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Abstract

Purpose: The purpose of this study was to report the febisitnf computed modelization

and reconstitution of the paranasal sinuses, befodeafter trauma, from CT data.

Materials and methods. We modeled and reconstructed the paranasal sinfisego
patients, before and after trauma, using two dffesoftwares (3DSlicer and Blender). Both
patients had different numbers and locations dftin@s. The 3DSlicer® software was used
to create a 3D model from CT data. We then impottesl 3D data into the Blender®
software, to reconstruct and compare the dimensibtise paranasal sinuses before and after

trauma.

Results: The 3 fragments of patient A and the 7fragmentgatient B could be repositioned
in the pre-traumatic configuration. Distance measwents proved to be similar between pre

and post-traumatic 3D volumes.

Conclusion: After simple trauma, bone facial anatomy recomsion is manually feasible.
The whole procedure could benefit from automatimathrough machine learning. However,
this feasibility must be confirmed on more sevefedgtured paranasal sinuses, to consider an

application in forensic identification.

Keywords: Paranasal sinuses; Modelization; ReconstitutioncidFatrauma; Computed

tomography (CT)

Introduction

Postmortem identification of deceased victims ix@or forensic issue for which medical
imaging plays a major role [1-4]. Indeed, in aduitito genetic tests, fingerprint, and dental
analyses, the comparison of ante and post-mortemgiimg data appears promising,

particularly the analysis of the paranasal sinuses.

Several studies have shown the relevance of fiiton of victims by recognition
techniques using pre-mortem and post-mortem cordpotaography (CT) data of paranasal
sinuses (e.g. frontal, sphenoidal, ethmoidal andiliagy sinuses). This can be achieved
through visual comparison by matching CT data afapasal sinuses of an unidentified
deceased victim with pre-mortem CT data of pardr&isases from any subject suspected to

be the deceased victim [5-16].



However, as a limitation, a number of victims whauldl benefit from this technique have
severe and distorting craniofacial trauma that @édwmper this comparative analysis. For
instance, in case of mass disaster such as anqeakin or an aircraft crash, the visual
comparison of pre and post-mortem CT data could bheotachieved due to the victims’
shattered facial bones. To address this limitatawe, hypothesized that advances in the
analysis and post-processing of CT data could allowrtual reconstruction of facial bone

anatomy when it is modified by a trauma.

The purpose of this study was to report the feldgilmf computed modelization and

reconstitution of the paranasal sinuses, beforeafted trauma, from CT data.

Materials and methods

Patients

We retrieved the CT data of two patients' skultarfrthe digital archiving network of our
institution, choosing cases where pre- and postiea acquisitions were available, with
different numbers and locations of fractures. Wergmized and labelled them “patient A”
and “patient B” (Fig. 1). Patient A was a 45-ye&t-man with 3 fragments, involving a piece
of the lateral wall of the right maxillary sinusdatwo parts of the right zygomatic arch.
Patient B was a 59-year-old man with 7 fragmemnt#lving both maxillary sinuses, the nasal

septum and the right frontal sinus.

Modelization steps

For each of the four CT acquisitions, we succe$siperformed the following steps of
analysis. We imported DICOM CT data from the sKirla "soft" filter) on an open source
software, 3DSlicer®, developed by the Laboratoryviathematics in Imaging of the Harvard
Medical School. We then used the "Crop Volume" medof this software to focus the
volume of interest on the paranasal sinuses andntsoids, in the transverse, sagittal and
coronal planes, after having modeled the craniainae in three dimensions (3D), using the
volume rendering application. We used the "thrasledlect” function of the "Editor" module
to semi-automatically generate a highlighting ohéowalls Then to refine the modeling
manually, we used the "Paint Effect” function ok teame module (Fig. 2A). The brush
diameter of this function is customizable, rangiingm a decimeter to a quarter of a

millimeter, which allows precise modeling of bothmetthickest structures (e.g. the cranial



vault) and the finest partitions (especially thellsvaf the ethmoidal cells). In the case of
fractured volumes, we modeled each fragment witliffarent color, randomly chosen. This
part required technical skills to wield the softe/ar functions, and radiological skills to
determine which bone was broken and to isolate desyment from the others. Once
highlighting was performed, we used the "Per-StmectVolumes”, "Split Merge Volume"
and then "Merge And Build" tabs of the "Editor" nube, which generated three-dimensional
volumes of the different fragments (Fig. 2B). Wevesh this 3D data as an ".stl" file, the
standard format for 3D printing.

