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Applying custom implants to treat bone fractures for each patient is the best treatment
currently, and it represents the contemporary medical trend in the field of treating human
bone fractures(Mandible). In order to design custom implants, we must provide a 3D
barometric model that is compatible with a specific patient. The model of points is applied
by utilizing a method of anatomical entities that form polygonal shapes and multiple
regression to create a standard three-dimensional model of the mandible bone.
For the purpose of obtaining good accuracy in predicting the parameters, mathematical
calculations are formed for the parameters that represent the dimensions that can be
obtained from medical images (CT,MRI ) and the anatomical trends that are taken from
the coordinates of the measured points and the implementation of the synthetic
intelligence method in the approach of creating a three-dimensional model of the
mandible bone, as well as applying the analysis of The deviation to know and determine
the geometric accuracy of the barometric model that has been worked on, and the result
of analysis which performed between the resulting model and the initial model was
satisfactory, which was done through the use of CAD and CATIA software.
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1.Introduction

Depending on the analysis of medical images of
the mandible bone, an engineering model is
created and developed, and the mandible model
is simulated, as well as the scaffold and the
external and internal fixation tools used. For the
purpose of the definition between the three-
dimensional geometric models that were
created for the mandible in cases where it is not
possible to obtain sufficient information
through the images on the basis of which the
geometric model was formed. The use of the
application of the CT or MRIimage, which can be
employed in research related to the medical
field that depends on computer applications,
use of these images provides the possibility to
allow data and information processing where
can obtain information about the anatomical
structure of the mandible [1,2,3].

It is very difficult to create a three-dimensional
geometrical model of the mandible based on the
use of traditional approach, especially if we
know that the mandible has a very complex
geometry in addition to the great lack of
information available about the topography and
shape of the mandible surface and its complex
geometry. However, reverse engineering
depends a lot on the accuracy of the images as a
result, the accuracy of the geometric model is
based on the accuracy of the cross-sectional
medical images that were used in inverse
modeling [4,5]. Sometimes it is difficult to
obtain accurate and complete medical images of
the mandible because it may suffer from
congenital malformations or diseases such as
cancer, fragility, and necrosis. Also, the location
of the mandible at the bottom of the face makes
it vulnerable to fractures due to falls or various
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accidents. In this case, the information obtained
from the cross-sectional images is incorrect and
inaccurate and thus affect the accuracy of the
obtained geometric model. Accordingly, the
mirror imaging method must be applied, which
is one of the possible solutions for rebuilding
lost or damaged anatomical structures,
depending on determining the morphological
changes that occurred to the mandible and its
shape [6,7,8]. The adoption of statistical models
is one of the possible solutions that can be
applied to reconstruct a three-dimensional
geometric model of a complete mandible bone
that depends on the prediction of this model
without the possibility of determining the
accuracy of the prediction of the model’s
geometry and shape away from the input data
[9,10]. The purpose of research is to apply the
method of anatomical features, which was
successfully used to create a complete
barometric model of mandible using reverse
engineering and compared it with statistical
methods and applied it in the field of artificial

The creation of an
anatomically model

Medical CT or
MRIimages

Determination of the morphometric
parameters and anatomical points

Statistical analytics

intelligence to reach the highest possible
accuracy in the model prediction process. The
purpose of research is to apply the method of
anatomical features, which was successfully
used to create a complete barometric model of
mandible using reverse engineering and
compared it with statistical methods [11,12,].
The purpose of applying MAF in the field of
artificial intelligence is to reach the highest
possible accuracy in the model prediction
process.

2. The Materials And Method

Depending on tomography images of the
mandible and engineering analysis of the data of
sixteen CT images of a Without bone diseases
adult women mandible acquired from the
Toshiba MSCT Aquillion scanner depending on
standard flow) [13] and application of the MAF
to create a 3D parametrical model of the
mandible. The procedures for forming a
parametrical model are clarified in Figure 1.

Preparative
procedures

RGE of the mandible body

The predictive surface
of a 3D parametric
model|

Figure 1. Schematic of procedures of creation of a 3D parametric model

For the purpose to form a polygonal model with
high accuracy, cleaning (cutting out bumps,
growths, tumors, and other defects if any),
patching holes, missing parts, and healing the
cloud of obtained points were performed. This
is done after hashing and converting the CT data
obtained to the proper format (STL) file with the
application of CATIA software.

