
F
F
M
M
M
F
F
F
F

Age (years)
30
35
30
26
29
44
43
23
36
28
29
44
43
29
52
17
NA, ≥20, <25
24
34
55
51
33
27
27
55
51
44
19
31

Implants
3
2
6
4
9
9
9
2
6
3
9
9
9
8
2
2
10
4
8
8
4
4
8
9
8
4
2
8
11

Success rate (%)
100
100
100
100
100
100
88.9
100
100
100
100
100
88.9
100
100
100
100
100
100
100
100
100
100
100
100
100
100
87.5
100

Follow-up (months)
36
12
24
48
36
60
24
108
96
84
36
60
24
17
18
30
NA, ≤60
24
36
12
24
12
48
24
12
48
24
18
6 (6), <12 (5)*

Abbreviations: EB, epidermolysis bullosa; F, female; M, male; NA, not available
* Numbers in parentheses represent implants

Pemphigus Vulgaris, Cicatricial Pemphigoid,
Bullous Pemphigoid

In contrast to OLP and EB, literature data on dental
implants in patients with other mucocutaneous disorders
are scarce. Literature review yielded only one case report
of a female patient with pemphigus vulgaris, medicated
with systemic corticosteroids and azathioprine, who had
received two implants and has been successfully followed
up for 32 months40. No case regarding dental implants in
patients with cicatricial or bullous pemphigoid has been
found in the literature.

Sjögren’s Syndrome

Implant rehabilitation in a SS patient was initially
reported62 in 1993 and since then more than 428 dental
implants have been placed in 115 SS subjects (105
females, 5 males, 5 gender not specified), documented by
10 case-reports11,13,14,21,41-46, 3 retrospective studies12,48,49
and 1 observational cohort study47. In one study,
information on the number of implants inserted was not
available42. Forty seven (40.9%) patients were diagnosed
with primary SS12,13,21,41,45,46, one of whom also suffered
from OLP21. Dental implants were also placed in thirty
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three patients (28.7%) with SS associated with other
autoimmune diseases (20 with rheumatoid arthritisRA11,43,45,48,49, 2 with SLE14,44, 1 with scleroderma13,
1 with RA and scleroderma48, 9 unspecified12). In 35
(30.4%) An SS case, information about concomitant
connective tissue diseases was not available11,42,47. Data
regarding the prosthodontic rehabilitation was available

in 12 studies involving 81 SS subjects; in particular, fixed
prostheses were selected in 6 studies14,41,43-46, removable
overdentures in 1 study21 and both prosthodontic
restoration types were used in 5 studies11-13,48,49. Of the
407 dental implants with available survival rates, 22 failed
during a follow-up period ranging from 1 to 13 years,
corresponding to a success rate of 94.6 % (Table 3).

Table 3. Demographics of SS patients, number of implants, implants success rate and duration of follow-up
Reference

Gender Age (years) Implants Success rate (%) Follow-up (months)
F
38
12
75
96
3
F
38
6
100
12
Payne et al 199745
F
40
8
100
12
F
53-70
6
50
48
F
NA
5
60
48
F
NA
10
100
48
F
NA
6
100
48
Isidor et al 199911
8
F
NA
4
100
48
F
NA
7
57.1
48
F
NA
6
100
48
F
NA
8
75
24
Esposito et al 200321
1
F
72
2
100
21
Binon et al 200541
1
M
76
6
100
156
F
63
4
100
24
13
2
Oczakir et al 2005
F
64
8
100
60
NA
NA
6
NA
91
NA
NA
3
NA
46
Weinlander et al 201049
4
NA
NA
4
NA
48
NA
NA
8
NA
42
Spinato et al 201046
1
F
62
6
100
12
Ergun et al 201044
1
NA
NA
6
100
24
F
68
6
100
96
F
48
3
100
48
F
42
4
100
50
F
72
8
100
44
48
8
Krennmair et al 2010
F
41
3
100
49
F
52
4
100
52
F
55
4
100
34
F
41
7
100
42
de Mendonça Invernici et al 201443
1
F
58
3
100
72 (2), NA (1)*
Korfage et al 201512
50
46F, 4M mean: 67
144
97
mean: 46
Chochlidakis et al 201614
1
F
71
6
100
14
Albrecht et al 201647
32
32F
mean: 64.5
105
99
mean: 59
F
NA
NA
100
18
2
Chatzistavrianou and Shahdad 201642
F
NA
NA
100
24
Abbreviations: SS, Sjögren’s syndrome; F, female; M, male; NA, not available
* Numbers in parentheses represent implants

Systemic Lupus Erythematosus

Patients

Limited literature data exist regarding dental
implants in SLE patients. Ergun et al.44 reported the
successful placement of six dental implants in a patient
with dry mouth, diagnosed with SLE and SS, who was
followed for 2 years. Moreover, one OLP patient treated
with dental implants had a positive history for SLE and
ultimately developed a mandibular SCC29.

Systemic Sclerosis

Eleven studies (9 case reports13,50-57 and 2 retrospective
studies48,49) reported rehabilitation of 11 systemic
scleroderma patients (6 females, 1 male, 4 with unknown
gender) with more than 61 dental implants. Microstomia,
difficulty in mastication, root resorptions and advanced
periodontal disease were observed in most patients50-55,57.
Five patients suffered from systemic sclerosis alone50-53,55,
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one was diagnosed with concomitant SS13, one with SS and
RA48, whereas in 4 cases there was no information13,48,49,56.
Eight scleroderma patients were rehabilitated with a fixed
implant-supported prosthesis48-52,54,55,57 and three with

overdentures13,53,56. Forty one out of 42 dental implants in 6
patients with known outcome13,48,49,52,56,57 were successfully
followed up for a period of 2 to 5 years (success rate= 97.6%,
Table 4).

Table 4. Demographics of systemic sclerosis patients, number of implants, implants success rate and duration of follow-up
Reference

Patients

Jensen & Sindet-Pedersen 199052
1
Langer et al 199253
1
Raviv et al 199656
1
Patel et al 199855
1
Haas 200251
1
Oczakir et al 200513
1
Krennmair et al 201048
1
Weinlander et al 201049
1
Zigdon et al 201157
1
Nam et al 201254
1
Baptist 201650
1
Abbreviations: F, female; M, male; NA, not available

Gender

Age (years)

Implants

M
F
NA
F
F
F
F
NA
NA
NA
F

41
54
65
54
49
64
55
NA
45
NA
61

9
2
3
4
7
8
4
6
12
NA
6

Leukoplakia/Oral SCC

The review of the pertinent literature revealed 16 patients
with clinically diagnosed leukoplakia who had developed SCC
in the vicinity of dental implants (9 females, 7 males, female
to male ratio= 1.3:1; age range= 42-88 years, mean age= 69.4
years)27,58-61. In 14/16 patients implant rehabilitation was
established with removable prostheses27,58,59, in one subject
with a fixed prosthesis61, while in one case information
regarding prosthodontic restoration was missing60. Twelve out

Success rate
(%)
88.9
NA
100
NA
NA
100
100
100
100
NA
NA

Follow-up
(months)
24
NA
24
NA
NA
60
34
46
36
NA
NA

of the 16 subjects (75%) had a positive history of oral cancer
(Table 5). At the time of periimplant carcinoma diagnosis,
5/16 (31.3%) patients were current smokers, 3/16 (18.6%)
past smokers, 4/16 (25%) non-smokers, whereas data about
smoking habits were missing in 4 (25%) cases (Table 5).
Periimplant cancer predominantly involved the mandible
(15/16-93.6% cases), mainly as an exophytic mass or gingival
hyperplasia mimicking periimplantitis, and less often as an
ulcer (Table 5).

Table 5. Demographics, smoking habits and positive oral SCC history in patients with leukoplakia who developed SCC after implant
placement, number of implants, interval between implants insertion and SCC diagnosis, SCC site and clinical picture
SCC
SCC Smoking History of
clinical
site
habits
oral SCC
picture
Block and Scheufler
periman
past
yes
1
M
72
8
5
200158
implantitis
60 (1st SCC), 84 (2nd
ex, periShaw et al 200461
man
NA
yes
1
F
69
3
SCC)
implantitis
periGulati et al 200959
man
past
yes
1
F
72
5
96
implantitis
F
63
NA
42
ex
man
no
yes
F
70
NA
48
ex
man
yes
yes
M
72
NA
43
ex
man
no
yes
M
57
NA
120
ex
man
yes
yes
M
72
NA
43
ex
man
NA
no
M
88
NA
115
ulcer
man
no
no
Moergel et al 201327
12
F
42
NA
42
ulcer
man
NA
yes
F
59
NA
29
ulcer
man
NA
yes
M
73
NA
97
ex
max
past
yes
M
77
NA
43
ex
man
yes
no
F
68
NA
110
ex
man
yes
yes
F
80
NA
51
ex
man
yes
no
Kaplan et al 201660
1
F
77
NA
NA
ex
man
no
yes
Abbreviations: SCC, squamous cell carcinoma; F, female; M, male; NA, not available; ex, exophytic mass; man, mandible;
max, maxilla
Reference

Patients

Gender

Age
Implants
(years)

Interval between
implant insertion and
SCC diagnosis
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Discussion
The present study summarizes the current evidence
regarding dental implantation in patients with oral
mucosal diseases. It was interesting to note that the
number of studies available on this topic is constantly
increasing which can be possibly explained by the
functional, esthetic, and psychological benefits that
these patients experience, which urge investigators to
explore the implant treatment prospects in this group of
individuals.
OLP and SS represent the two disease entities that
have been more extensively investigated so far10,14,63,
although concerns have been raised in the past about
the long-term success of dental implantation in those
patients. It has been speculated that the health of the
periimplant tissues in OLP patients may be compromised
by the impaired attachment of the oral epithelium to the
titanium surface, leading to a defective mucosal block
to microorganisms64. Moreover, it has been suggested
that upregulated pro-inflammatory cytokines induced by
oral epithelial cells in OLP subjects stimulate resorption
of the periimplant alveolar bone65,66. In contrast, the
current literature seems to encourage dental implantation
in OLP patients. According to three studies which
compared the outcome of dental implants between OLP
subjects and healthy controls18,23,24, no difference was
detected between the two groups in terms of implant
stability and development of periimplant mucositis or
periimplantitis. These findings suggest that the disease
severity or the intraoral site of involvement do not
seem to affect the survival of dental implants18,23,24.
However, detailed description of the clinical forms
of the disease and information on the site affected is
missing in several studies. Furthermore the number of
cases with desquamative gingivitis23,24 is quite small
or information on implant placement adjacent to OLP
lesions18,24 is scarce and thus a protocol on clinical
management of these cases cannot be established. Dental
implants should not be inserted during the acute phase
of the disease17,23 and caution should be exercised in
patients with parafunctional habits, due to an increased
risk for failure20. Treatment with topical (e.g. clobetasol
propionate mouthwashes or ointment, dexamethasone,
triamcinolone acetonide) or systemic corticosteroids (e.g.
oral prednisone) should precede the placement of implants
in symptomatic OLP cases and medication should be
re-implemented in case of exacerbations during the
follow-up period17,18,21,23. Long term systemic steroid
therapy, although rare, may lead to immunosuppression
and subsequently interfere with the mucosal healing
capacity18.
The long-term survival of dental implants in SS
patients has been previously challenged by the disturbed
immune response caused by the disease itself and the
chronic immunosuppressive therapy4. However, to date,
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implant restoration in SS subjects has shown favorable
results. According to a retrospective study evaluating
the implant outcome in SS patients and healthy controls,
the survival rates of dental implants, the incidence
of periimplant mucositis, periimplantitis and several
periimplant clinical indices (bleeding index, plaque index
etc.), were comparable between the two groups12. A
subsequent observational cohort study provided similar
results47. According to the reviewed literature, in the
present study no significant differences in the implant
survival rates between patients with primary or secondary
SS associated with other autoimmune disorders, could be
detected, which is in accordance with previous reports12.
Data on dental implants in patients with other
autoimmune diseases, including pemphigus vulgaris, SLE
or pemphigoid, as well as in patients with leukoplakia
without malignant transformation are scarce or
missing29,40,44. In contrast, implants have been evaluated
in patients with rare disorders involving oral mucosa, such
as EB and systemic sclerosis10. The severe microstomia,
which is a common complication of both aforementioned
diseases, and the tendency for blister formation after
minor trauma seen in EB, cause significant difficulties in
the use of conventional prostheses and, therefore, stress
the need of a therapeutic alternative.
Despite the small number of patients treated,
literature favors dental implantation in EB subjects15,30-39.
Precautionary measures during implant surgery in EB
patients include lubrication of lips and intraoral tissues
with petroleum jelly and close contact of the aspirator
with the bone rather than the mucosa. Local anesthesia
is preferable versus general to avoid intubation-induced
ulcers and should be performed slowly and deeply into the
oral soft tissues to reduce the risk of blistering30,31,35-37,39.
Bone grafting simultaneously to implant placement is
effective in case of severe jaw atrophy31,38 and fixed
prostheses are preferred compared to overdentures35 in
order to avoid irritation of the fragile oral mucosa during
mastication37.
Dental implants have also been considered a
viable therapeutic solution in patients with systemic
sclerosis, who have difficulty to handle and tolerate
the removable dentures, because of limited mouth
opening and finger deformities52,53,55. Implant-supported
prostheses contribute decisively to the improvement of
function, aesthetics and sociability of these patients50. In
particular, implant placement in the anterior maxillary
and mandibular portion between the canines is indicated
to ensure stability of the prosthetic restoration and the
improvement of facial aesthetics67. However, due to the
scarce literature on dental implantation in scleroderma
subjects, and the lack of detailed information on the
observational period and the success rates13,48-57, further
studies are warranted to propose specific treatment
recommendations50.
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Patients with oral potential malignant disorders,
such as leukoplakia and OLP, are at risk for cancer
development. Prior to case selection for implant therapy,
factors, e.g. tobacco or alcohol consumption, should
be modified68. Short-interval follow-up examinations
are crucial after implant rehabilitation to early detect
possible malignant transformation68,69. Implant-supported
prostheses should be regularly removed in order to
clinically evaluate the periimplant soft tissues and,
thus, fixed prostheses should be selected with caution,
especially in patients with a positive history of cancer and
risk for recurrence27,61. A carcinoma adjacent to dental
implants may manifest as an exophytic mass mimicking
an inflammatory reactive lesion of the gingivae or
periimplantitis27,58, and efforts to manage through
periodontal treatment may cause delay in diagnosis59.
Thus, tumors and ulcers arising in the proximity of
dental implants, resistant to conventional therapeutic
measurements, should be biopsied and submitted to
histopathological examination27,59,69.