Reconstitution steps

The reconstruction part required the Blender® safey developed by the Blender
Foundation. We started by importing 3D volumes frgpre-trauma” acquisitions into the
Blender® workspace. The next step was to make titimes of the volumes transparent. To
do so, we clicked on the "Material" tab locatedha right column and then on "+ New". We
checked the "Transparency" box that appears indtbe-down menu below, then set the
"Alpha" value of the "Z Transparency" submenu t800. The last step was to click on the
bottom menu tab that changes the way the 3D olgesdten ("Viewport shading” menu), and
to select "Material". This visualization mode makigsossible to measure distances inside the
paranasal sinuses. To carry out these measurententss necessary to use the left column,
to select the "Grease Pencil" tab, then to clickRualer / Protractor”. This allows for distance
or angulation measurements outside or inside thed@me, by rotating around, or zooming
in or out (Fig. 2C). By pressing the "N" key, a phdown menu appeared on the right of the
screen, which allowed to change the scale of thed@Dme, or of the background.

The reconstitution of fragmented 3D volumes wasex@d as follows: we imported
on the same "3D scene" all the fragments, whichtipoed themselves in the same way as
they were modeled on 3DSlicer®. The goal was thenreposition each fragment to
reconstruct the paranasal sinuses. Fragments whyeted with the right click, moved after
pressing the "G" key, then dropped on the righiteswith the left mouse button (Fig. 2D).
To change their orientation, we first changed tivetgpoint on the lower menu, choosing "3D
Cursor". Then with the left mouse button we sel@éde adequate pivot point on the "3D
scene". This pivot point was firstly used by pregsihe “R” key, which enabled us to rotate

the fragment. By secondarily pressing the "X", "8 "Z" keys, the rotation was done



according to the 3 corresponding planes of theespabich made it possible to position the

fragment in all the possible orientations. The fagt was then released with the left click.

Modeling and reconstitution assessment

Once the different fragments were repositionednveele the volumes transparent according
to the steps previously described. Then we perfdrrddferent distance measurements
(height, width, and depth) (Fig. 3). The height wamsidered the maximal craniocaudal
diameter, the width the maximal transverse diameted the depth of the maximal

anteroposterior diameter [17, 18]. The sphenoids®@s were considered as a single entity,
and the frontal sinuses and maxillary right and $&fuses were individualized [18]. Since

patient A displayed a fracture of his right zygommadrch (an element easily accessible to
measurement), we measured the angle of this bouetge on both pre and post-fractured

volumes.

Results

Patient A had facial bones fractures consecutive lticawl. Patient B had Parkinson’s disease
and fell from his height. For both patients we wabte to modelize CT data and reconstruct
the traumatized facial anatomy in the same cordinn as pre-traumatic CT. The various
intra-sinus measurements of the two patients, @ity width, height and depth of each
paranasal sinus are reported in Table 1. The dimenf the different paranasal sinuses
were similar between pre and post-fracture voluméts, a maximum error of 0.06 mm. The
inner angle of the pre-fractured right zygomatichaof the patient A was 146°, vs. 143° on

the reconstructed post-fractured volume. The angls measured in the middle of the arch
(Fig. 4).

Discussion

In our study, softwares allowed a faithful modeliagd reconstruction of the paranasal
sinuses and the dimensions of the different paedsaisuses were similar to those reported in
the literature [18, 19]. We used the soft kerng$ue patients’ skulls data, considering that
soft kernel reconstructions can be noticed on alrang head CT study, but the presence of

hard kernel reconstructions could be inconstant [8]

To our knowledge, no similar study exists in thierature. In articles assessing

identification by comparing CT data of paranasalises, we found that authors compared pre



and post-mortem CT data of paranasal sinuses hyg vsformatted axial images [9]. The data
were considered matching when these reformattedasiaould be superposed. In our study
we could not achieve to superpose the pre andrposhstituted 3D volume, so we opted to
assess our reconstructions by measuring the maxitemgth, width and height of the
different paranasal sinuses. Without comparisometd, we considered a maximum error of
0.06 mm acceptable. The use of both free-accessaes was facilitated by consulting many
written and video tutorials available on the ingfrnThese programs run on standard
computers, and do not require high-performance msatkdicated to 3D modeling. The main
disadvantage of the technique we describe liekartitne required for accurate modeling of
the fragmented volumes, on the 3DSlicer® softwAréficial intelligence will probably help

reduce this time.

