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Abstract

In this study one evaluate the efficiency of a new method to characterize the distribution of bone tissue within
a human structure that could be wildly explored in research but especially in medical fields due to its simplicity
and efficiency. Two different methods were used to characterize the distribution of tissue in the bone structure.
The first was open source software (Image J) with a dedicated plug-in and the second was commercial software
(Simpleware ScanlP). Using temporomandibular joint DICOM files, one evaluated the largest section of the condyle
and the distance between the top of the condyle and the section with the least cancellous bone as a way to verify
the accuracy of the method and the way that user’s skills influence the results. Finally, we built two 3D models based
on the extreme cases considering the bone distribution. Results from the two methods were compared in order to
validate the new proposed method. The comparison showed that the proposed method has enough feasibility to
perform the bone distribution analysis, since the results, precision and repeatability were successfully confirmed.
Furthermore, one states that the principal advantage of this method is the faster evaluation of the bone structures

with a very satisfying precision which augurs good perspectives during its use in the medical fields.
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Introduction

The imaging techniques available to medicine have increased in the
past few years with new, more advanced and accurate methods being
used. For example, conventional radiography, computed tomography
and magnetic resonance tomography play an important role helping
surgeons planning their surgery strategies [1,2]. To transform and use
the information provided by imaging techniques, several software are
available in the market to allow the exploration and characterization
of the different bone structures and tissues [3]. One well-established
approach using this information is based on 3D model reconstruction,
through CT scan images. This technique displays a 3D model and
allows a better understanding and evaluation of the structure. In
the medical field, these methods can be used to prepare the surgical
procedure and especially to choose the best implant for each patient
when the joint needs replacing [4-8]. Human joints and bone structures
present very complex dispositions and geometries which are difficult
to evaluate before surgery but have to be considered according to the
small area available in some cases [9]. The temporomandibular joint
(TMJ) and the jawbone are the most complex joint and bone structures
of the human body. Several muscles and nerves need to be preserved
to provide a correct joint functioning. Due to their important role in
the patient’s life and their complexity, maxillofacial surgeries are very
sensitive procedures where surgeons need to deal with a small and
restricted volume but at the same time they need to cut bone and place
an implant.

At present, there are two main temporomandibular joint implants
(TMJ implants) available in the market: the TMJ Concept’ and the
Biomet. In order to ensure correct positioning of these implants in
the mandibular condyle and the safety of the procedure there are
several characteristics that should be taken into account: condyle
size, bone quality, implant size and the positioning of the screws [10].
Condyle size is a parameter that should be evaluated in the pre-surgical
consultations. Considering the TMJ implant references, in order to place
the mandibular part of the implant, the surgeon needs to cut the condyle

and the distance available to put the implant will dictate the best option
for each case. Another important variable that should be taken into
account during TMJ surgeries is the quantity of cancellous bone inside
the jawbone in order to choose the best implant and its fixation.

According to the relevant details about these parameters, it is
essential to have maximum information about the joint and the bone to
prepare a successful surgical intervention. To obtain this information,
a few open source software, such as Image-J, have earned their place
in the medical field [11-13]. Image-] is based on Java Script, and is
an open-source software allowing continuous evolution supported by
user contributions through the upload of new packages and functions
according to their needs. This software globalization represents a high
value advantage when compared with other commercial software that is
restricted by their copyrights. The flexibility of this software allowed us
to create a new plug-in to characterize the bone tissue and thus provide
an accurate but also a faster tool to evaluate the tissue geometry, guiding
the surgeons in their decisions through the surgical process, and thus
minimizing or avoiding any risk to the patient.

Under these conditions, two characteristics of the human condyle
were measured to evaluate the accuracy of the tool and validate the
study procedure. These were the area of the largest section of the ramus
and the distance between the top point of the condyle and the minimum
cancellous bone section inside the mandible.
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Sections

Figure 1: Analysed sections (A: condyle top point; B: condyle largest section;
C: condyle smallest cancellous bone section; X,: distance between point A
and C).

Materials and Methods

The present study analyzed a CT scan of a human mandible
provided by the University Hospital of Bonn, Germany, in order to
evaluate two mandibular geometrical parameters (the area of the
ramus largest section slice and the distance between the top point
of the condyle and the minimum cancellous bone section inside the
mandible). The authors were then able to validate a new and faster
procedure to characterize within bone tissue (Figure 1).