3.Mandible Referential Geometrical Entities
(Rges)

The reference geometric entities are lines, axes,
planes, and points which are used in the best
potential way to construct geometrical entities
that convergent the topology and geometry of
the mandible model. Morphometrically
analyses were implemented for all polygonal
models for the purpose to specify reference
geometric entities and anatomically
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orientations. Figure 2 shows distinctive
anatomically points specified in the polygonal

ne

Vertical pla

model and planes of the coordinate system
[15,14].

Sagittal plane

Figure 2. The referential geometrical entities of the mandible

4. The Anatomical Points And Morphometric
Parameters

10 central and binary morphometric
parameters can be determined using distinct
anatomical points that depict the build of the
mandible bone depending on anatomical, and
the morphological characteristics of mandible

Condylar process
Coronold process

Submandibular fossa

Sublingual fossa

Alveolar process

bone. There is displayed a detailed definition
[16]. The morphological parameters are present
in Fig. 3. We must illustrate that the geometric
model of the mandible is the parametric model
that was created from the cloud points, and
every point in this cloud can be determined
through the function of the parameter.

Mandibular foramen

Ko-KoD

Figure 3. Morphometry’s parameters

After the coordinate system has been
determined, we can get the values of the
coordinates of the anatomical points, which can

be measured in the polygonal model. 56
anatomically points created on the spline curve
created by the multi sections of the mandible
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body and they represent the input data for the
statistical analysis shown in fig.4.

Anatomical points

Sagital plane
Mandibular plane

Figure 4. The anatomical points on the mandible polygonal model

5. The Statistical Analysis

In order to form a computational form (a
mathematical equation) that represents the
connection between the input and output of the
variables' data. MAF was employed to achieve
this purpose (the relationship) using multiple
regression analysis and the development of this
mathematical model by applying the measure of
values of the formal parameters as input data
and the measure of values of the coordinates of
the anatomical points as output data. The
mathematical equation of regression will be in
the following form.

C=48+BC+[C+ LC+ ..+ 5C + ¢

where:

[ -parameters for evaluation

€ - measurement of error

C - dependent variable, and

Cl-p - the gauged values of morphometric
parameters in each specimen.

The analysis of the effect of variable parameters
on the precision of the mathematical model was
conducted to maintain data quality and at the
same time reduce the number of parametric
parameters.

For the mathematical model, the C1 and Cs
separated variables have high values of
correlation coefficients and thus led to the
deletion of the variable C4[17,18].

The type of mandible mathematical model, its
complexity, and the chosen function is impact
the quality and precision of the mathematical
model. The development of the mathematical
model and the mathematical equation depends
on parametric modeling [19]. On the basis of the
chosen function, the multiple retraction
(regression) analysis gives a statistical
valuation of the mandible mathematical model.
In this case, we can estimate the solutions that
were getting by this model were within the
values of the range of the congruent variables,
and the mathematical model is suitable. Based
on this, the process of creating a parametric
model from a considerable number of input data
necessitates the need for very complex
mathematical models, which leads to more
prediction precision.

6. Prediction Development

The application of artificial intelligence
techniques is one of the most important
alternatives used successfully in the process of
creating a mathematical model.

To implement precise connections, must define
the input and output variables by using
synthetic neural networks, which are
considered the most common in this field, as
their neurons are linked by likely links, where
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the knowledge that the networks possess is
preserved.

The neural network model shows the measured
values of the parameters data as input data and
the coordinate values as output data, illustrated
in Figure 5. The statistical analysis that was
carried out identified a set of input and output
data and a set of basics that are utilized in
training for the synthetic neural networks
(synthetic neural networks). In this research,
values of the morphometric parameters
represent the input data, While the output
values can be represented by measuring the
coordinates of the anatomical points represents
as examples, that were offered to the network in
order to gain more knowledge. Before
conducting the training process, one must
reduce the range of input and output data
values, and this is done by conducting a
preprocessing for the purpose of ensuring the

Gnathion-interdental distance

Bigonial width &/

Bicondylar distance —

Bicondylar distance

Length of the mandibular body

OO

stability of the network and the absence of
instability in it. In this paper, the data is
normalized within the form 0 to1l to -1 standard
range, and the wished input and output data is
normalized within 0 to 1 range identical to the
sigmoid transport function and its function is
neutralized in an output layer and invisible
layer. The use of the trial/error method is the
most important way to choose the number of
the number invisible layers (architectural
parameters) and invisible neurons

The backpropagation (BP) algorithm can also be
used to develop the synthetic neural networks
model. When there is no more decrease in the
error between result values and the expected
output values, the training network is stopped.
For the purpose of evaluating the prediction
accuracy of the SNN model by applying the
mean of the summation of the squared error is
applied.