Conclusion
In conclusion, based on the reviewed literature,
dental implants represent an acceptable and reliable
treatment option with a high success rate in patients
with chronic mucocutaneous diseases and autoimmune
diseases with oral manifestations. However, further
well-designed prospective studies, with long meticulous
follow-up, are required to define treatment guidelines and
recommendations and predict with accuracy the implant
outcome in this group of patients.
Note: The results of this paper were presented as a part of
an invited lecture at the 22nd BaSS Congress.
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SUMMARY

Background: The aim of this study was to assess the oral healthrelated quality of life in adult patients who visit the Dental Clinic of the
Faculty of Stomatology, Pancevo, using a Serbian version of 14-items Oral
Health Impact Profile (OHIP14) Questionnaire. Material and Methods:
A total of 89 respondents (42 women and 47 men, mean age 52.83 ±
13.74 years) filled in the questionnaire themselves. Three calibrated
dentists recorded the oral health status of the respondents (number of
healthy, decayed, filled and missing teeth), the type and time of wearing
prosthodontic replacements, if they existed, and assessed the need for
prosthodontic treatment. The total OHIP-14 score was calculated by adding
scores for all fourteen items; OHIP-14 subscale scores were calculated
by adding the scores for the two items in each of the seven subscales.
Results: Mean total OHIP score was 10.25 ± 8.89. Patients with less than
eight extracted teeth, wearers of fixed prosthodontic appliances and patients
without replacements who did not need prosthodontic treatment reported
better oral health-related quality of life. The most severe oral impacts
assessed by the subscale OHIP14 scores were recorded in psychological
discomfort (2.44 ± 2.18), physical pain (1.87 ± 1.73) and psychological
disability subscale (1.83 ± 1.88). Women more often than men were
dissatisfied with their diet and had been irritable in contact with other
people. Conclusion: Further studies using the OHIP14 questionnaire in a
larger sample will permit identification of key factors related to poor oral
health and planning of treatment protocols and preventive programs for the
adult population in Serbia.
Key words: Oral Health-Related Quality Of Life, OHIP14, Oral Health,
Missing Teeth, Prosthodontics

Introduction
Oral diseases are significant public health burden
worldwide but often not given adequate attention in
many low and middle income countries. Oral diseases
affect people’s everyday lives subtle but pervasive,
disrupting eating, sleep, work and social roles. Oral
health is essential to overall health, well-being and
quality of life. Health-related quality of life (HRQoL)
is multidimensional concept which includes patients’
physical, psychological and social well-being. A major
factor that can strongly affect the overall HRQoL is the
oral health of the individual1, 2.
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Although a relatively new concept, oral healthrelated quality of life (OHRQoL) receives rapidly growing
attention. The concept of OHRQoL is of special interest for
oral health promotion and access to oral health care in the
community3. At the clinical research level, this concept is
used to determine the patient’s treatment needs, the specific
type of treatment and to evaluate treatment outcome.
Since the quality of life is found to be an important
outcome of dental care, a need for developing a range of
instruments to determine oral health-related quality of
life has arisen. OHRQoL can be measured using twenty
indexes developed in the original English version, with
numerous translations into other world languages4. The
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Oral Health Impact Profile (OHIP) measures peoples’
subjective perceptions of disability and discomfort caused
by oral conditions5. The OHIP-49 contains 49 questions that
refer to functional limitation, physical pain, psychological
discomfort, physical disability, psychological disability,
social disability, and handicap. The OHIP-14 was developed
as a shorter version expressing good reliability, validity and
precision6. For each question, the subjects are asked how
frequently they had experienced the problem in the last
month. Responses are rated using a Likert-type scale (0 =
never, 1 = hardly ever, 2 = occasionally, 3 = fairly often, 4
= very often). Zero indicates the absence of any problems,
while high scores point to severely impaired oral health5.
Studies in the field of oral health in Serbian
population are relatively new and few. The Serbian
version of the OHIP-14 index was introduced in the
pilot study of Stancic et al.7, who found that 60% of
elderly people felt that life was generally less satisfying
as a result of impaired oral health. The other pilot study
of OHRQoL, measured using the Oral Impacts on Daily
Performances (OIDP) index, reported that impaired oral
health dominantly affected eating, speaking, social and
emotional well-being of Serbian elderly adults8.
One of the instruments developed for the assessment
the oral health problems of older adults was the Geriatric
Oral Health Assessment Index (GOHAI)9. The pilot study
of oral health related quality of life in Serbian geriatric
patients before and after prosthodontics rehabilitation
showed that the Serbian preliminary version of the
GOHAI questionnaire confirmed the consistency, stability,
and validity of the questionnaire and revealed the causal
relation between the quality of life and the characteristics
of oral health of the patients with dentures10. Studies
applying Serbian version of OHIP-14 and GOHAI
questionnaire provided more in-depth analysis of patients’
condition and could be very useful for treatment planning
and estimation of dental treatment outcome11.
The aim of our study was to apply the OHIP-14
questionnaire to determine the incidence and extent of
oral impacts on quality of life related problems among
patients who visited the Dental Clinic of the Faculty
of Stomatology Pancevo for the first time, prior to any
treatment, and to assess the relations between their dental
status, treatment needs and OHRQoL.

Material and Methods
This study included a suitable sample of 89 urban
adults who visited the Dental Clinic of the Faculty of
Stomatology, Pancevo, during March - April 2015,
seeking restorative or prosthodontic treatment. Patients
with a medical history of chronic or systemic diseases and
disabilities, and those with acute dental symptoms/pain
were not included in the investigation. All patients signed
an informed consent form. The study was approved by
Ethical committee of Faculty of Stomatology Pancevo.
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To assess the impact of oral health status on healthrelated quality of life, we used the Serbian version of the
OHIP-14 index7. Additionally, data about age, educational
and occupational background were recorded.
The respondents filled in a questionnaire themselves.
Three previously trained and calibrated dentists were
at their disposal to provide explanations regarding the
questions, without suggesting the answers. These dentists
conducted the clinical examination in a dental surgery,
under artificial light, using a dental mirror and probe.
They recorded the dental status of each patient (numbers
of healthy, decayed, extracted or filled teeth), as well
as the presence, type and approximate time of wearing
prosthetic replacements. It was noted whether the patient
had an adequate prosthetic appliance, and whether he
or she needed prosthetic treatment. How long patients
without any replacements but who needed prosthodontic
treatment had been without their teeth was also recorded.
OHIP-14 scores were calculated in two ways12:
first, the total OHIP-14 score was calculated by summing
responses over all fourteen items, with possible scores
ranging from 0 to 56; secondly, OHIP-14 subscale scores
were calculated for each of seven dimensions indicated in
Table 5 by adding scores for the two items in each subscale.

Statistics
Statistical analyses were performed using SPSS
for Windows (release 17.0, SPSS, Chicago, IL). Mean
differences in OHIP-14 scores according to age, sex,
educational level, occupation and the presence of
different prosthetic appliances were assessed by ANOVA.
Differences in dental status expressed by the number of
healthy, decayed, extracted or filled teeth between the sexes
were evaluated using the t-test. Statistical significance was
based on probability values of less than 0.05.

Results
This study included 42 women and 47 men. The
mean age of the patients was 52,83 ± 13,74 years (range
19 to 72 years, median 56). Mean total OHIP-14 score
(Table 1) in the whole sample was 10.25 ± 8.89 (95%
confidence interval – 8.38 to 12.12). Total OHIP score
was 9.06 ± 8.38 for men and 11.57 ± 9.35 for women
(p>0.05). Data pertaining to age, educational level and
occupation were missing for ten (11.24%), three (3.37%)
and nine (10.11%) patients, respectively. This loss of data
could be expected and tolerated when self-complete form
of questionnaire is used. No significant differences in total
OHIP score related to sex, age, education and employment
status of the subjects were detected.
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Table 1. The sample characteristics and differences in total OHIP-14 scores according to gender,
age, educational and working status
95% Confidence
interval for mean
Lower
limit

Upper
limit

N

χ͞

SD

SE

male

47

9.06

8.38

1.222

6.60

11.52

0

35

female

42

11.57

9.35

1.442

8.66

14.48

0

35

Total

89

10.25

8.89

.942

8.38

12.12

0

35

30 to 45

17

10.76

7.45

1.806

6.94

14.59

0

21

46 to 65

50

10.96

10.04

1.419

8.11

13.81

0

35

over 65

12

8.42

7.63

2.204

3.57

13.27

1

23

elementary

10

9.20

7.69

2.430

3.70

14.70

1

23

high school

48

10.27

9.43

1.361

7.53

13.01

0

35

university

28

10.46

8.80

1.664

7.05

13.88

0

33

employed

27

10.11

10.01

1.927

6.15

14.07

0

35

unemployed

21

9.52

8.57

1.870

5.62

13.43

0

26

Min

Max

F

p

Gender:

1.782

ns

0.375

ns

0.074

ns

Age (years):

Education:

Employment status:

retired
32
9.81
8.98 1.587
6.58
13.05
0
35
0.024
χ͞ - mean OHIP score; SD – Standard deviation; SE – standard error; p – statistical significance; ns-not significant

The average number of healthy (untereated) teeth
was 9.41 ± 6.63 in the whole sample, while the mean
number of decayed teeth was 2.52 ± 3.22; 12.75 ± 8.39
had been extracted and 6.11 ± 4.15 filled (Table 2).
No statistically significant differences in dental status
between men and women were found.
Table 2. The mean number of healyhy, decayed, missing and
filled teeth according to gender
Total
(n = 89)

Men
(n = 47)

Women
(n = 42)

p

Healthy
teeth

9.41(±6.63)

8.57(±6.45)

10.37(±6.79)

ns

Decayed
teeth

2.52(±3.22)

2.35(±3.48)

2.71(±2.93)

ns

Missing
teeth

12.75(±8.39) 13.91(±8.90)

11.44(±7.68)

ns

Filled teeth

6.11(±4.15)

5.83 (±3.92)

ns

p – statistical significance
ns-not significant

6.37(±4.37)

ns

The differences in total OHIP scores according to
the number of missing teeth are given in Table 3. Patients
with more than eight teeth missing had the highest total
OHIP score (11.94 ± 9.29), while it was 9.47 ± 8.37 for
those with up to four and 5.44 ± 6.21 for patients with five
to eight missing teeth (F = 3.60, p = 0.03).
Among all subjects, 42 (47%) had no prosthetic
appliances, 19 (21%) had fixed prosthetic appliances
(crowns and bridges), 8 (9%) had a combination of
fixed appliances and/or partial dentures, 15 (17%) had
immediate partial dentures, while 5 patients (6%) wore
complete dentures. We found that 34 out of 42 patients
(81%) who had no prosthetic appliances needed prosthetic
rehabilitation. The average period of time that they had been
without teeth was 3.19 ± 2.55 years. Among 43 respondents
who already had replacements 29 (67%) required new ones.
On average, the replacements were 7.77 ± 5.51 years old.
The presence and type of prosthetic replacement
affected the total OHIP score (Table 4). Patients with
crowns and/or bridges had the lowest total OHIP score
(5.00 ± 5.82), while the highest scores were recorded
among wearers of immediate partial (17.14 ± 8.88) and
complete dentures (16.00 ± 11.58), with a significant
difference between the groups (F = 5.002; p = 0.001).
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Table 3. Mean OHIP-14 score according to the number of missing teeth
95% Confidence interval
for mean

Number of
missing teeth

N

χ͞

SD

0-4

19

9.47

8.37

5-8

16

5.44

>8

54

11.94

SE

Lower limit

Upper limit

Min

Max

1.92

5.44

13.51

0.00

26.00

6.21

1.55

2.13

8.74

0.00

21.00

9.29

1.26

9.41

14.48

0.00

35.00

F = 3,60; p = 0,03
χ͞ - mean OHIP score; SD – Standard deviation; SE – standars error
Table 4. Total OHIP-14 score according to the type of prosthetic replacement
95% Confidence Interval for Mean
N

χ͞

SD

SE

Lower limit

Upper limit

Min

Max

Without replacements

42

9.32

8.45

1.320

6.65

11.99

0

35

Crowns/bridges

19

5.00

5.82

1.372

2.11

7.89

0

21

8

10.43

8.66

3.272

2.42

18.44

1

22

Immediate partial
denture

15

17.14

8.88

2.374

12.01

22.27

5

33

Complete denture

5

16.00

11.58

5.177

1.63

30.37

7

35

Fixed partial denture

df = 4; F = 5,002; p = 0,001
χ͞
- mean OHIP score; SD – Standard deviation; SE – standard error