Two different techniques were used to obtain the information
provided by the DICOM files. The first was a 2D approach with Image-]J
to evaluate the interior bone characteristics. The second approach was
made by Simpleware Scan IP to validate the previous method with
Image-] plug-in. Simpleware Scan IP is a software that can collect and
read information from DICOM files in 2D or 3D; however, building
a 3D model could take long periods of work, depending on the user’s
skills, scan resolution and quality desired, which consequently preclude
its wide use for clinicians and opens a window of opportunity to Image-]J
and other open-source software.

Image-J (plug-in)

Image-] (Image analysis software v1.43 NIH, Bethesda, MD,
USA, http://rsb.info.nih.gov/ij/ ) is open source software based on
Java applications. This makes it extremely flexible, enabling users
to read, edit, analyze, process, save and print 8-bit, 16-bit and 32-bit
images in several different formats, such as TIFF, GIE, JPEG, BMP and
DICOM [3,14]. Given these characteristics, and because it is within
the public domain, users are allowed to modify and create new plug-
ins for Image-]J. This characteristic has generated a strong medical and
academic community around new Image-J potentials, which have led to
several different scripts and macros being integrated [14].

Due to these characteristics, a new Image-] plug-in called
“magiKenvelop” was developed by the Research Engineer Vincent
Delos from 12M, CNRS-University of Bordeaux. It allows the user to
manipulate the DICOM images and creates a differentiation between
cortical and cancellous bone and consequently provides the 2D-sliced
volume of the interior cancellous bone. These DICOM images
were therefore loaded and the space between slices was evaluated to
determine the real vertical distances in each condyle. Subsequently,
in each scan one identified the top and the largest cancellous bone

section slices (A and B respectively). One also evaluated the slice with
the minimum cancellous bone available in the mandibular ramus (C)
(Figure 1). This procedure was performed for the right and left sides of
the mandible.

Using this procedure one was able to measure:

o The area of the top of the condyle section and the minimal
cancellous bone section in each condyle;

« The distance between the top of the condyle and the minimum
section of cancellous bone.

In order to evaluate the accuracy/repeatability of the selections, five
measurements were performed in the same patient’s mandible (right
ramus) for each parameter.

Simpleware scanIP

Using Simpleware scanIP, two 3D models were created based on
the two extreme cases according to the quantity of cancellous bone
inside the mandible (largest and smallest amounts of cancellous bone
available). Simpleware scan IP allows CT data segmentation. Computed
tomography images are used as a slice-by-slice source, onto which a
mask is placed. This mask creates a matching between pixel location/
coordinates and bone properties which are defined by the grey-scale
values. These individually sliced masks are then combined into one
three-dimensional shape, which is then smoothed to minimize the
occurrence of inaccurate geometry on the boundary between mask
slices. Creating 3D images using this technique it is possible to create
an accurate mapping of both internal and external bone surfaces [4-8].

The material properties assignment procedure is well accepted in
the scientific community [4,15,16]. In short, it enables the material
properties (density, Youngs modulus and mass) to be adjusted
according to the grey-scale values obtained during the CT scan. From
these results, the differentiation between cancellous and cortical bone
in each of our models were assumed respecting the Hounsfield units
defined by Bujtar et al. [17] i.e. [600-1300] HU and [1300-1600] HU for
cancellous and cortical bone respectively and respecting the software
standards (Figure 2). There was a high correlation between provided
by Simpleware scan IP it was possible to compare results and validate
the first procedure and evaluate the accuracy of the measurements
performed with Image-J.

Results

The results presented in this section intended, at first, to evaluate
the repeatability of the adopted method which will promote a closer

Cancellous Bone

Cortical Bone

A B

Figure 2: 3D model reconstruction. A: Largest amount of interior cancellous
bone; B: Smallest amount of interior cancellous bone.
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view over the influence of the user’s skills using this method. Then,
comparing with this method with commercial and accepted software,
one intends to validate the accuracy of the tool performing the
evaluation of bone distribution within bone structures.

