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Abstract Dental implants have been widely and increasingly used in the past few decades to support and retain partial
and complete dental prosthesis. The fear of failure due to mechanical overloading increased the need for stress-strain analysis
along bone-implant interface of the ever growing designs of dental implants. Finite element analysis (FEA) was used by
many authors to evaluate stresses around dental implants and to predict their survivability, where to extract a robust FEA
model a realistic information system must be used. In this study an interactive 3-D model was retrieved from Computed
Tomography (CT) images utilizing, a proposed software are used to obtain high image quality of the jaw bones scanned by
3-D CT compared with Cone Beam Computed tomography (CBCT) output. Identification of different anatomical regions set
for mandible cortical and spongy bones with soft tissues by generated 3-D models and validated with real measurements from

solid model.
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1. Introduction

Dental implants are widely used in prosthodontic reha-
bilitation of partially and completely edentulous maxilla and
mandible to restore or improve function where mandibular
over denture retained by 2 implants is considered as first-
choice standard care over conventional complete denture[1].
Dental implants are provided in different materials, shape,
length, diameter, implant surface treatment and coatings to
enhance clinical performances and osseointegration where
dentists can now choose from more than 1300 different types
of implants[2]. Most implants currently available have sur-
face coatings and roughness with random topography of
variable thicknesses, from nanometers to millimeters.[3,4]
High surface roughness is essential to enhance mechanical
interlocking of the bone on the implant surface and to ensure
proper osseointegration, however it is not the only criterion,
where pattern of roughness, size and the distribution of micro
or nano pores in a random or regular pattern have influenced
micromechanical interlocking and strain along bone-implant
interface. [5,6] Occlusal forces are transferred to bone
through implant and it has long been recognized that both
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implant and bone should be stressed within a certain range
for physiologic homeostasis. Overload can cause bone re-
sorbtion or fatigue failure of the implant, whereas under
loading of the bone may lead to disuse atrophy and subse-
quent bone loss.[7]

Over years, attempts have been made to improve me-
chanical compatibility of dental implants and to reduce
marginal bone loss resulting from ineffective transfer of
occlusal forces from implant to the surrounding bone Im-
plants with modified surface roughness at the nanometer
scale in a reproducible manner, were introduced utilizing
processing methods from the electronic industry such as
lithography and surface laser-pitting.[8-10] To ensure
clinical success of new dental implants designs and to predict
survivability, analyzing stresses at bone-implant interface is
an essential step in the overall analysis of loading, which
determines the success or failure of an implant. Many dif-
ferent methods have been used to study the stress/strains in
bone and dental implants, where Photo elasticity provides
good qualitative information pertaining to the overall loca-
tion of stresses but only limited quantitative information.
Finite element analysis (FEA) is one of the numerical
methods that capable of providing detailed quantitative data
at any location within a mathematical model. FEA can
simulate stress using a computer-created model to calculate
stress, strain, and displacement. Such analysis has the ad-
vantage of allowing several conditions to be changed easily
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and allows measurement of stress distribution around im-
plants at optional points that are difficult to examine clini-
cally and are difficult to replicate in experiments. The dis-
tribution of forces in peri-implant bone has been investi-
gated by FEA in several studies.[11-14]

Modeling of biological tissues, such as bone related or-
gans, is a difficult task because of their inherent inhomoge-
neous and anisotropic character, although inhomogeneous
character is in some sense “directly” accessible via imaging
techniques. Unfortunately, this is not the case for the tra-
jectories of anisotropic elasticity. Many investigators have
evaluated 3-D models from Computed Tomography (CT)
2-D images. The results of these studies have been ap-
proximated for the conversion of images formats. Me-
chanical anisotropy means that the mechanical properties of
the material are different when measured in different direc-
tions in the same sample. For reasons of simplification,
modulus of elasticity of the mandibular bones, was given
constant values and considered isotropic to facilitate simu-
lation.[15,16]