Several studies have shown the relevance of fitation by recognition, by matching
post-mortem computed tomography (CT) data of paansinuses (e.g. frontal, sphenoidal,
ethmoidal and maxillary sinuses) of an unidentifideceased victim with older (“pre-
mortem”) CT data of paranasal sinuses from a subybose identity is supposed to be the
right one [5-9]. Paranasal sinuses’ anatomy is umitp each individual, even between
homozygous twins, and remains stable during agéjg lfs only possible variation is to
thicken and / or partially shrink secondarily torte@ local infections. It has significant
resistance to direct trauma, and as a bone steuituesists the decomposition of soft tissue
[8]. Regarding radiological identification methodsandard radiography has gradually given
way to computed tomography by CT scan or cone-b€dmThe use of CT data appears
more relevant than that of standard radiographyabee its analysis seems more objective,
and due to its widespread use nowadays, in neucalogand otorhinolaryngological
conditions. On the other hand, the developmentB4GT in dental pre-implant assessments
makes it possible to have a base of comparison mork more abundantly. Standard
radiography also has the disadvantage of modifghegoaranasal sinuses dimensions in terms
of length / width / height according to the incidenof X-rays [11]. It is also possible to
compare conventional pre-mortem standard radiograpith projected images calculated
from post-mortem CT data [12, 13]. In addition tee tincreasing use of CT scan in the
different fields of medicine, image archiving hasere spread in forensic medicine

departments, allowing to compare pre and post-modata [16].

We establish a first step, by showing in this fleidity study that a radiologist with basic skills

in otorhinolaryngologicalanatomy can reconstitute the bone facial anatomysimple



traumatic cases. Further research could extendrebmnstitution to more fragmented facial
bones, in order to even consider forensic identiite in the most traumatized cases. In these
complex cases, mathematical approaches like statishape modeling should be tested [20-
22].

Our feasibility study has several limitations. Wevided a single-observer study.
Although the modelization required radiologic skitb be accurate, we considered that these
little fractured paranasal sinuses would not be efipeld or reconstituted differently by
another radiologist. Indeed, each bone fragmentthef post-fractured volumes was
individualized from the others, minimizing the risk error. Unlike authors who compared
paranasal sinuses volumes [6], we could not achieveneasure volume of each of the
paranasal sinuses with Blender®. Indeed, the 3Dmek are made of thousands of polygons,
and we could not isolate the volume of the pardnsismises themselves from the total

volume.

In conclusion, our results show that bone faciahtamy modelization and then
reconstitution is manually feasible in poorly fiaetd paranasal sinuses cases, without
requiring advanced skills or high-performance cotami The whole procedure could benefit
from automatization through machine learning, esplgcconsidering the time required for
the entire procedure. However, this feasibility s confirmed on more severely fractured
facial bones, to secondarily consider an applicatio forensic identification. In these

complex cases, other approaches like statistiGaesimodeling should be tested.
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Figures captions

Figure 1: Axial images from CT data of pre and post-fractured paranasal sinuses from patients A
and B. Pre-fractured paranasal sinuses of patient A appears on Fig. A, and pre-fractured
paranasal sinuses of patient B on Fig. C. Bone fractures are rimmed in red. Patient A presents a
fracture of the lateral wall of the right maxillary sinus (Fig. B). Patient B presents fractures of
both maxillary sinuses, involving the right anterior wall and the left anterior and posterior walls

(Fig. D).

Figure 2: A) Semi-automatically generated highlighting of paranasal sinuses’ bone walls of
Patient A pre-fractured volume in 3D Slicer®. The bone structures are highlighted in yellow in
the 3 views (axial, sagittal and coronal) of the CT data of the head. B) 3D volume of Patient B
post-fractured paranasal sinuses in 3D Slicer®. The structure in yellow is the non-fractured
volume. The element in dark green is the fractured anterior wall of the right maxillary sinus and
the elements in light green and red are the bone pieces of the fractured nasal septum. C)
Blender® interface - pre-fractured 3D volume of Patient A paranasal sinuses. The semi-
transparent walls allow distance measurements within the paranasal sinuses. D) 3D bone
fragments of paranasal sinuses from Patient B. All of the seven bone fragments are shown next
to the facial skeleton.

Figure 3: Example measurements of the Patient B paranasal sinuses dimensions. The white lines
represent measurements of distances of maximum height, width and depth within the paranasal

sinuses, whose walls appear semi-transparent thanks to the Blender® software.

Figure 4: Measurements of Patient A right zygomatic arch on pre (A) and post (B) fractured
volumes.

Table 1: Dimensions of 3D reconstituted paranasal sinuses.
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Pre-trauma Post-trauma
Height Width Depth | Height  Width  Depth

Patient A
Maxillary right 31.85 26.04 40.11 3187 26.06 40.11
Maxillary left 35.67  33.72 3987 3566 3372 39.85
Fronta 41.04 70.09 2253 4102 7010 2251
Sphenoidal 29.07  30.82 2721 2905 3083 27.21

Patient B
Maxillary right 34.26  27.02 36.78 3426 27.01 36.77
Maxillary left  34.31  24.00 38.07 3430 24.01 38.09
Fronta 41.76 69.08 1848 41.74 69.09 18.49
Sphenoidal  29.16  30.85 2726 29.16 3091 27.27

Note. Data are expressed in mm