Table 5. Mean subscales OHIP-14 scores and frequencies of “often” or “very often” responses

OHIP-14 item

Distribution of
“often”
or “very often"
answers (%)

Mean Subscale
OHIP score
(±SD)

Men

Women

p

Functional limitation

1 Trouble pronouncing any words
2 Sense of taste has worsened

1.18%

0.71
(±1.02)

0.74
(±1.13)

0.67
(±0.90)

ns

Physical pain

3 Had painful aching in your mouth
4 Uncomfortable to eat any foods

12.91%

1.87
(±1.73)

1.96
(±1.91)

1.76
(±1.53)

ns

Psychological
discomfort

5 Been self conscious
6 Felt tense

22.35%

2.44
(±2.18)

2.21
(±2.00)

2.69
(±2.36)

ns

Physical disability

7 Diet has been unsatisfactory
8 Had to interrupt meals

10.59%

1.52
(±1.83)

1.10
(±1.52)

1.95
0.032
(±2.06)

Psychological
disability

9 Difficult to relax
10 Been a bit embarrassed

9.41%

1.83
(±1.88)

1.57
(±1.79)

2.12
(±1.95)

Social disability

11 Been a bit irritable with other people
12 Had difficulty doing your usual jobs

5.88%

1.01
(±1.51)

0.68
(±1.12)

1.38
0.033
(±1.79)

Handicap

13 Felt that life in general was less satisfying
14 Been totally unable to function

2.35%

0.89
(±1.13)

0.79
(±1.10)

1.00
(±1.17)

SD – standard deviation; p – statistical significance; ns-not significant

ns

ns
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The most severe oral impacts assessed by the
subscale OHIP-14 scores were recorded in psychological
discomfort (2.44 ± 2.18), physical pain (1.87 ± 1.73) and
psychological disability (1.83 ± 1.88) subscale, while the
least severe impacts (0.71 ± 1.02) were in the functional
limitation subscale (Table 5). Oral pain frequently
affected 3.37% of respondents, while 50.56% of the
subjects reported occasional painful aching in the mouth.
The majority of respondents reported no oral impacts on

pronouncing words (n = 67) or ability to function (n =
66) and no changes of taste sense (n = 62).
Mean OHIP-14 scores calculated separately for
each item (Table 6), were significantly higher in women
than in men concerning unsatisfactory diet (item 7; 1.17
± 1.46 vs 0.55 ± 1.02, p = 0.022) and being somewhat
irritable with other people (item 11; 0.79 ± 1.02 vs 0.36
± 0.82, p = 0.030).

Table 6. Distribution of OHIP items, ranging from 0 (never), 1 (hardly ever), 2 (occasionally), 3 (very often) to 4 (fairly often) and
mean OHIP-14 scores
Women
OHIP score (SD)

p

0.36 (0.70)

0.29 (0.55)

ns

0. 38 (0.65)

0.38 (0.64)

0.38 (0.66)

ns

0

0. 68 (0.75)

0.72 (0.85)

0.62 (0.62)

ns

7

10

1. 22 (1.40)

1.26 (1.42)

1.14 (1.39)

ns

22

16

9

1. 57 (1.38)

1.49 (1.30)

1.67 (1.48)

ns

24

13

5

3

0. 87 (1.08)

0.72 (0.90)

1.02 (1.24)

ns

57

6

15

5

6

0. 84 (1.28)

0.55 (1.02)

1.17 (1.46)

0.022

8

48

29

7

4

1

0. 66 (0.89)

0.55 (0.88)

0.79 (0.90)

ns

9

49

23

12

3

2

0. 72 (0.98)

0.62 (0.90)

0.83 (1.06)

ns

10

32

26

22

7

2

1. 11(1.06)

0.96 (1.02)

1.29 (1.09)

ns

11

57

22

4

4

2

0. 56 (0.94)

0.36 (0.82)

0.79 (1.02)

0.030

12

59

23

4

3

0

0. 45 (0.74)

0.32 (0.56)

0.60 (0.89)

ns

13

53

23

10

1

2

0. 61 (0.90)

0.51 (0.93)

0.71(0.86)

ns

14

66

22

0

1

0

0. 28 (0.52)

0.28 (0.45)

0.29 (0.60)

ns

Question

0

1

2

3

4

Total
OHIP score (SD)

Men
OHIP score (SD)

1

67

16

5

1

0

0. 33 (0.64)

2

62

21

5

1

0

3

41

39

6

3

4

41

15

15

5

30

12

6

44

7

p – statistical significance; ns-not significant

Discussion
The convenient, small sample of patients examined
here, may be considered a limitation of this study. Most
of these patients visited the Dental Clinic of the Faculty of
Stomatology, Pancevo due to the possibility of receiving
free dental care. This includes not only prosthetic
rehabilitation, but also conservative, endodontic,
periodontal and surgical treatment. In most dental clinics,
both private and public, dental treatment is not fully
covered by standard health insurance. Certainly, the part
of the population that can afford adequate and prompt
dental treatment and, therefore, probably with better oral
health-related quality of life, was not in the majority in

our research, so these results cannot be generalized and
applied to the entire adult population of Vojvodina. Due
to these limitations, this study should be considered a
prospective one.
We used the self-completion questionnaire format of
the Serbian version of the OHIP-14 index. The method
of administration did not significantly influenced total
OHIP14 scores, although more severe impacts were
reported in some studies that used the interview compared
to the questionnaire format of this index13. The use of the
OHIP14 in the questionnaire format may result in loss of
data and omission of answers. In our study the proportion
of respondents who answered all the questions regarding
age and social status was 88.76%. Although Stancic et
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al.7 suggested that item nr. 5 should be omitted in Serbian
version of OHIP 14 questionnaire, participants of this
study answered it without asking for clarification.
We found that psychological discomfort, physical
pain, physical and psychological disability were the
most common oral impacts, frequently affecting 9.41%
to 22.35% of the respondents. Functional limitations and
handicaps were the least severe oral impacts.
No significant differences in total OHIP scores
according to the respondents’ age, sex, educational level
and occupation were noted in our study, although others
indicated a considerable impact of social determinants
on self-perceived oral health-related quality of life14,
15.
Consistent with the results of earlier studies16, 12,
we found that women perceive that oral health affects
quality of life to a greater extent compared to men.
Respondents older than 65 years of age subjectively
perceived oral health problems less frequently than the
younger participants, although the differences in total
OHIP scores between different age groups were not
statistically significant. Slade and al.17 reported that
negative subjective perception of oral health problems is
more common early in adulthood than in old age. This
pattern probably indicates that young people have high
expectations regarding oral health, while elderly express
greater resilience. The older respondents more often seek
medical than dental care, and dental treatment was mostly
needed due to pain.
Summarized, the oral characteristic of our sample
was a great number of extracted teeth (12.75 ± 8.39),
and a high percentage of patients without replacements
who needed prosthodontic treatment (81%) or those with
inadequate prosthodontic replacements (67%).
Tooth loss is one general indicator of oral health
status of a population. The presence of twenty teeth is
an oral health goal of the WHO18. As the major physical
characteristic of oral health, the number of teeth had
an impact both on ability to chew food and oral healthrelated quality of life in prosthodontic patients19.
Consistent with this, we found that total OHIP score was
significantly higher in subjects who had more than eight
teeth missing. Interestingly, oral health quality of life
in patients with up to four missing teeth was worse than
in patients with five to eight teeth missing, because oral
symptoms in patients with a few missing teeth involved
acute dental pain rather than reduced chewing ability.
Brennan et al. 20 reported that the number of functional
teeth was positively associated with chewing ability. The
ability to chew food properly was positively associated
with oral health-related quality of life and general
health, which might be related to food choice and greater
enjoyment of meals. Compromised chewing ability may
not only negatively affect nutritional intake and oral
health-related quality of life21, but an inappropriate diet
may also be deleterious general health22, 23. In our study,
10.59% of the subjects reported that they frequently had
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to interrupt meals and that their diet was unsatisfactory,
while 19.10% of them stated that problems with their
mouth or dentures interfered eating of any food. Women,
significantly more often than men, were dissatisfied with
their diet due to oral health problems.
The type of replacement significantly affected oral
health-related quality of life. The greatest oral impacts
were recorded in patients with immediate partial or
complete dentures. Many patients with immediate
dentures often use these appliances for a longer period
than functionally acceptable24, probably due to their
financial inability to afford a more sophisticated solution.
This could be the main reason for the high oral impacts
on quality of life among these patients. Krunić et al.
suggested that relining of complete dentures with silicone
may improve the patient’s satisfaction with dentures25.
Many reports suggested that technically advanced
appliances, i.e. implant overdentures, provided better
function and oral health-related quality of life compared
with conventional dentures26, 27, 28.
Better scores for self-reported oral health in the
group of patients with fixed appliances than in the
group without any replacements, could be explained
by the finding that 81% of those without prosthodontic
replacements needed prosthetic rehabilitation.
The data collected in this study revealed the
most common oral impacts in adult patients and could
help dentists to plan individual treatment aimed to
improvement of patient’s oral and general health. We
used only clinical data to assess different oral impacts on
quality of life, while Slovenian and Croatian authors used
self-reported oral health scores, which correlated with
the scores in the Croatian and Slovenian versions of the
14-item Oral Health Impact Profile (OHIP-CRO14 and
OHIP-SVN14) questionnaires29, 30.

Conclusions
Future research should be directed towards the
assessment of psychometric properties of the Serbian
version of the OHIP14 Questionnaire by including both
clinical and subjective, patient-reported variables in a
larger sample, in order to assess the causal determinants
of oral health in adult patients and include these findings
in planning treatment protocols and preventive programs.
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Incidental Findings in Cone-Beam Computed
Tomographic Images: Calcifications in Head and
Neck Region
SUMMARY

Background/Aim: The use of CBCT in dentistry has been increasing
popularity nowadays. CBCT images provide valuable information from
anatomic structures and pathologies. Images obtained with CBCT allow
for more appropriate treatment planning. The purpose of this study was to
assess the calcifications which were found incidentally on CBCT images
and to reveal the frequency and characteristics. Material and Methods: A
total of 691 CBCT images which obtained from the patients were assessed.
Demographic data and calcifications which were found out of primarily
interest area were noted. The incidental findings were categorized and
analyzed using descriptive statistics. Results: 945 calcifications were
discovered on 318(46.02%) of the 691 patients’ images. 373(53.98%) scans
showed no calcificated findings. The age range of patients was from 5 to 84
years. The most common calcification was tonsillolith (86.03%), followed
by stylohyoid calcifications (6.24%), antrolith and subdermal calcifications
(2.33%). Conclusion: Calcified lesions in head and neck region were
commonly seen in CBCT images. Although the most of the calcifications are
asymptomatic and require no treatment but correct identification of these
findings will reduce unnecessary further diagnostic assessments and will
provide more appropriate treatment plans. It will also provide the ability
comprehensively evaluation of underlying diseases and practitioners will
have life-saving information by early diagnosis.

Key words: CBCT, İncidental Findings, Calcifications, Radiology

Introductıon
Soft tissue calcifications in the maxillofacial area
are uncommon, and generally correspond to radiographic
findings in routine examinations such as panoramic
radiographs. Calcification of soft tissue structures in the
head and neck can present as physiologic or pathologic
mineralization. Pathologic mineralization is more
likely to occur in the articular cartilage, ligaments, and
glandular and vascular tissues and is usually associated
with chronic inflammation or scarring1. There are
3 types of pathologic calcifications: 1) dystrophic
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calcification, which occurs in degenerating and dead
tissues; 2) metastatic calcification, in which calcium
and other salts are deposited in previously undamaged
tissue as a result of excess salts in the circulating blood;
and 3) calcinosis, which is calcification in or under the
skin. However many of the structures in the head and
neck region are in close proximity to one another which
makes these calcifications localization and identification
difficult2. Such as panoramic radiographs, conventionally
radiographic images are inherently planar and
2-dimensional (2D), making localization and diagnosis
problematic. Conventional 2D imaging is likely to result
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in relatively low diagnostic success, especially in cases
in which relatively small calcifications are present or are
superimposed on anatomic structures3. In such cases, a
second radiologic 2D plane must be obtained. However,
the combination of 2 conventional 2D imaging strategies
could increase the radiation exposure to a level similar
to that of low-dose cone beam computed tomography
(CBCT) imaging4.
CBCT introduced in 1998, is increasingly used
for 3-dimensional imaging in maxillofacial radiology5.
Available CBCT scanners generate image volumes
of a field of view from (height X width) 4 X 4 cm to
23 X 17 cm. Spatial resolution of isotropic voxel size
of available scanners ranges from 0.08 to 0.4 mm1-4.
Larger scans provide a comprehensive radiologic view
of the maxillofacial skeleton and partly of the soft tissue
therein.
CBCT imaging has been applied in implantology,
orthodontics, maxillofacial surgery and in the assessment
of dentoalveolar pathology6,7. With the increasing use of
CBCT imaging in dentistry, the incidental discovery of
soft fissue calcifications is likely to increase. In addition,
CBCT imaging provides images in the third dimension,
which facilitates precise localization. The clinician should
have a solid foundation in the radiographic presentation
of the calcification condition as it relates to the various
structures, particularly on CBCT images. CBCT imaging
is an excellent diagnostic tool to determine the size,
location, and shape of calcifications1-5. Dreiseidler et al.8
mentioned that diagnostic sensitivity and specificity levels
with CBCT imaging are as high as or higher than those
obtained using other diagnostic methods.
The aim of this study was to describe the patterns of
referral and to reveal the type and prevalence of incidental
findings such as anatomical variations, pathologies or
calcifications in CBCT scans which were obtained for
several diagnostic purposes.