Repeatability of results - (standard patient)

One observed that according to the total distance parameter (Figure
1-X)), the repeatability test results show a range of 19-20.5 mm for the
right condyle with a standard deviation of 0.55 (Table 1).

Similarly, the selected area in the right condyle shows a high
repeatability rate between trials. We observed that the area results for
the right condyle are between 80-85 mm? with an average of 82 mm?.
We therefore recorded a maximum error of 3% for the right condyle.

Validation procedure

To validate the first procedure one built two 3D models and
compared the cancellous bone quantity inside the condyle as previously
described. In each case, the distance between the condyle top and the
smallest section of cancellous bone was evaluated and compared (Figure
3). There was a high correlation between Image-J and ScanIP results
(R*=0.99). This was sufficient evidence to validate the first procedure.

Discussion

The purpose of the study is to validate a new computational method
to characterize the distribution of bone tissues, an essential requirement
in the surgical field. Nowadays there are several technical solutions
available on the market. However, the ones which offer the best results
are usually associated with research and they are not considered as a
surgical tool to help surgeons prepare their surgical procedures since
it takes a long time to fully understand their processing methodologies
and to create the models.

The main advantage of using commercial tools such as Simpleware
Scan IP or similar, lies in the fact that it is possible to build a completely
functional 3D model based on 2D images and export it to further

numerical simulations. Despite this great advantage, there are some
details that could prevent its medical use. Additionally, the procedure
used to build a 3D model based on CT scans can take considerable time
depending on the user’s skills and the accuracy desired.

In medical practice there is always an urgency to provide a quick
answer to the patient’s problems. The method proposed in this study
could therefore have an advantage over other complex methods, since
it is faster and easier. Furthermore, although not discussed in this work,
Image-J plug-in here developed can also provide a faster 3D model
reconstruction based on scan images which takes just a few seconds.
However, unlike other commercial solutions, with this neither model
further exportation nor numerical simulation are possible as it provides
just a simple 3D model that surgeons can only use to evaluate bone
characteristics.

Using the parameters described in Figures 1A-1C, we evaluated
the accuracy of the proposed tool and observed that the results based
on the repeatability tests were very satisfactory. The five repetitions to
evaluate the influence of the user’s skills in selecting the section area -
B and the total distance - X, showed that the selection did not change
significantly (more than 5%) in each trial, which represents a small
influence on the part of user’s expertise. Having similar results with an
insignificant influence of the user’s skills allows then to look for further
results.

As previously stated, building 3D models using CT scan images
is a well-known procedure in biomechanical research that guarantees
a very satisfactory approximation to the real subject. To validate the
first method described in this study (Image-]J), we used a commercial
solution (ScanIP. When comparing the results of these two tools
we observed that the differences remained at 3% according to the
parameter selected to perform the validation. This comparison points
out the feasibility of the method and its potential use as a useful medical
tool to evaluate bone structures and prepare a medical intervention in
a faster way which permits to fill a gap according to other expensive
commercial solutions.

Essay 1 2 3 4 5 Average SD
Distance between A and C (mm) 20 20.5 20 20 19 19.9 0.55
Area of the main section (mm?) 84.6 85.1 80.1 81.9 79.6 82.3 2.52
Table 1: Repeatability results for the right condyle.
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Figure 3: Protocol validation. Left: Correlation between Image-J results and 3D models; Right: 3D model measurements.
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Conclusion

Processing tools can be used in different areas of academic
research and medical fields as a way to predict and prepare a surgical
intervention. In this study, the authors intended to validate the use
of a new tool to characterize the distribution of tissues within a bone
structure. Two different parameters have been compared using this
software and the developed plug-in. It is now also possible to evaluate
different mandible characteristics, such as cancellous bone dimensions
and geometry. Comparing with other commercial tools, for example
Simpleware Scan IP (used in this study), the presented method looks
faster, simpler to use and having the same efficiency to produce the
results which could be explored by surgeons to prepare their surgical
interventions in different areas, as for example in maxillofacial surgery,
knee or shoulder arthroplasty, etc. To conclude, this study promotes a
closer idea to a new method to characterize the interior bone tissues
which can be explored as a surgical tool in everyday surgical operations.
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