To create patient specific models, the adoption of auto-
matic mesh generators (AMG) is mandatory and assignment
of proper material properties to FEA is a fundamental step to
ensure predictive accuracy. The flow of peri-implant stress
analysis may proceed in a sequential flow by first reconstruct
mandible surface from an adequate imaging technique,
second re-mesh the surface and generate surface mesh, third
assign material properties to the FEA, finally set boundary
conditions (as occlusal loads that are dynamic forces, axial
and non-axial). Tetrahedral elements are suitable to divide
the mandible model to finite elements for mechanical
analysis studies like implant stress-strain; multi-objects
technique can be used to separate mandible to multi-objects
for decreasing the number of nodes and elements to reduce
the number of FEA equations; this will accelerate the ide-
alization process at FEA modeling. The starting point is a
well reproduced geometry of a complete range of mandible
to include a separation of cortical and cancellous (spongy)
bone. Cortical and spongy bones provide different functions
and respond differently to mechanical influences. Several
imaging techniques have been available in implant dentistry
for the preoperative planning and post-operative evaluation
of dental implant; intra oral peri apical and occlusal radio-
graphs, and extra oral lateral cephalometric, conventional
tomograms, 2-D and 3-D CT scan, Cone Beam Computed
Tomography (CBCT) and Magnetic Resonance Imaging
(MRI).[14,17]

Intraoral peri-apical x-rays considered inexpensive and
results in reduced radiation dose, however, region covered is
limited in size and does not often extend to the mandibular
canal, visualization is limited to mesio-distal and apico-
coronal directions. Panoramic radiography has been one of
the most commonly utilized radiographic techniques in
dental implantology that present a global view of the shape
and height of the jawbone, it provides no information about
jaw thickness and suffers from distortion factor of about 25%
mainly in the horizontal (mesio-distal) direction. The visu-
alization of most significant details is limited in cepha-

lometric radiography by the overlapping of the left and right
sides. Although low cost and availability are advantages,
when this technique is used for implant planning but the
advantages are limited.[17-20] The limitations of conven-
tional peri-implant treatment planning, which was based on
2-D radiographs, have been over-passed, to a certain extent,
by development of 3-D computer software systems and
tools.[21] 3-D CT enabled bone density estimation, exami-
nation of alveolar ridge width and height, vertical relation
between the upper and lower jaw can also be seen on the
scout view and preservation of soft-tissue details that are
useful in reconstructions done in esthetic areas. Using CT
data, it is now possible to reconstruct 3-D images of the jaw
bone and fabricate stereo lithographic models. CT data en-
abled interactive visualization of multi-planar 2-D sections
of the relevant anatomy including axial, cross-sectional and
user-defined panoramic images, extended by 3-D rendered
representations of CT data. Within this multi-view graphical
environment, 3-D Computer Aided Design (CAD) models of
implants can be interactively inserted inside the bone and
evaluated. Aesthetics and morphological considerations for
implant positioning in relation to the final prosthetic resto-
ration are integrated by using CT images that either contain
the provisional tooth setup or have been generated from a
diagnostic wax-up.[22]

Recently, CBCT technology has evolved that allows 3-D
visualization of the oral and maxillofacial complex from any
plane. [23] This digital imaging system is capable of pro-
ducing 2-D and 3-D images, as well as Ortho-radial views of
the jaws, to permit more accurate assessment of bone for
implant placement or localization of teeth and lesions within
the jaws. Such cone beam system allows the physician to
acquire 3-D volume data in one rotation at reasonably low
levels of radiation dosage Medical CT differs in that it uses a
fan-shaped beam and captures portions or slices of anatomy
as the source and receptor move along the long axis of the
section of anatomy being examined. The effective dose
equivalent measured using CBCT is between 30 and 400 uSv,
6 depending on the manufacturer and technical factors in-
volved. This compares with an effective dose equivalent of
2,100 pSv from a conventional medical CT scan of the
maxilla and mandible.[24]

The aim of this study is to generate a new interactive 3-D
model based on the radiological information offered by
medium-dose CT technology, the model is reconstructed by
faster and easier data transformation proposed software for
use in 3-D analyses including functional imaging and real
time imaging for guiding interventional procedures, this was
compared with quality of 3-D model retrieved from CBCT
imaging. Second is meshing of the 3-D model from the CT
scan to help on simulation of occlusal loads on dental im-
plants.