Materıal and Methods
This prevalence study was made by using CBCT
scans. CBCT images used in the study were acquired on a
3D Accuitomo 170 (3D Accuitomo; J Morita Mfg. Corp.,
Kyoto, Japan) which were obtained between 2011-2015.
The study sample (n= 691) consisted of CBCT scans of
patients who were referred for CBCT evaluation to the
Department of Dentomaxillofacial Radiology, Gulhane
Military Medical Academy, Ankara, Turkey. 202 of 893
images were excluded because of poor diagnostic quality
or low FOV size. Images with low FOV size are obtained
only for sectional imaging, so they can not provide
sufficient information about out of interest regions of
maxillofacial area. 691 CBCT images were included to
the study.
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No ethical approval was obtained from the local
ethical committee because only the retrospective data
were used. All patients were informed about the procedure
and taken their informed consent prior to clinical
examinations and radiologic evaluation according to
the principles of the Helsinki Declaration, including all
amendments and revisions. Collected data were noted and
only accessible to the researchers.
All the CBCT images were evaluated by a
dentomaxillofacial radiologist who had 12 years of
experience in the basis of calcifications which were
detected outside of the regions of primary interest. All of
the calcifications were detailed classified and reported.
For CBCT evaluations, proprietary manufacturer
software (i-Dixel 2.0/One Data Viewer/One Volume
Viewer; J Morita Mfg. Corp.) was used. Images were
viewed in a dimly lit room on a 30 inch DellTM 3008WFP
Flat Panel Monitor (Dell Inc., Round Rock, TX, USA) at
a screen resolution of 1920x1200 pixels and 32-bit colour
depth.
Data were analyzed by descriptive statistics. The
occurence frequency of incidentally found calcifications
in head and neck area was noted. Median and range
were used to describe the age of the patients. Statistical
analyses were performed using the SPSS software
(version 15.0; SPSS Inc., Chicago, IL, USA) and MS
Excel 2003.

Results
A total of 691 CBCT scans were assessed. Of 691
CBCT images, it was detected a great preponderance
of males (n= 423 (61.2%)). The patients’ mean age was
43.5±17.3 years and within the age range of 5 to 84
years. The most commonly preferred reason for CBCT
was dental implant planning with 69.5% (n= 480) of
the patients in evaluated group. 11.4% (n= 79) were
referred for the evaluation of third molars with anatomic
structures and 6.7% (n= 46) were for cystic lesion
evaluation. The age-gender distribution and frequency
distribution of the sample referred for CBCT scans are
shown in Table 1. Most frequently referred patient age
groups were the 41-50 age group (20.98%) followed
by 21-30 age group (19.39%). The least preferred age
groups were 1-10 (0.43%) and over 70 group (4.92%).
According to this table, the most common reason for
CBCT scan was found in 41-50 age group as implant
rehabilitation (90.3%, n= 131). It also found that
orthodontic reasons were the most common reason for
1-10 and 21-30 age groups respectively (100%, n= 3;
37.3%, n= 22).
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Table 1. Age-gender distribution of subjects and distribution of referral reasons of CBCT (n, %)
Gender
Female
Implant
assessment

Age Groups

Male

208 (77.6) 272 (64.3)

1-10

11-20

21-30

31-40

N/A

3 (5.1) 38 (28.4) 63 (67.0) 131 (90.3) 120 (97.6) 92 (92.9) 33 (97.1) 480 (69.5)

Cyst

9 (3.4)

37 (8.7)

N/A

5 (8.5) 20 (14.9) 8 (8.5)

Embedded
Teeth

6 (2.2)

17 (4.0)

N/A

6 (10.2) 12 (9.0)

27 (10.1) 52 (12.3)

N/A

18 (30.5) 41 (30.6) 13 (13.8)

Third molar
evaluation
Trauma

6 (2.2)

9 (2.1)

Orthodontics

9 (3.4)

28 (6.6)

Combination

2 (0.7)

5 (1.2)

N/A

1 (1.7)

Odontoma

1 (0.4)

3 (0.7)

N/A

N/A

Total

N/A

268 (100) 423 (100)

51-60

61-70

70+

Total

7 (4.8)

2 (1.6)

4 (4.0)

N/A

46 (6.7)

N/A

N/A

N/A

1 (2.9)

23 (3.3)

4 (2.8)

1 (0.8)

2 (2.0)

N/A

79 (11.4)

5 (3.7)

3 (3.2)

2 (1.4)

N/A

1 (1.0)

N/A

15 (2.2)

3 (100.0) 22 (37.3) 10 (7.5)

2 (2.1)

N/A

N/A

N/A

N/A

37 (5.4)

4 (3.0)

1 (1.1)

1 (0.7)

N/A

N/A

N/A

7 (1.0)

4 83.0)

N/A

N/A

N/A

N/A

N/A

4 (0.6)

3 (100)

4 (6.8)

4 (4.3)

41-50

59 (100) 134 (100) 94 (100) 145 (100) 123 (100) 99 (100) 34 (100) 691 (100)

N/A : not available

945 incidentally found calcified structures were
discovered on 318 (46.02%) of the 691 patients’ CBCT
scans. 373 (53.98%) scans showed no calcificated findings.
Descriptive analysis and frequency of calcifications were
shown in Table 2. Among all of the calcifications which
were incidentally found in head and neck area, the most

common seen calcifications were tonsillolith (86.03%),
followed by stylohyoid calcifications (6.24%), antrolith and
subdermal calcifications (2.33%). The most prevalent age
groups of calcifications were 41-50 age group and followed
by 51-60 age group. The distribution of age groups and
calcifications is shown in Table 3.

Table 2. Descriptive analysis and frequency of the calcifications
Calcifications

Number of Findings (%)

Number of patients (%)
Female

Male

813 (86.03)

75 (23.58)

141 (44.34)

Antrolith

22 (2.33)

12 (3.78)

9 (2.83)

Sialolith

9 (0.95)

3 (0.94)

4 (1.26)

Artery calcification

16 (1.7)

4 (1.26)

9 (2.83)

Stylohyoid calcification

59 (6.24)

14 (4.4)

21 (6.6)

Subdermal calcifications

22 (2.33)

8 (2.52)

14 (4.4)

Intracranial calcifications

4 (0.42)

0 (0)

4 (1.26)

945 (100)

116 (36.48)

202 (63.52)

Tonsillolith

TOTAL
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Table 3. Distribution of calcified lesions and age groups
Age Groups
1-10

11-20

21-30

31-40

41-50

51-60

61-70

70+

Tonsillolith

0 (0.0)

9 (4.2)

32 (14.8)

20 (9.3)

54 (25.0)

43 (19.9)

42 (19.4)

16 (7.4)

Antrolith

0 (0.0)

0 (0.0)

3 (15.0)

3 (15.0)

3 (15.0)

5 (25.0)

4 (20.0)

2 (10.0)

Sialolith

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

2 (40.0)

3 (60.0)

0 (0.0)

Artery calcification

0 (0.0)

0 (0.0)

1 (10.0)

0 (0.0)

1 (10.0)

2 (20.0)

2 (20.0)

4 (40.0)

Styloid calcification

0 (0.0)

0 (0.0)

1 (9.1)

2 (18.2)

4 (36.4)

2 (18.1)

1 (9.1)

1 (9.1)

Subdermal calcifications

0 (0.0)

0 (0.0)

2 (9.1)

2 (9.1)

7 (31.8)

7 (31.8)

3 (13.6)

1 (4.5)

Intracranial calcifications

0 (0.0)

2 (50.0)

1 (25.0)

1 (25.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

A total of 809 palatinal tonsil calcifications were
found in 212 patients (Figure 1). In addition it is also
found 4 patients had calcifications in adenoidal region.
418 of tonsil calcifications were at the right side,
391 were at the left side. Distribution of total tonsil
calcifications over their shape is shown in Table 4.
Tonsil calcifications were classified according to its
shape such as round, irregular and dot-like. Especially
round-like shaped tonsilloliths with under 2 mm
diameter were considered as dot-like. According to
the table irregular shaped tonsil calcifications were the
most frequently found, the second most common form
was dot-like shaped. It was also found in one patient
had totally 23 tonsil calcifications which 9 of them were

irregular. Distribution of number of tonsilloliths on
CBCT is shown in Table 5.
A total of 22 antroliths were found in 21 patients
(Figure 2). Of these 12 were females and 9 were males.
Only one patient with bilateral antrolith was detected.
Rest of cases were unilateral. Seven patients had nine
sialoliths (Figure 3). Of these 3 were females and 4
were males. In two cases there were two sialoliths and
in 5 cases there was one sialolith. 35 of the patients had
59 stylohyoid calcifications (Figure 4). 14 of them were
females and 21 of them were males. Of these 24 were
bilateral and 11 were unilateral. Subdermal calcifications
were noted in 22 patients and only four male patients had
intracranial calcifications (Figure 5).

Table 4. Distribution of the shape and quantity of tonsilloliths

LEFT

RIGHT

Tonsillolith
Shape

0
n (%)

1
n (%)

Dot-like
shaped

608 (88.0)

36 (5.2)

Irregular
shaped

592 (85.7)

48 (6.9)

Round
shaped

664 (96.1)

25 (3.6)

Dot-like
shaped

609 (88.1)

Irregular
shaped
Round
shaped

N/A : not available

2
n (%)

4
n (%)

5
n (%)

6
n (%)

7
n (%)

8
n (%)

9
n (%)

10
n (%)

22 (3.2) 13 (1.9)

7 (1.0)

4 (0.6)

N/A

1 (0.1)

N/A

N/A

N/A

21 (3.0) 17 (2.5)

7 (1.0)

2 (0.3)

N/A

2 (0.3)

N/A

1 (0.1)

1 (0.1)

1 (0.1)

1 (0.1)

N/A

N/A

N/A

N/A

N/A

N/A

40 (5.8)

17 (2.5) 13 (1.9)

6 (0.9)

3 (0.4)

2 (0.3)

1 (0.1)

N/A

N/A

N/A

586 (84.8)

63 (9.1)

22 (3.2) 10 (1.4)

6 (0.9)

4 (0.6)

N/A

N/A

N/A

N/A

N/A

660 (95.5)

25 (3.6)

4 (0.6)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

3
n (%)

2 (0.3)

104 Ali Altındağ et al.

Balk J Dent Med, Vol 21, 2017
Table 5. Distribution of number of tonsilloliths.
Number of Tonsilloliths

Figure 1. Female patient aged 81. Incidentally found, a very rare case
of the calcification of facial artery which is a branch of external carotid
artery. Coronal, sagittal axial and 3D reconstructed views

Number of patients (%)

0

479 (69.31)

1

57 (8.24)

2

41 (5.93)

3

27 (3.9)

4

20 (2.89)

5

18 (2.6)

6

11 (1.59)

7

13 (1.88)

8

8 (1.15)

9

8 (1.15)

≥10

9 (1.30)

Total

691(100)

Figure 2. Female patient aged 54. Coronal, sagittal and axial views of an opacification in maxillary sinus

Figure 3. 3D reconstructed view of bilateral multiple tonsilloliths of a female patient aged 83.
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Figure 4. 3D reconstructed view of bilateral elongated stylohyoid
process of a female patient aged 69
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Figure 6. Coronal, axial and 3D reconstructed views of a unilateral
sialolith. A well-defined calcified mass was found on the left side of
submandibular area of a male patient aged 62

Dıscussıon

Figure 5. Sagittal, axial and 3D reconstructed views of multiple
subdermal calcifications of a female patient aged 45

Thirteen subjects had arterial calcifications (Figure
6). Bilateral arterial calcifications were seen in 3 cases.
This situaton was mostly found in over 70 age group (n=
13) and followed by 61-70 age group (n= 5) as expected.
A predominance of males was found with a ratio of 9:4
over females.