Hight of the condyle —J

Minimum ramus breadth

Maximum ramus hight —

Gnathion-condylar distance
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i
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Figure 5. The synthetic neural networks(SNN) model with input and output data

7. The Prediction Development

Table 1 presents a summary of the architectural
and training parameters of the SNN model, that
is used to develop the SNN model after the
performed of triangles procedures in Matlab

was executed in the process of documenting the
coordinates of anatomic points by executing the
training for the SNN models.Table 1: SNN
parameters for the training

1 No. Of hidden neurons 45

2 No. Of input neurons 9

3 No. Of output neurons 3

4 The algorithm BP

5 The momentum 0.615

6 MSE 0.001

7 No. Of training periods 1462

8 Transfer functions in the hidden | logsig
layer

9 Transfer functions in output layer | logsig
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Table 2 present the SNN model statistical errors
and the use of a further statistical criterion,
which is the disparity between the measured
and anticipated (predicted) values, for the

purpose of the increasing accuracy of capability
in estimating the anticipation(prediction) of the
developed model of the SNN

Table 2: The performance of the SNN model

Subject MSE Deviation (mm)

SNN The training | Testing data | X Y Z
set set

1 0.001 0.026 0.294 | 0.255 | 0.387

Table 3 presents the results of the analysis that
was carried out on the resultant surface model.
which was formed using SNN (row No.1), and
the resultant surface model that was previously
built using multiple regression (row No.2). This

represents the implementation of the geometric
accuracy test of the models obtained by
applying the perversion analysis between the
input and the resultant models in the CATIA pr

Table 3: Comparing the achieved values of the deviation of the sample

Analysis of deviations (mm)

Sample | The sample created | Sample created by
No. by SNN multiple regression
1 0.39 1.04

2 0.32 1.54

3 0.34 2.39

4 0.37 2.08

5 0.39 1.96

6 0.37 1.73

7 0.32 2.05

8 0.34 1.63

9 0.33 1.72

10 0.39 1.64

11 0.35 1.96

12 0.36 1.74

13 0.34 1.07

14 0.35 2.12

15 0.34 1.66

16 0.24 2.58

The results of the deviation analysis presents in
Table 3, and it is clear that the maximum value
of the deviation is 0.39 for the models that were
constructed using the SNN, While the maximum
value of the deviation is 2.39 for the models that
were built by multiple regression. Depending on
these results were presented in Table 3, which
were obtained by applying the comparative
analysis of the deviation values of the models

created depending on SNN and the models that
were created depending on the multiple
regression.

Based on the results that have been reached in
this paper, the method of prediction presented
in this research is a new prediction promising
method. Figure 6 shows the maximum
deviations of the model of the mandibular
surface created based on SNN model.
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Analysis of deviation

Points Proportion
3980 100.00 %

Subject Value (mm)

Max. positive deviation 0.116

Mean positive deviation 00164

Max. negative deviation | -0.298

Mean negative deviation | - 0.oo188
Mean deviation -0.00569

Mandible specimen

Surface model

Max. negative deviation
=-0.298 mm

Figure 6. The extremum mandible surface model deviations from the input SNN model

8. Conclusion

The application of the improved and developed
approach showed the need for more research in
the field of an accurate analysis of the
morphologic characteristics of the geometric
model of the mandible that was created and the
usage of another mathematical models to reach
a more accurate model. The model creates on
the basis of SNN has an accuracy that qualifies it
for the applications of implant and osteofixation
design, preoperative planning, surgical
simulation, postoperative and recovery
applications. The development of a modeling
approach to bone geometry (mandible)
constitutes an important contribution to
improving the anatomical and geometric
accuracy of the model.
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