2. Materials and Methods

This study is carried out in the outpatient clinic at the
Prosthodontics department faculty of dentistry Alexandria
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University and the Tissue Engineering laboratory, Alexan-
dria University. Nine completely edentulous male patients
are selected with age range 55-65 years old, free from any
systemic disease. All patients signed an informed consent
after a thorough explanation of the nature of the study in
compliance with Dental Research Committee guidelines
(EDRC), Faculty of Dentistry Alexandria University. All
patients are scheduled for prosthetic rehabilitation by con-
ventional maxillary complete denture and mandibular over
denture retained by two dental implants (Laser micro-
grooved dental implants manufactured at Princeton Univer-
sity-USA of fixture length 14mm and diameter 3.5mm Fig. 1.
(a). Resorbable Blast Texturing (RBT) Roughened TiO2
surface dental implant 15mm in length and 3.5mm in di-
ameter). Fig. 1. (b)

B

i

Figure 1. dental implant fixtures used to retain mandibular overdenture, (a)

Laser micro-grooved dental implant manufactured at Princeton Univer-

sity-USA of fixture length 14mm and diameter 3.5mm, and (b) Roughened
TiO2 surface dental implant 15mm in length and 3.5mm in diameter

Figure 2. (a) oral cavity o the patient showing mandibular (lower) eden-
tulous ridge, where no signs of inflammation or pathoses were observed and
(b) dental stone model that was retrieved from primary impression where the
functional extension of the proposed denture was delineated

One patient 63 years old, was selected for a pilot study
after his approval. The oral cavity of the patient was thor-
oughly examined by visual and clinical examination and
assessment of quality of the soft tissues overlying the lower
ridge as well as the underlying bone was done by pressure
with a blunt round instrument. Clinical estimation of
bucco-lingual width of the lower edentulous ridge was done
by Boley's gauge and the overlying soft tissue thickness by
sharpened periodontal probe after employment of local an-
aesthesia. Primary impresions were recorded to the patient
and a cast was retrieved. Fig. 2. The patient was then referred
for radiographic examination by 3-D CT (GE MEDICAL
SYSTEMS/BrightSpeed S) with DICOM format output and
after one month and before implant placement he was im-

aged by CBCT (Planmeca ProMax® TDV320077) with
DAP format. The protocol used or each exposure is shown in
Table 1. During that period, a complete maxillary and man-
dibular denture was constructed for the patient in the con-
ventional method[25].

The images of the CT was used to create a 3-D model of
the patient by proposed software based on contour interpo-
lation algorithm with matrix reduction process to reduce the
memory needing by reducing the number of nodes and then a
triangulation process are used to retrieved the FEA model,
where the triangle reduction process are used to reduce the
model equations was constructed based on tetrahedral ele-
ments technique.

Table 1. Exposure protocols of different imaging techniques used in the
study
Imaging technique CBCT 3-DCT Panoramic
X-ray
Tube voltage 84 Kv 120Kv 78 Kv
Tube current 16 mA 193 mA 10 mA
Exposure time 6.169 sec 6 sec -
Slice width 409 512 -
Slice thickness 312 325 -
Pixel size 400pum 469um -
Bits per pixel 24 64 -
Ima%e format DAP (mGy cm?) DICOM JPEG

For generating a 3-D model, 3-D visualization is per-
formed by means of triangulation of a segmented 3-D area.
The number of triangles determines the quality of the re-
construction: the more triangles, the higher the quality. The
downside is that more triangles require more memory. This
should be considered when calculating a 3-D image. Two
methods for reducing the number of triangles are used, Im-
age matrix reduction and triangle reduction.