Recently, the use of CBCT for various diagnostic
purposes is more common in dentistry. It can provide
precious diagnostic information not only from interested
area but also the out of the region. The out of interested
region findings which is described as incidental findings
may sometimes have greater importance of determining
an appropriate treatment plan. The purpose of this study
was to investigate the characteristics and frequency of
calcifications which is incidentally detected.
There are many studies which investigate incidental
findings. Some comparable studies are available in
literature which were made on specific sample such
as orthodontic patients9-11. Some authors investigate
incidental findings in specific regions such as maxillary
sinuses and nasal area10-14. In contrast to previous studies,
we investigate incidental findings in dento-maxillofacial
area of a wider age group of patients.
This study conducted on 691 patients. Comparing
the previous studies in literature, to the best of our
knowledge, it is the third biggest sample size. The sample
size in our study was greater than the studies of Price et
al.2, Cha et al.3, Rheem et al.16, Cağlayan and Tozoğlu4.
But it is less than the studies made by Allareddy et al.17
and Warhekar et al.18. Larger sample sizes generally lead
to increase the knowledge of clinicians and make possible
to provide accurate diagnosis.
The most common reasons for referral were for
implant assessment (69.5%) followed by third molar
evaluation (11.4%) and cystic lesions (6.7%). In other
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studies, CBCT referral rate for implant placement varied
from 2.72% to 73%2-4,16-18. The referral rate of our study
was nearly similar with the rates of studies made by Price
et al.2 and Allareddy et al.17. Rheem et al.16 reported that
the referral rate of implant patients was 2.72%. The greatest
difference of rates is due to the study which previously
mentioned was arranged by Orthodontic Division. In
addition to referral reasons, it is also found that the most
frequently referred patient age groups were 41-50 age
group (20.98%) followed by 21-30 age group (19.39%)
and 51-60 age group (17.8%). However, Warhekar et
al.18 reported the most frequently referred patients’ age
group was 21-30 (24%), Rheem et al.16 reported as 10-19
(44.21%), Price et al.2 reported as 60-69 (26.33%) and
Allareddy et al.17 reported as 51-60 (22%). The less referred
age group was found as 1-10 age group (0.43%). Similarly,
Rheem et al.16 and Price et al.2 reported that the less referral
age group was 1-10 age group.
Of the 691 CBCT scans reviewed, 318 scans
(46.02%) showed at least 1 finding. A total of 945
calcifications were found. It is also found 2.97 of rate
for per scan. 373 (53.98%) scans showed no calcified
lesion. Actually, there are many studies in literature about
incidental findings which also contain calcifications.
But to the best of our knowledge, this report is the first
comprehensive study on the basis of calcifications. It
is also seen that the frequency of incidental findings in
CBCT shows wide variety in literature. Some studies
which conducted with incidental findings present higher
frequency rates2,4,17,19, but some of them have lower
frequency than this study3,16. It may be due to differences
in age groups, target population, sample size or variety
of catagorized findings. The authors whose studies
previously mentioned did not categorized their findings
as a different chapter titled calcifications. Hence, previous
reports and our findings should be compared step by step.
Calcifications generally occur in vessels, ligaments,
glandular tissues. Sometimes they occur as a result of
chronic inflammation or scarring. Soft tissue calcifications
in maxillofacial area can be pathological, age-related
or idiopathic. Accurate definition of this calcifications
is based on some characteristics such as location,
morphology and distribution. Due to cross-sectional
imaging advantage of CBCT, it become the first choice for
accurate diagnosis2. In the light of the above information,
a total of 945 calcification findings were found in study
sample. In a total of 945 calcifications, 813 (86.03%) were
tonsil calcifications in 216 patients (31.25%). Distribution
of the other calcifications which were found in our study
was shown in Table 2. In addition, tonsil calcifications
were classified according to their shape. Irregular shaped
tonsil calcifications were the most frequently found,
the second most common form was dot-like shaped. To
the best to our knowledge, there is only one report in
literature in which tonsilloliths’ shape was classified. Oda
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et al.20 found 46.1% of tonsilloliths and reported that the
most common shape was dot shaped.
Antrolith is a calcified mass within the paranasal
sinuses. Of the 22 discovered antroliths, only one case
was bilateral, the others were unilateral. Total number of
patients with antrolith were 21 (3.03%). Literature report
that the incidences of antroliths are between 0.15%4.54%2,14,19,21,22. Our study presents appropriate result
with the above mentioned reports.
One another calcification detected in 7 patients was
sialolith. Sialolith is mineral salt deposition in salivary
glands or ducts. Seven patients had nine sialoliths. Of
these two patients had two calcifications, rest of seven
had one sialoliths. According to literature, incidences of
sialoliths are low, between 0.3%-0.66%2,17,18. In our study
we found relatively higher incidence rate (1.01%).
The other calcifications, arter calcification,
stylohyoid calcification and subdermal calcifications
were, respectively, found in 13 (1.88%), 35 (5.06%) and
22(3.18%) patients. According to literature, incidences of
calcifications which mentioned above are between 2.04%10.04%2,16,17,23, 6.12%-63.3%2,16,24 and 2.27%-28%17,25,26
respectively. In our study the incidences of carotis artery
calcification and stylohyoid calcification were relatively
lower than those in the above mentioned studies.
Literature reports that intracranial calcifications was
common and occur at any age and of any ethnicity. And
also Kwak et al.27 reported that intracranial calcifications
are found more commonly in males than in females. In
our study, we found only 4 patients who had intracranial
calcifications and all of them were males. In addition,
frequency of intracranial calcifications of this sample
group was found relatively lower than in previous reports
(4.76%-71%)16,17,27-30. Occurence of differences may
be due to many reasons such as sample size, the size of
the FOV, radiologic imaging devices and their different
abilities in detecting pathologies. Hence, it may be making
direct comparisons inappropriate.

Conclusion
In conclusion, clinicians should be aware of
incidentally discovered calcified lesions. Correct
identification of these findings will reduce unnecessary
further diagnostic assessments and will provide more
appropriate treatment plans. It will also provide the ability
comprehensively evaluation of underlying diseases and
practitioners will have life-saving information by early
diagnosis.
Note: The results of this paper were awarded for the oral
presentation at the 22nd BaSS Congress.
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Diode Laser Irradiation in Endodontic Therapy
through Cycles - in vitro Study
SUMMARY

Background/Aim: The aim of this in vitro study was to investigate
the influence of irradiation cycles and resting periods, on thermal effects
on the external root surface during root canal irradiation of two diode
laser systems (940 nm and 975 nm), at output powers of 1 W and 2 W in
continuous mode. In previous studies the rising of temperature above 7°C
has been reported as biologically accepted to avoid periodontal damage on
the external root surface. Material and Methods: Twenty human inferior
incisors were randomly distributed into four groups, the 940 nm, and the
975 nm diode laser irradiation, both with an output power of 1 W and 2
W, in continuous mode. The thermographic camera was used to detect
temperature variations on the external root surface. Digital radiography
of the samples was made. Results: After three cycles of irradiation, at
apical third of the root, mean temperature variation by 940 nm diode laser
irradiation was 2.88°C for output power of 1 W, and 6.52°C for output
power of 2 W. The 975 nm laser caused a higher temperature increase in
the apical region, with temperature variation of 13.56°C by an output power
of 1 W, and 30.60°C at 2 W, with a statistical significance of p ≤ 0.0001
between two laser systems compared for the same power. The resting periods
of 20 s between cycles were enough to lower temperature under 7°C in
the case of 1 W and 2 W for 940 nm diode laser, while for 975 nm laser,
after three irradiation cycles overheating occurred at both output power
rates. Conclusion: Three cycles irradiation of 940 nm diode laser, with
resting periods of 20 seconds, allowed safe usage of 1 W and 2 W in CW for
endodontic treatment. For 975 nm at a power rate of 1 W, the last resting
period drop the temperature near the safe limit and it came under 7°C in a
period less than a minute, while at the power of 2 W the resting periods were
not long enough for the safe temperature decrease.

Key words: Diode Laser, Endodontics, Bactericidal, Temperature Variations,
External Root Surface

Introduction
Reduction of intracanal bacteria prior to obturation
is the main goal of endodontic therapy. Microorganisms
in the root canal and infected tooth structure have to be
minimized, to create optimal conditions for periapical
healing1. Chemomechanical instrumentation, with various
concentrations of sodium hypochlorite as the most
common canal irrigant, was the standard approach in
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elimination of bacteria biofilm, necrotic and vital tissue.
Despite good instrumentation and intensive irrigation
protocols, there was a lack of success in decontamination
of root canal system2,3.
Diode lasers caught the attention of the researchers
in the past years for their antimicrobial abilities through
thermal effect. Studies reported bacterial decontamination
of root canals by the application of diode laser with
different success rates2,4. Diode lasers have a direct
thermal effect on the microbiota.
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The effect depends on the irradiation mode and
settings, and it is directly related to the amount of
energy delivered. Heating in the root canal is a desirable
effect, but it could also gain overheating of external root
portions, causing injury of periodontal ligament and
bone5. Temperature elevation on external root surface is
dependent on dentine thickness, output power, and resting
time between irradiation cycles6. In previous studies the
rising of temperature above 7°C has been reported as
biologically accepted to avoid periodontal damage on the
external root surface during endodontic procedures7,8.
The aim of our in vitro study was to investigate the
influence of three irradiation cycles and following resting
periods, on thermal effects on the external root surface
during root canal irradiation of 940 nm and 975 nm
diode laser systems, at output powers of 1 W and 2 W, in
continuous mode.
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from the root surface and the lens system transformed
energy into electrical impulses. Digital images of the
root temperature variations were analyzed by IRBIS
Professional 2.2. graphic-oriented software package
(InfraTec GmbH, Dresden, Germany).
All teeth were radiographed by digital radiographic
system Trophy RadioVisioGraphy (Trophy Radiologie,
Croissy-Beaubourg, France). Dentin thickness of the
mesial walls of the roots was measured in all thirds.
Statistical analysis was performed by the Prism
software version 6 (GraphPad Software, San Diego,
CA). Two-way ANOVA was used to compare values
of temperature variations, and One-way ANOVA for
comparing dentine thickness between the groups. The
statistical significance was tested at p < .05.

Materials and Methods
Twenty lower permanent incisors were collected at
the Clinic for Oral Surgery, Faculty of Dental Medicine,
Belgrade, Serbia, with written consent from patients.
Freshly extracted teeth were cleaned by removing organic
residue tissue and calculus from the external root portion,
and cross-sectioned at a cementoenamel junction in the
cervical portion, using a double-sided diamond disk (NTIKahla GmbH, Kahla, Thuringia, Germany), standardizing
the roots at a 13 mm length. Further, chemomechanical
instrumentation was applied, and all the root canals were
enlarged to an apical size of #40 by hand, using K-files,
1% sodium hypochlorite and 40% acetic acid. Teeth were
stored in PBS at +40C, prior to use.
The Epic 940 nm diode laser (Biolase® Technology,
Inc., San Clemente, CA, USA) and the LaserHF 975 nm
diode laser (Hager & Werken, Germany) were used in
the study, with optical fiber of 200 µm for 940 nm, and
320 µm for 975 nm laser, provided by the manufacturers.
The prepared samples were randomly divided into 2 main
groups, and subdivided into two groups depending on the
output power - 1W and 2W, in continuous mode (CW), as
shown in Figure 1.
Laser fiber was inserted into the root canal to the
apex, approximately 1 mm from the anatomic foramen,
and activated in the moment it was pulled from the
apical end in helicoidal movements (~ 2 mm/s), three
consecutive times, with resting periods of 20 seconds
after each laser dose. Prior to irradiation, teeth were dried,
set on the plastic holders in a vertical position, with a
mesial side of the root directed toward thermographic
camera Varioscan® high-resolution model 3021 (Jenoptik,
Dresden, Germany). All the experiments were measured
in the controlled environment, at room temperature 21 23°C. Thermographic camera detected infrared irradiation

Figure 1. Teeth randomly assigned to the groups, depending on the
treatment

Results
In Table 1. and Table 2. mean values of temperature
variations (∆T), regarding experimental groups, are
represented. After three cycles of irradiation, at apical
third of the root, mean ∆T by 940 nm diode laser
irradiation was 2.88°C for output power of 1 W, and
6.52°C for output power of 2 W, in continuous mode. The
975 nm caused a higher temperature increase in the apical
region, with ∆T variation of 13.56°C by an output power
of 1 W, and 30.60°C at 2 W, with a statistical significance
of p ≤ 0.0001 between two laser systems compared for the
same power. The trend continued in middle and cervical
third of the root. There was not a statistical difference of
∆T between root thirds, for the same treatment, although
temperature raised from cervical to apical third. Through
irradiation cycles, and resting periods, ∆T values are
represented in Figure 2. The resting periods of 20 s
between cycles were enough to lower temperature
under 7°C in the case of 1 W and 2 W for 940 nm diode
laser, while for 975 nm laser, after three irradiation
cycles overheating occurred at both output power rates.
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Table 1. Mean and standard deviation (SD) values of the temperature variations ∆T (ºC) at external surface of the roots thirds,
during irradiation cycles by 940 nm diode laser

1. cycle

940 nm 1 W
apical
1.96 (0.65)

940 nm 1 W
middle
1.48 (0.53)

940 nm 1 W
cervical
0.98 (0.30)

940 nm 2 W
apical
5.02 (2.23)

940 nm 2 W
middle
3.24 (0.84)

940 nm 2 W
cervical
1.68 (0.37)

1. pause
2. cycle

1.18 (0.37)
2.34 (0.82)

1.08 (0.33)
2.04 (0.54)

0.88 (0.31)
1.72 (0.40)

1.72 (0.73)
5.98 (1.73)

1.64 (0.63)
4.54 (0.82)

1.22 (0.22)
3.26 (1.08)

2. pause
3. cycle

1.54 (0.38)
2.88 (0.82)

1.64 (0.40)
2.68 (0.68)

1.48 (0.36)
2.50 (0.58)

2.44 (0.79)
6.52 (1.65)

2.70 (0.53)
5.88 (1.17)

2.36 (0.25)
4.36 (0.69)

3. pause

1.98 (0.46)

2.18 (0.48)

2.06 (0.48)

3.52 (1.10)

3.82 (1.10)

3.24 (0.75)

Table 2. Mean and standard deviation (SD) values of the temperature variations ∆T (ºC) at external surface of the roots thirds,
during irradiation cycles by 975 nm diode laser

1. cycle
1. pause
2. cycle
2. pause
3. cycle
3. pause

975 nm 1 W
apical
7.18 (2.78)
3.82 (1.27)
13.02 (2.27)
6.54 (1.08)
13.56 (2.30)
8.02 (1.00)

975 nm 1 W
middle
8.94 (2.52)
4.18 (1.57)
13.86 (3.00)
6.82 (1.44)
15.66 (3.06)
8.80 (1.31)

975 nm 1 W
cervical
8.36 (3.29)
3.32 (0.62)
11.26 (2.31)
5.68 (0.40)
14.34 (2.09)
7.56 (0.68)

975 nm 2 W
apical
16.60 (6.19)
7.62 (1.40)
20.30 (4.94)
10.80 (2.17)
30.60 (2.50)
14.80 (2.25)

975 nm 2 W
middle
17.92 (3.92)
8.06 (1.42)
24.82 (5.36)
12.30 (1.86)
32.42 (5.20)
14.00 (3.22)

975 nm 2 W
cervical
19.60 (6.65)
7.28 (1.40)
27.52 (6.69)
11.22 (1.51)
31.22 (7.14)
14.98 (1.81)

Differences in ∆T values were significant at third cycle
point between the laser systems in all thirds and between
output powers (p < .0001), except between 1 W and 2 W
in 940 nm group (p > .05). For 975 nm at a power rate of
1 W, the last resting period drop the temperature near the
safe limit and temperature further lowered under 7 °C in
a period less than a minute. Statistical analysis of dentine
thickness showed no statistical differences between
groups (p > .05), which suggested that the results from the
groups were comparable.

Discussion

Figure 2. Temperature variations ∆T (ºC) through cycles and resting
periods, for 940 nm and 975 nm laser systems, at output powers of 1
W and 2 W. A - cervical third, B - middle third, C - apical third. The
recommended safe temperature rising limit of 7 0C is represented by
horizontal bar.

Healing of the tissue after endodontic treatment
directly depends on successful disinfection of root canal
system. Chemical disinfection can reach bacteria only at
0.1 mm in dentin canaliculi9, while microbiota is found
at 1.1 mm deep into dentine10. It has been shown that
the wavelengths of 940 nm and 980 nm diode lasers had
high penetration into the dentine tissue with bactericidal
effect11, which justify the usage of high-power diode
lasers as adjutant in endodontic therapy. In in vitro
study, Schoop et al.12 showed significant reduction of
Enterococcus faecalis and Escherichia coli after diode
laser irradiation. They concluded that diode laser could
be successfully applied for disinfection in deep layers of
dentin. On the other hand, it has been shown that during
diode laser irradiation thermal stress on the external root
surface could occur, if the safe temperature rising of 7°C
last over one minute7,13.
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In our study, 940 nm laser with output powers of
1 W and 2 W, in continuous mode, remained in the safe
limit through three irradiation cycles. Contrary to these
results, 975 nm laser came into the safe zone after two
irradiation cycles at output power of 1 W, and only after
first irradiation cycle for output power of 2 W. Hmud et
al.14 found statistically significant higher increase of
temperature on external root surface at apical third when
980 nm laser was used, in comparison to 940 nm laser,
which is consistent with our results. These results could
be explained by the stronger absorption of the 980 nm
wavelength in water15. Also, in the study of Alfredo et
al.5 with 980 nm diode laser in CW, they concluded that
during one cycle of irradiation at higher power rate, rising
of temperature over safe limit occurred.
The previous study, conducted in dry root canals,
suggested 20 seconds of resting time between irradiation
cycles, to provide time for the temperature to came
into the safe limit6. Since irradiation of root canals for
antimicrobial effect is recommended to be provided in
cycles16,17, we investigated the variation of temperature
during three irradiation cycles followed by 20 seconds
of rest after each cycle. The resting periods allowed
temperature decrease at the external root surface in all
experimental groups. For 940 nm laser resting periods
were long enough to provide safe roots irradiation through
all irradiation cycles, with both power rates. For 975 nm
laser, temperature decrease during resting periods was
significant. Unfortunately, at a higher power rate of 975
nm diode laser, resting periods were not long enough to
decrease temperature into the safe limit. A new protocol
for irradiation with 975 nm laser should be provided, for
safe endodontic usage, since the antimicrobial effect is
more efficient at higher power rates17.

2.

Conclusions

13.

The results of this in vitro study showed that three
cycles irradiation of 940 nm diode laser, with following
resting periods of 20 seconds, allowed safe usage of
1 W and 2 W in CW for endodontic treatment. For 975
nm laser application at 1 W in CW, during the last resting
period temperature drop near safe limit and came into the
safe zone under the minute. At the power of 2 W of the
975 nm laser, resting periods were not long enough for ∆T
to decrease into the safe limit.
Note: The results of this paper were awarded for the oral
presentation at the 22nd BaSS Congress.
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Molecular Profiling of Odontogenic Tumors Pilot Study
SUMMARY

Background/Aim: In the pathogenesis of odontogenic tumors which
arise from the rests of the dental apparatus in the jaw, several molecular
pathways have been shown to play critical roles such as genetic alterations
in the hedgehog, BRAF/Ras/MAPK, epidermal growth factor receptor.
Next generation genomic sequencing has identified gene mutations in
many different tumors. Materials and Methods: Here we report four
types of odontogenic tumor including six cases in which five had mutation
according to next generation sequencing analysis from archival paraffin
blocks that diagnosed previously as ameloblastoma (solid), amloblastoma
(unicystic-mural), ameloblastic fibroma, squamous odontogenic tumor, and
adenomatoid odontogenic tumor. Results: All ameloblastomatic tumors were
shown BRAF mutation and adenomatoid odontogenic tumors were KRAS
mutation. Conclusion: This evidence may highlight the poorly understood
pathogenesis of odontogenic tumors. Further comparisons need to be
made with other benign and malignant odontogenic tumors so that unique
odontogenic features may be found.

Key words: Odontogenic Tumors, Next Generation Sequencing, Mutation

Introduction
Odontogenic tumors represent a spectrum of lesions
ranging from malignant and benign neoplasms to dental
hamartomas, all arising from epithelial or mesenchymal
cells of the dental apparatus in the jaw or oral mucosa.
Odontogenic tumors may pose both diagnostic and
prognostic challenges due to overlapping histology and
high propensity for local recurrence of some of them, even
they are considered as benign1.
Current treatment options for odontogenic tumors
include both conservative treatment (enucleation or
curettage) and resection. The former is associated with
high rates of recurrence, while the latter results in
significant facial deformity and morbidity. Moreover,
patients with some odontogenic tumors such as
ameloblastoma, should be followed up for a lifetime due
to unpredictable biological behavior of the tumor1,2.
Development of non-invasive therapies has been
precluded by a lack of understanding of the molecular
background of odontogenic tumors pathogenesis. A
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number of molecular pathways have been shown to play
critical roles in the pathogenesis of them. Its frequent
association with a wide spectrum of mutations in genes
encoding various signal transducers are often linked to
therapy response leads developing of molecular profiling
analysis2-5.
The term molecular profiling is used to collectively
describe molecular approaches that concomitantly
measure the expression of multiple genes on tissue or
other biological samples. Next generation genomic
sequencing (NGS) is the comprehensive molecular
profiling method, which has identified gene mutations or
single nucleotide polymorphisms associated with many
of the tumors. The NGS based genetic alteration analyses
remain open area of investigation for odontogenic tumors
and may need to be identified for potential future tailored
treatment approach5,6.
The main objectives of this study is to identify a
comprehensive molecular profiling of benign odontogenic
tumors and to analyze their association with clinical
parameters.
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Materials and Methods
Sample selection

The study was conducted on previously diagnosed
six odontogenic tumor specimens from the archives of
paraffin-embedded diagnostic tissues of Department of
Oral Pathology, Faculty of Dentistry, Gazi University,
Ankara, Turkey.
The reevaluation and reclassification was done by
an oral pathologist on hematoxylin-eosin (H&E) stained
slides under light microscope according to World Health
Organization (WHO) classifiaction1.
The data regarding age, gender and localization
was recorded. The study protocol was approved by the
institutional review board of the Faculty of Dentistry at
the Gazi University, Ankara and Faculty of Medicine at
Cologne University.

Molecular analysis

A total of six tumor samples were sequenced at the
molecular pathology laboratory of Institute for Pathology
University Cologne Cologne Germany, using the Ion
Torrent PGM and the 30 gene AmpliSeq Library Kit from
10ng of extracted DNA.
Six sections of 10-μm thickness were cut from FFPE
tissue blocks. Sections were deparaffinised and the tumor
areas were macrodissected from unstained slides using a
marked H&E stained slide as a reference. After proteinase
K digestion, the DNA was isolated with the Maxwell® 16
FFPE Plus Tissue LEV DNA Purification Kit (Promega,
Mannheim, Germany) on the Maxwell® 16 (Promega)
following manufacturer’s instructions. The DNA content
was measured using a real-time qPCR-based method.
For multiplex PCR-based target enrichment, the
isolated DNA (10 ng each) was amplified with two
customized GeneRead DNAseq Targeted Panel V2
(Qiagen, Hilden, Germany), targeting 17 lung cancer and

17 melanoma relevant genes, and the GeneRead DNAseq
Panel PCR Kit V2 (Qiagen) according to the GeneRead
DNASeq Gene Panel Handbook (Qiagen). These two
panels comprise a subset of cancer relevant genes
including: ARAF, BRAF, CDK4, CDKN2A, CTNNB1,
DDR2, EGFR, ERBB2, FGFR2, FGFR3, GNA11,
GNAQ, HRAS, IDH1, KEAP1, KIT, KNSTRN, KRAS,
MAP2K1, MET, NFE2L2, NRAS, OXA1L, PDGFRA,
PIK3CA, PTEN, RAC1 and TP53.
Libraries were constructed using the Gene Read
DNA Library I Core Kit and the Gene Read DNA I
Amp Kit (Qiagen). After End-Repair and adenylation,
NEXTflex DNA Barcodes were ligated (Bio Scientific,
Austin, TX, USA). Library products were quantified with
Qubit dsDNA HS Assay Kit (Thermo Fisher Scientific,
Waltham, MA, USA) on the Qubit 2.0 Fluorometer
(Thermo Fisher Scientific), diluted and pooled in equal
amounts. Finally, 12 pM of the constructed libraries were
sequenced on the MiSeq (Illumina, San Diego, CA, USA)
with a MiSeq reagent kit V2 (300-cycles) (Illumina)
following the manufacturer’s recommendations.
Data were exported as FASTQ files. Alignment
and annotation was done using a modified version of a
previously described method.7 BAM files were visualized
in the Integrative Genomics Viewer (http://www.
broadinstitute.org/igv/, Cambridge; USA). A 5% cutoff for
variant calls was used and results were only interpreted if
the coverage was >200x.

Results
Table 1 shows the demographic, histologic and genomic
data of the cases. The distribution of the tumors are as
follows: two adenomatoid odontogenic tumors (AOT), two
ameloblastomas, one ameloblastic fibroma (AF) and one
squamous odontogenic tumor (SOT) (Figure 1).

Age

Sex

Site

Mutation

Size

Teeth
relation

AOT

33

M

Right-both

KRAS

6.5x4.5x0.5 cm

Yes

2

AOT

23

F

Anterior

KRAS

1.5x1.2x1 cm

No

3

SOT

56

M

Right- posterior

Unavailable

2x1x1 cm

No

4

AF

15

F

Left-posterior
gingiva

BRAF

4x3x2cm

Yes

5

Ameloblastoma (Solid)

68

M

Anterior

BRAF

4.3x2.2x2 cm

No

6

Ameloblastoma
(Unicystic mural)

29

F

Left-posterior

BRAF

3.4x2.8x2.5 cm

Yes

Case #

Diagnosis

1
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Discussion

Figure 1. A) Hyperchromatic columnar cells with adenomatoid
arrangements in adenomatoid odontogenic tumor (Hematoxylin and
eosin, x200). B) Follicular ameloblastoma with palisading basal cells
and stellate reticulum like cells (Hematoxylin and eosin, x100). C)
Cellular loose connective tissue with islands of odontogenic epithelial
in ameloblastic fibroma (Hematoxylin and eosin, x40). D) Squamous
odontogenic tumor exhibiting typical epithelial islands in fibrous stroma
(Hematoxylin and eosin, x100).

The mean age of the patients was 37.3 and gender
distribution was equal. All the tumors located in mandible.
AOT cases were located in the anterior, other tumors
mostly located at the posterior of the mandible. Half of the
tumors (three out of six) had relation with the unerrupted
teeth (Figure 2).

Figure 2. The unicystic ameloblastoma case had the relation with
unerrupted third molar.

The total five out of six cases were performed
comprehensive analysis by NGS. In one case sequence
analysis failed due to massive degradation of DNA.
Mutations were identified in all five odontogenic tumors.
Two types of gene mutation were detected; BRAF V600E
was seen in ameloblastoma and ameloblastic fibroma,
both AOT cases showed KRAS mutations. The age of the
patients with BRAF mutated tumors are higher (mean:
37.3) than KRAS mutated ones (mean:28).