2.1. Matrix Reduction

This option allows grouping of voxels to calculate the
triangles. The reduction is given relative to the X-size (=
Y-size) of a pixel in the image and relative to the height
(Z-size) of a pixel in the 3-D dataset, where XY resolution
Decides how many voxels are grouped in the XY plane and
Z resolution Decides how many voxels are grouped in the
Z-direction. The XY- or Z-resolution of 1 means no matrix
reduction in the plan or the Z-direction. To use the matrix
reduction needs to avoid using the gray-value interpolation
algorithm for reconstruct the 3-D model, where The gray
level f at the location [x, y] is transferred to the new coor-
dinates [x0, y0] to create the output image f [x0, y0]. This
sequence of operations equivalent to defining a “new” im-
age g [x, y] in the same coordinates [x, y] but with different
gray levels; hence,

g [x yl =flo[x y]. B [x yI] (1

Here x' = a [x, y] and y' = B [X, y], the transformation of
the continuous coordinates should be continuous, i.e., the
derivative must be finite everywhere and this are not suit-
able for matrix reduction process, so the contour interpola-
tion algorithm are used, where a 2-D interpolation in the
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plane of the images that is smoothly expanded in the third
dimension. This interpolation algorithm uses the grey-value
interpolation within the slices, but in the Z direction a linear
interpolation between the contours is used as shown at the
following algorithm:

Input. Labeled contours Ci (intensity = elevation)

Output: Interpolated height grid A

Structures:

G 4-connected gray-scale dilation/erosion

structuring element

A Accumulator Image (init with Ci, else zero)

T, U, V, W, X - Work Images

M maximum label/height

while min(A) =0 do

W« A {T, W = A with inter-

T, W[0] <~ M contour spaces set to M}

repeat

W <« W[M] sg G {Grayscale erode W until

until max(W) <M all M pixels are gone}

U« (WrgG) n T {Dilate & mask to overlap}

V <« W XOR U {Overlap V=medial line(s)}

forall V>0

X « M {X <« medial line mask}

W « [(U+W) N X]/2 {Get medial line height}

A «— AU W {A < new medial pixels}

In the default configuration of DICOM format output of
images appear in a 3-D engineering view. The images in the
right view are called the axial images (XY-view or
Top-view) and are surrounded by a red border. The upper
left view (surrounded by an orange border) shows the cor-
onal images that are the images resliced in the XZ-direction
(Front-view). The lower left view (surrounded by a green
border) shows the sagittal images that are the images res-
liced in the YZ-direction (Side-view) as shown at Fig. 3.

Figure 3. Representative CT image showing axial, coronal, and sagittal
thin section slices

2.2. Triangle Reduction

Triangle reduction allows reducing the number of trian-
gles in the mesh. This makes it easier to manipulate the file.
There are two types of triangle reduction, the Point-type and
the Edge-type. They both have the same parameters. The

edge reduction algorithm generates less noise on the result-
ing surface and is therefore better for medical objects. The
point reduction could be better for technical objects. The
Tolerance indicates the maximum deviation in mm that a
related triangle may have, to be part of the same plane that
contains the selected triangle. It makes sense to keep this
value related to the pixel size. The Number of iterations
defines how many times the program should make the cal-
culations. The algorithm needs several iterations to reduce
the number of triangles in larger flat areas. This algorithm
converges to a stable result after about 15 iterations. There-
fore more than 15 iterations do not make a lot of sense. The
Edge Angle-value defines which angle should be used to
determine edges of the part that cannot be removed. Trian-
gles deviating less than this angle will be grouped into the
plane of the other triangles.

It is advisable not to use the reducer on very noisy dataset.
In this case it is better to perform a smoothing first. If a
plane, defined by the Tolerance and the Angle consists out
of several triangles, the program will try to re-triangulate
this area. The Point-type reduction mode will try to reduce
the amount of triangles by removing a point. The Edge-type
will remove a triangles edge (two points + the connecting
line between these two points). If the tolerance-value is too
big, essential part information may get lost.

3. Results and Discussion

The lower denture was duplicated in clear acrylic resin,
metal balls about 4mm in diameter was placed in the pro-
posed implant position and a panoramic x-ray was made to
the patient to verify the implant position to be away from the
mandibular nerve canal to avoid injury of the nerve during
surgical implant placement as shown at Fig. 4.