Odontogenic tumors are relatively rare tumors
with challenging diagnosis and prognosis. The clinical
course, imaging technique and both histological and
immunohistochemical evaluations have defined the
correct diagnosis of odontogenic tumors in the past.
The practice of pathology is currently undergoing
significant change, due to advances in the field of
molecular pathology. In recent couple of years, an
emerging technology- molecular genomic profiling
by means of NGS- may provide clinicians with an
additional tool to understand, better classify and develop
new treatment modalities of the odontogenic tumors.
In the present study NGS technologies has allowed us
to generate a comprehensive molecular profiling of six
benign odontogenic tumors, which adds additional new
information to the field, limited with five studies since
20142-5,8.
The results of the study displayed BRAF (V600E)
or KRAS mutations in all of the sequenced tumors.
BRAF mutations were found in two ameloblastoma
and one ameloblastic fibroma cases. BRAF is a potent
activator of the mitogen activated protein kinase (MAPK)
cascade, which is capable to induce proliferation and to
promote proliferation. Our findings are in concordance
with the studies, which showed the high frequency of
driver mutation in BRAF in the ameloblastomas2-6. In
our knowledge, the present study is the second research
that showed the BRAF mutation in ameloblastic fibroma.
Previously, Brown et al., who performed the molecular
analysis in two ameloblastic fibromas, identified it3.
Depending these findings, we may speculate that this
tumor is pathogenetically associated to the amaloblastoma
and moreover, it may represent the early phase of the
ameloblastoma. Ameloblastic fibromas are generally found
in younger age group and exhibit less aggressive behavior.
On the other hand, these tumors are histologically very
similar to conventional ameloblastoma1. Overall, these
findings suggest that ameloblastic tumors may be a distinct
group of odontogenic tumors with the common genetic
alterations8,9. This may give rise to use BRAF mutations as
a potential diagnostic marker for ameloblastic odontogenic
tumors.
The other notable finding of our study is, both
AOT cases displayed KRAS mutation. KRAS, is one of
the oncogene belongs to the RAS protein family which
activates the BRAF protein and is commonly mutated
in cancers10. There has been limited studies that utilized
deep sequencing analysis on odontogenic tumors which
were mostly focused on amelobalstomas. Only one study
reported KRAS mutation in the seven out of nine AOT
cases11. These findings reveal that MAPK pathway plays
critical role in the development of benign odontogenic
tumors.
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Conclusion
In conclusion, we have performed a comprehensive
molecular profiling of benign odontogenic tumors in
order to identify novel genomic alterations that will led
to recognition of molecular classification and influence
the new therapeutic approaches. However, a similar
study design should be applied to a larger and more
varied group of odontogenic tumors to confirm the
present results, and further comparisons need to be made
with other malignant tumors so that unique odontogenic
features may be found.
Note: The results of this paper were presented as a part of
an invited lecture at the 22nd BaSS Congress.
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Oral Granular Cell Tumor: Report of Case Series and
a Brief Review of the Literature
SUMMARY

Panayiotis Karakostas, Apostolos Matiakis,
Eleftherios Anagnostou,
Alexandros Kolokotronis

Background/Aim: The present analysis focuses on examining a case
series of eight patients diagnosed with a granular cell tumor located in
the oral cavity. Case series: The patients’ clinical states were thoroughly
studied, along with the histopathological and immunohistochemical
examinations findings. Their surgical treatment and postoperative course
are also within the scope of this analysis. Numerous histogenesis theories
and the appropriate tumor treatment are mentioned within the article
being always in accordance with the relative literature. Conclusions:
Oral granular cell tumor is a benign oral disease of possible neural origin
commonly located on the tongue. Surgical excision is the treatment of
choice. In any case, histological and immunohistochemical examination
confirm both the clinical diagnosis and the differential diagnosis between
oral squamous cell carcinoma.
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Introduction
The granular cell tumor (GCT) appears to be a
benign neoplasm, probably of neural origin, which is
usually located in the head and neck area (45% to 65%
of the cases)1. Among the above, 70% of lesions are
located intraorally and merely 2% of all GCTs turn out
to be malignant2,3,4. A slight female prevalence is noted,
especially between the third and the fourth decade of life5.
That lesion was first described by Arbikossoff in
1926, stating that the granular cells of the tumor derive
from the skeletal muscles and consequently was termed
myovlastoma3,5. Other theories of histogenesis claim that
GCT derives from neurons, fibroblasts, mast cells and
myoepithelial cells6. Furthermore, a number of authors
have correlated regenerative changes and proliferation
after injury with the morphogenesis of the GCT6.
According to the prevailing theory, the oral GCT derives
from cells of the neural tissue, and more specifically
from the Schwann cells6,7,8. In support of the last theory,
the GCT is positive to the S-100 protein during the
immunohistochemical examination, just as in our case7,8.
In this paper, we report a case series of 8 patients,
who were examined in our clinic from 2001 to 2016.
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Cases series
Table 1. Main characteristics of our GCT cases.
Age

(in years)

Sex

Location
Dorsum of the
tongue

Case 1

7

Female

Case 2

55

Male

Case 3

68

Female

Case 4

21

Female

Case 5
Case 6

60
49

Female
Female

Case 7

60

Female

Case 8

59

Male

Middle third of
the right side of
the tongue
In the middle of
the dorsum of the
tongue
In the middle of
the right edge of
the tongue
Top of the tongue
Left upper lip
In the middle of
the dorsum of the
tongue
In the middle of
the dorsum of the
tongue

Clinical features
4 mm diameter,
perceptible 4
months
1 cm diameter,
perceptible 10
years
Not reported
0,5 cm diameter
0,5 cm diameter
0,5 cm diameter
0,8 cm diameter,
perceptible 6
months
0,6 cm diameter,
perceptible 6
months, HIV+
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The following case reports are briefly described
also in Table 1. Surgical excision was the treatment of
choice in all cases, presenting no recurrence. Histological
examination revealed GCT.

Case 1

A 7-years-old girl was treated for a swelling located
at the dorsum of the tongue. The swelling had a diameter
of 4 mm and was being noticed 4 months before the
examination.

Case 2

A 55-years-old male patient proceeded to our clinic
for a sessile overgrowth on the middle third of the right
side of his tongue (Figure 1). The lesion had a diameter
of 1cm and was being noticed 10 years before the
examination.

Figure 2. Initial clinical appearance of case 7

Case 8

A 59-years-old male patient was diagnosed with a
GCT, found in the middle of the dorsum of the tongue.
The tumor had a diameter of 0,6 cm. He had noticed the
tumor 6 months before the examination (Figure 3). The
patient also reported that he was HIV- positive.

Figure 1. Initial clinical appearance of case 2
Figure 3. Initial clinical appearance of case 8

Case 3

A 68-years-old female patient was diagnosed with
a sessile overgrowth in the middle of the dorsum of the
tongue. Further details concerning clinical characteristics
of the lesion, as well as the time it appeared, were not
recorded.

Case 4

A 21-years-old female patient was examined in our
clinic and a 0,5 cm in diameter tumor-like lesion was
detected in the middle of the right edge of her tongue.

Case 5

A 60-years-old female patient was examined for a 0,5
cm swelling on the top of her tongue. Besides histological
examination, the immunohistochemical examination
revealed positivity for the S-100 protein.

Case 6

A 49-years-old female patient was examined and a
swelling of 0,5 cm in diameter was detected, located at the
left upper lip.

Case 7

A 60-years-old female patient visited our clinic for
a 0,8 cm in diameter tumor-like lesion, located in the
middle of the dorsum of the tongue (Figure 2). The patient
had noticed the swelling 6 months before the examination.

Discussion
Eight cases of oral GCT have been described. Seven
of them were located on the tongue and one at the lip. The
patients’ age ranged from 7 to 60 years old. A clear female
prevalence is evident since six out of eight patients were
women (75%).
The oral GCT occurs at any age, although it is mainly
detected in patients aged between 30 and 40 years old3,4.
The tumor might be located on any site of the oral mucosa,
but the most frequent location is on the tongue, which is
also confirmed by the description of our cases (87,5%)7,9.
In the case of oral GCT being reported in infants,
especially in girls’ alveolar appendix, it is called
congenital epulis10, 11.
The unique treatment of choice is the surgical
excision of the lesion1. No recurrence is observed as long
as the lesion has been surgically removed in toto6.
The clinical examination leads to the diagnosis of the
oral GCT5. However, the latter should be confirmed by the
histological examination (Figure 4 & 5). The epithelium
cove
ring the tumor might possibly present a pseudoepitheliomatus hyperplasia, resulting in a misdiagnosis of an
oral squamous cell carcinoma3,5. The close and substantial
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cooperation between an expert pathologist and a clinician is
of great importance, in order to avoid any misdiagnosis12.
Besides the histological examination, the immunohistochemical examination declares the positivity of the tumor for the
S-100 protein, validating its neural origin (Figure 6).

Balk J Dent Med, Vol 21, 2017

misdiagnosing the oral GCT as an oral squamous cell
carcinoma.
Note: The results of this paper were presented as a part of
an invited lecture at the 22nd BaSS Congress.
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Intraoral Myeloid Sarcoma with Bilateral Involvement
- Case Report
SUMMARY

Background: Myeloid sarcoma (MS) is a solid malignant tumour
associated with infiltration of immature myeloid precursor cells in an
extramedullary site. The term MS has replaced the term granulocytic
sarcoma and chloroma, which were used in the past. MS in the oral cavity
is very uncommon, with less of 40 cases reported until recently. Case
Report: We report the first case, the features, and the diagnostic sequence,
of intraoral MS with bilateral palatal involvement, which presented as
an initial manifestation, and preceded the appearance of acute myeloid
leukaemia (AML). Diagnostic confirmation of such oral mucosal lesions
usually requires biopsy, histopathological examination with additional
immunohistochemical investigation. MS can occur during the course of
acute or chronic myelogenous leukaemia, and myelodysplastic syndromes.
In the vast majority of the reported cases, only one site was involved with
a single intraoral MS lesion, and the cases predominantly associated with
AML. Conclusion: The majority of intraoral MS occurs in patients with
known AML, but in some of them, presented as an initial manifestation,
and preceded the appearance of the disease. Therefore, clinicians should
carefully evaluate all unusual oral lesions of unknown origin.

Key words: Myeloid sarcoma, Granulocytic sarcoma, Chloroma, Acute myeloid leukaemia,
Oral tumours

Introduction
Myeloid sarcoma (MS) is a solid malignant tumour
associated with infiltration of immature myeloid precursor
cells in an extramedullary site1. The term MS has replaced
the term granulocytic sarcoma and chloroma, which were
used in the past2.
MS in the oral cavity is very uncommon with less of
40 cases reported between 1883 and 20141. MS can occur
during the course of acute or chronic myeloid leukaemia,
and myelodysplastic syndromes. In the vast majority
of the reported cases, only one site was involved with a
single intraoral MS lesion, and the cases predominantly
associated with acute myeloid leukaemia (AML)3.
Rarely, MS is possible to appear months before the AML
manifests, during the course of the illness or represent a
leukaemia relapse or remission4.
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The involvement sites of MS are highly variable
and has been reported to affect the skin, bones, upper
respiratory tract, and gastrointestinal tract including the
oral cavity3,5. Furthermore it has been reported that in
16% of MS cases were diagnosed in the head and neck
region, although intraoral MS rarely occurs6.
We report the first case, the features, and the
diagnostic sequence, of intraoral MS with bilateral palatal
involvement, which presented as an initial manifestation,
and preceded the appearance of the AML.

Patient Presentation
A 28 year old female was referred by her dentist to
our clinic for investigation of a fast growing lesion with
bilateral maxillary involvement and protrusion to the
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palate for both sides. She had been aware of the lesion
for at least five weeks, and was experiencing increasing
oral discomfort without pain. The medical history was
non-contributory. Before the onset of the oral lesion, the
patient did not experience any symptoms suggestive
of any systemic abnormalities. There was no history of
trauma or dental manipulation related to the site of the
lesion.
The intraoral clinical examination revealed two
painless sessile, soft in palpation, masses, 2cm in
maximum dimension, with identical clinical appearance
and location, with no colour changes. Furthermore,
there was obvious palatal protrusion of both masses in
the first and second molar area (Fig. 1). There were no
odontogenic sources or other associated intraoral lesions.
Plain radiographs and a computed tomography scan failed
to show underlying bone erosion. In addition, the patient
performed full blood investigations two months ago,
which were ranged within the normal values.
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activity. Additional immunohistochemical staining was
performed on paraffin sections (Fig. 3) and showed that
the cells were positive for MPO (myeloperoxidase),
LCA (leukocyte common antigen /CD 45), CD 68, CD
11c, and CD, 4 but negative for CD 7, CD 3, CD 20, CD
56, CD 34, CD 117, and Tdt (terminal deoxynucleotidyl
transferase).

a

b

c

Figure 2. Myeloid sarcoma involving lamina propria of the oral mucosa
(a - H&E x 100; b - H&E x 200). The neoplastic cells are mediumsized with scant cytoplasm and round-oval nuclei with finely-dispersed
chromatin and small distinct nucleoli (c - H&E x 400)

Figure 3. Immunohistochemical stain for myeloperoxidase (MPO) was
positive in the MS of the oral mucosa (H &MPO staining x 400)

Figure 1. Intraoral myeloid sarcoma with bilateral palatal involvement
in the first and second upper molar area

An incisional biopsy was performed, and the
microscopic findings of haematoxylin & eosin (H&E)
staining demonstrated oral mucosa covered by stratified
epithelium; in the underlying corium a cellular
proliferation was observed with diffuse and dense
infiltration of relatively big and medium size neoplastic
blast-like cells, with scant cytoplasm and round-oval
nuclei with finely-dispersed chromatin and small distinct
nucleoli (Fig. 2 a-c). Furthermore, in the neoplastic cells
was observed increased polymorphism, atypia and mitotic

The patient was immediately referred to
haematologists/oncologists for evaluation and further
examination. Full blood investigation, myelogram,
immunophenotype of monocytes and flow cytometry
of peripheral blood, established the diagnosis of AML
(M5b) and the bilateral intraoral lesions were confirmed
as MS. A computed tomography (CT) scan detected no
other areas affected by the disease. Further investigations
for molecular markers FMS-like tyrosine kinase 3 gene
(FLT3) and nucleophosmin 1 gene (NPM1) were negative.
The induction therapy consisted of cytarabine (Ara-C
175mg/m2 every 12 hours for 7 days) plus idarubicin
(17,5 mg/m2 days 1, 3, 5), followed by high dose
cytarabine (Ara-C 3 g/m2 every 12 hours for 3 days) and
idarubicin (17,5 mg/m2 for 3days).
The patient after 1 year is currently in good condition
with remission of the oral MS. An informed consent was
obtained from the patient for the case presentation.
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Discussion
The majority of MS cases occur in association
with AML or
myelodysplastic/myeloproliferative
diseases7. The occurrence of intraoral MS as multiple
masses involving multiple sites is extremely rare, with
only 2 reported cases in the literature3,8. Intraoral MS
usually occurs concomitantly with or subsequent to the
development of AML; it is most seen in patients with
the subtype AML-M1 (myeloblastic leukaemia without
maturation) or AML-M2 (myeloblastic leukaemia with
maturation)5, whereas rarely, it precedes the appearance
of AML as in our case. To our knowledge this is the first
case of intraoral MS with bilateral maxillary involvement,
which presented as an initial manifestation, and preceded
the appearance of the AML.
Most articles reported MS presenting as symptomatic
or asymptomatic mass and mucosa ulceration with colour
varying among brown, red, black and pale grey9. The
differential diagnosis would include benign tumours
such as pyogenic granuloma, granulomatous epulis
and peripheral giant granuloma, as well as malignant
neoplasms such as sarcomas, lymphomas, epidermoid
carcinomas and metastasis of other neoplasms10.
Diagnosis of intraoral MS may be difficult, especially
when it presents as an isolated finding and with no history
of haematological disorders or peripheral blood or bone
marrow involvement of myeloproliferative disorders.
Consequently the diagnosis has clinical relevance because
it can be the first sign of an AML. The lesion occurs more
often in women; the age of affected patients ranges widely
(3 to 89 years)11. The maxillary and mandibular gingivae
were the most common sites involved, followed by the
palate and very rarely the cheek3.
Histologically, MS usually is characterized by
sheets of relatively monomorphic intermediate to large
size polyhedral cells with irregular nuclear contours,
vesicular chromatin, variably prominent nucleoli, and
frequent mitotic figures12. The diagnosis of MS may
be complicated by the diversity and inconsistency of
its morphologic features and may be misdiagnosed
as malignant lymphoma, Ewing’s sarcoma, acute
lymphoblastic leukaemia, or other small blue cell
tumors10. Therefore additional immunohistochemical
studies may help in reaching to a definitive diagnosis
because myeloid cells are reactive to antibodies against
lysozyme, myeloperoxidase and chloroacetate esterase.
Also MS myeloblasts usually express myeloid-associated
antigens such as CD43, but are not reactive with lymphoid
antigens3. In addition, immunophenotyping with flow
cytometry and cytogenetics may contribute to a definitive
diagnosis. Furthermore imaging studies with Magnetic
Resonance Imaging (MRI) scans of MS exhibit low signal
intensity on T2-weighted images, which helps to rule out
inflammatory lesions13.
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The prognosis of patients with MS is poor and
strictly related to the clinical course of AML14. In patients
with known AML at an older age, the appearance of MS
is a significant adverse prognostic factor, moreover it
has been reported that patients with multiple MS lesions
have a shorter survival than those with only one tumor6.
The treatment of MS depends on the patient’s medical
history and clinical presentation, applying chemotherapy
protocols similar to that used for AML10. Systemic
chemotherapy and local radiotherapy remain the main
treatment modalities, although a uniform treatment
protocol for the intraoral MS doesn’t exist2. The use of
imatinib mesylate has been proposed as the therapeutic
agent of choice for MS in patients with a history of
chronic myeloid leukaemia (CML), even if they are free
of CML3.

Conclusion
Although the incidence of intraoral MS is rare,
its occurrence should not be disregarded. The majority
of intraoral MS occurs in patients with known AML,
but in some of them, MS may be presented as an initial
manifestation, and it may preced the appearance of the
disease.
Furthermore, as the survival rates of patients with
leukaemias increase, the incidence of rare intraoral
tumours, such as MS, may become more common.
Therefore, clinicians should carefully evaluate all
unusual oral lesions of unknown origin. Diagnostic
confirmation of such mucosal lesions usually requires
biopsy, histopathological examination with additional
immunohistochemical investigations.
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Orofacial Crohn’s disease: a Case Report
SUMMARY

Background: Crohn’s disease (CD) and ulcerative colitis (UC) are
the two major relapsing conditions of inflammatory bowel diseases. Case
Report: A case of Crohn’s disease with orofacial manifestations in a 10 year
old girl is described. She had suffered from fever, dysphagia, arthralgia,
painful recurrent ulcers of the oral mucosa and swelling of the lower lip
lasting over 6 weeks. Clinical examination and the punch biopsy from the
buccal mucosa revealed major recurrent aphthous ulcerations. A partial
regression and significant relief of lesions were achieved two weeks after
the treatment, but the patient suffered from abdominal pain, irregular bowel
movements, arthritis, multiple hyperplastic and swollen mucosal folds,
after 3 months. The patient was referred to a pediatric gastroenterologist.
Esophagogastroduodenoscopy showed pyloric ulcer formation. Abdominal
ultrasound showed increased thickening of the ileal wall with multiple
enlarged lympadenopathies in the periileal region. Colonoscopy images
showed deep ulcers with surrounding erythema. The histopathological
examination of biopsies from the terminal ileum and the colon showed
basal plasmacytosis, minimal crypt distortions and aphthous ulcerations.
The diagnosis of Orofacial Crohn’s disease was made. Exclusive enteral
nutrition for 8 weeks, followed by azathiopurine treatment was started
with an excellent clinical response on abdominal and oral symptoms.
Conclusion: Diagnosis of the disease by dentists and other clinicians
through the evaluation of oral clinical findings is very rare. Mucocutaneous
and granulomatous lesions of the oral cavity should alert the clinician
to pursue an underlying systemic cause. Early communication with a
gastroenterologist can help early diagnosis of Crohn’s disease for better
patient management and prognosis.
Key words: Crohn’s Disease, Orofacial Granulomatosis, Inflammatory Bowel Disease,
Recurrent Aphthous Ulcerations, Oral Lesions

Introduction
Crohn’s disease (CD) and ulcerative colitis (UC)
are the two major relapsing conditions of inflammatory
bowel diseases1. CD and UC are considered autoimmune
disorders resulting from the interactions of various factors
including genetics, environmental factors and immune
response2-4.
CD is a chronic inflammation of the intestines
and affects any site in the gastrointestinal tract from the
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mouth to the anus, specifically localized to the ileocecal
region2,5. The most presenting symptoms are abdominal
pain, diarrhea, fever, anorexia and weight loss5-7. In
addition to the aforementioned symptoms, anemia, skin
rashes, arthritis, inflammation of the eye and growth
retardation may occur6. Bowel obstruction also commonly
occurs and CD patients are at risk of developing dysplasia
or adenocarcinoma of the small intestine or colorectal
mucosa6,8. Symptoms frequently begin in early adulthood7
and the first peak occurs before the age of 25.
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Oral manifestations of CD patients9 may be present
in 8-29%. Orofacial Crohn’s disease (OCD) is a type of
CD with specific oral lesions. CD patients may show
orofacial signs with mucogingivitis, mucosal tags, oral
ulcers, cobblestoning appereance of the cheeks and lip
swelling (macrochelia)10. The differential diagnosis of
oral manifestations in patients with CD must consider
other granulomatous oral disorders. The presence of
granulomatous inflammation in the oral mucosal biopsies
is the differential marker for diagnosis of OCD11.
We present a 10-year-old girl with orofacial lesions
as an initial manifestation of Crohn’s disease. Written
informed consent was obtained from the parents
of the patient for presenting of this case report and
accompanying images.

Case Report
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the patient’s history and mucosal biopsy, a diagnosis of
Major Recurrent Aphthous Ulcerations (RAU) of the oral
mucosa was made. RAU was related with iron deficiency,
emotional stress and local trauma. The patient was advised
to use a pre-orthodontic trainer appliance. The treatment
approach for major apthous ulcers included corticosteroid,
analgesic, antibiotic drugs, epithelization agents and mouth
rinses. A partial regression and significant relief of lesions
were achieved two weeks after the treatment. A recurrence
was observed after three months (Figure 2). The patient
had history of intermittent abdominal pain, irregular bowel
movements and arthritis. Multiple hyperplastic, swollen
mucosal folds, forming the Cobblestone appearance of
buccal mucosa were present in intraoral examination.
The patient was referred to a pediatric gastroenterologist.
Crohn’s disease, tuberculosis and sarcoidosis were included
in the differential diagnosis. The colonoscopy, endoscopy
of the gastrointestinal tract and blood tests were performed.

A 10-year-old girl presented with history of fever,
dysphagia, arthralgia, painful recurrent oral ulcers, weight
loss and swelling of the lower lip lasting over 6 weeks.
Her familial history was unremarkable. The parents
related the ulcer development with cheek-bite.
On physical examination her body weight was 23 kg
(in the 3rd percentile), and height was 131 cm (between
the 3rd-10th percentiles).
Clinical examination revealed the presence
of painful, big and deep oral ulcers, cheek-bite and
enlargement of lower lips (Figure 1). The lymph node
examination was unremarkable. Abdominal examination
showed no remarkable findings. Anorectal examination of
the child showed no skin tags, fistula or fissures.
Figure 2. A recurrence was observed after three months. On intraoral
examination, multiple hyperplastic, swollen mucosal folds, forming
Cobblestone appearance of buccal mucosa were present

Figure 1. Clinical examination revealed the presence of painful, big and
deep oral ulcers, cheek-bite and enlargement of lower lips

Initial laboratory investigations, including complete
blood count, biochemistry profile and autoantibodies
showed only mild iron deficiency anemia (hsCRP: 27.58
mg/L, WBC: 14.5 103/µl, HGB: 10.9 g/dL, MCV: 76.3 fL,
HBsAg and Anti-HIV: negative).
A punch biopsy from the buccal mucosa was
performed. Histopathological examination showed an
erosive surface with a dense inflammatory infiltrate
composed mainly of polymorphonuclear neutrophils
extending into the mucosa and submucosa. Based on

Faecal calprotectin was elevated to 773 µg/g. HsCRP
was 27.58 mg/L and blood sedimentation rate was 65
mm/hr. Chest radiograph was normal, with no signs of
sarcoidosis or tuberculosis, but the QuantiFERON TB®
gold test was positive, showing tuberculosis exposure.
Esophagogastroduodenoscopy showed pyloric ulcer
formation. Abdominal ultrasound showed increased
thickening of the ileal wall with multiple enlarged
lympadenopathies in the periileal region. Colonoscopy
images showed deep ulcers with surrounding erythema
(Figure 3). The histopathological examination of biopsies
from the terminal ileum and the colon showed basal
plasmacytosis, minimal cyrpt distortions and aphthous
ulcerations (Figure 4). The diagnosis of Orofacial Crohn’s
disease was made.
Exclusive enteral nutrition for 8
weeks followed by azathiopurine treatment was started
with an excellent clinical response on abdominal and oral
symptoms (Figure 5).
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Figure 3. Colonoscopy images showed deep ulcers with surrounding
erythema

Figure 4. The histopathological examination of biopsies from the terminal
ileum and the colon. (A) Basal plasmacytosis (red arrow) and minimal
crypt distortion are seen (H&E, 10x magnification), (B) Aphthous
ulceration and crypt abscess (white arrow) can be appreciated
(H&E, 20x magnification)

Figure 5. Medical treatment revealed excellent clinical response on
abdominal and oral symptoms after 1 year

Discussion
The orofacial signs may sometimes be seen as
manifestations of gastrointestinal (GI) diseases and may
occur before GI disease, be present during the disease or
show persistence after the disease10,12,13. The oral lesions
may show similarity to GI lesions or the oral manifestations
are caused by systemic alterations secondary to GI disease13.
OCD is more common in children than adults, but it
may occur in any age group7. Genome-wide association
studies provided strong evidence that genetic factors
contribute to the pathogenesis of inflammatory bowel
diseases14-16.
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The heterogeneous and variable symptoms of CD
may exist in a subclinical state, making the diagnosis
more difficult17. This report revealed that the patients
presenting with complaints of chronic fatigue, fever,
dysphasia, arthralgia and painful recurrent oral
ulcerations, should be evaluated for Crohn’s disease.
The history of complaints, physical examination,
colonoscopy and pathological examination of biopsy
specimens are useful for diagnosing Crohn’s disease17,18.
Faecal calprotectin and lactoferrin are biochemical
markers of inflammation in the stool18. The elevated
levels of stool markers indicate intestinal inflammation,
which occurs during Crohn’s or ulcerative colitis18,19.
The nutrition support is very important in order to
promote growth and development, to correct micronutrient
deficiencies and to improve quality of life in young CD
patients20. The principal strategies for CD management are
the control of symptoms, induction of clinical remission
and maintenance of remission with the least adverse
effects from medication17,21. Treatment of CD depends on
disease location. An important treatment option is exclusive
enteral nutrition, which is as good as steroids in induction
of clinical remission22. The other principal strategies are
“step-up” and “top-down” approaches for CD management.
The step-up approach begins with topical or systemic
steroids, advances to immunomodulators or anti–tumor
necrosis factor (TNF) agents due to severity of disease22,23.
The “top-down” approach starts with a combination of
immunomodulators and anti-TNF agents. The optimal
treatment of CD remains controversial20. Severe cases
exhibiting bowel obstruction, fistulae, or perforations may
require surgical intervention21,23.
The prospective studies revealed the persistence
of oral manifestations in children with OCD24,25. The
dentists play an important role in the early diagnosis of
CD with the awareness of the oral manifestations17.

Conclusion
Diagnosis of the disease by dentists and other
clinicians through the evaluation of oral clinical findings
is very rare. Mucocutaneous and granulomatous lesions
of the oral cavity should alert the clinician to pursue an
underlying systemic cause. Early communication with
a gastroenterologist can help early diagnosis of Crohn’s
disease for better patient management and prognosis.
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