Figure 4. Image showing panoramic x-ray image of the patient wearing a
clear acrylic template with metal balls placed in the fitting surface o the
template in the proposed implant position

CBCT scanned images are shown at Fig.5 and the 3-D
reconstruction model are shown at Fig.6, where the dashed
red square at both figures are referring corresponding to the
right mandible side that are shown before at panoramic im-
age Fig. 4 and from Fig.6. (a, c and f) the difference between
two mandible sides are visually recognised, but as shown the
full 3-D model has low resolution and many holes are came
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out as referred by the dashed blue circles, many measure-
ments can be extracted from the CBCT device as shown at
Fig. 7. As shown the holes are fade away at this model,
where a new threshold window are used and this may need to
increase the memory size and this will slaw down the inter-
activity operations i.e. translation, rotation and resizing.

The 3-D reconstruction model that shown at Fig. 8. can
visually recognizing the highly resolution and small topog-
raphic details that are obtainable, a 3-D FEA models can be
built with high resolution and fast executed time without any

need to super-computer due to the reduction of the triangles
that used to build these models, it can be used directly to
build the FEA model as shown at Fig. 9. Clinical measure-
ments can be determined and give more accurate records
than CBCT results as shown at Fig. 10. angular records and
direct lines between points can be determined and it will be
the same even when the model are rotated or translated as
shown at Fig.11.The same red dashed square are shown at
Fig.8.(b) and Fig.10.(b) that referred to the mandible right
side and it was same as in the CBCT.

Figure 5. Representative CBCT image showing (a) axial, (b) coronal, (c) sagittal thin section slices

Figure 6. Representative CBCT image showing three dimensional model of the patient (a) frontal view, (b) lateral left view, (c) right side, (d) right side of
the mandible in cross section, (e) left side of the mandible in cross section, (f) anterior segment of the mandible, (g) posterior view of the mandible showing

outer and inner cortical plate o bone and in between cancellous bone

Figure 7. CBCT Measurements: (a) Measurements of alveolar crest width: Right molar region: 7.8mm, Right at mental foramen: 5.4mm, At midline:
2.8mm, Left molar region: 9.0 mm, and Left at mental foramen: 6.1 mm, (b) Vertical length at right mental foramen: 23.6mm, At Left mental foramen:
20.4mm, Right mental protuberance: 31.6mm, Left mental protuberance: 26.4mm
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Figure 8. Representative 3-D CT image showing three dimensional model of the patient (a) anterior view of fully face skin (Soft Tissue) with ears (Car-
tilage) and even the CT scanner device (Metal) without any artefact, (b) fully mandible right rotated side, (c) left rotated side, (d) Posterior view of the
mandible, (e) left and right sides segmented with some measurements, (f) right side of mandible rotated, resized and translated

Figure 10. Representative 3-D model with some measurement determination (a) angular and direct line measures on the right mandible side, (b) fully
mandible with angular determination
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Figure 11. Representative 3-D model with some measurement determination with rotation and translation process without any change at measured records.

4. Conclusions

One of the drawbacks of CBCT was its inability of dis-
criminating soft tissue because of its low contrast resolution.
When comparing CT with CBCT reconstructed images, CT
scans showed the most suitable images for tumor-derived
alterations due to their capacity for soft tissue reconstruction.
On the other hand, CBCT could only visualize primary os-
seous tumours or soft tissue tumours via osseous destruction
of an impinging tumour. The ideal goal of the radiographic
examination is to achieve as much information on the jaw-
bone as possible and at the same time minimize the radiation
burden to the patient regarding the ALARA principle (as low
as reasonably achievable) and the costs. This radiation dose
has to be balanced by the required information for implant
placement. Its use can seldom be justified except for the
imaging of large jawbone segments.

A contour interpolation results in a 3-D that looks
smoother and better (less gaps). Contour interpolation is
recommended to use for medical CT applications, where a
Grey value interpolation results always in correct dimensions
and correct positioning of the 3-D, but the 3-D can be noisy.
This new interactive reconstruction model can helps at di-
agnosis and pre-surgical process and provides a direct
meshing lossless method for the FEA to ensure that all nu-
merical analysis that can be determined from these models
gain the reality and be more accurate than other classical
methods.
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