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Abstract

Purpose: CBCT imaging does not record dental morphologgusately due to the scattering
produced by metallic restorations and the repomednification. The aim of this study was the
development and the evaluation of a new methoth®replacement of the distorted dentition of

CBCT scans with 3D dental image captured by aaligitraoral camera.

Materialsand Method: Six dried skulls with orthodontics brackets fixew the teeth were used
in this study. Three intra-oral markers made oftalestone were constructed and attached to
orthodontics brackets. The skulls were CBCT scammmebtlocclusal surfaces were captured using

TRIOS © 3D intraoral scanner. The digital intra-oral scd®3) was fused into the CBCT
models. This produced a new composite digital moéiehe skull and dentition. The skulls were

scanned again using the commercially accurate arm to produce the 3D model “gold
standard” for the assessment of the accuracy ofléveloped method. This was assessed by
measuring the distance between the occlusal sgriafcdine new composite model and the “gold
standard” 3D laser scanned model

Results: The results showed the errors related to thersupesition of the intra-oral image on
the CBCT to replace the distorted dentition wergvben 0.11 and 0.20 mm.

Conclusion: The results of this study suggests that the dentih the CBCT can be accurately
replaced with the digital I0S captured by an imgral scanner to create a composite model
which will improve the accuracy of the digital ootnathic surgical planning and the fabrication
of an occlusal wafer.



Introduction

Cone-beam computed tomography (CBCT) is widely icmmed the gold standard for obtaining
images of hard tissue and is becoming a routinégati@naging modality specifically designed
for maxillofacial surgery. However, for orthognattgurgery planning the accurate recording of
the dental occlusion is necessary. In CBCT imagimigualization of the dentition is

compromised due to streak artifacts caused by rdetdhl restorations and orthodontic brackets.
(1-2)

The possibility of taking a CBCT scan without skeatefacts can be achieved if all metallic
objects within the oral cavity are eliminated. Readoof metallic restorations as well as
orthodontic brackets, would be time consuming aasifnancial implications.

Metal artefact reduction (MAR) algorithms reducee teeverity of artefacts by adjusting
mathematical calculations of the CBCT to replace distortion areas. However, until now, no
MAR algorithm has been developed to a level of eaxcy that could produce images with
adequate precisidfy.

The process of spatially superimposing 3D imagescobirate dental occlusion will facilitate the
broad application of CBCT scan for orthognathiasuy planningd®.

Gateno et al’® reported the first clinically applicable methoddmmbine an accurate dentition
image of the dentition into the computerized 3Dlisknage with the use of extra-oral fiducial
markers. Subsequently, Swennen éfaleveloped a triple CBCT scan, they used voxeldase
registration to create a composite model of jawedsoand dentition with accurate dental
anatomy. The registrations were based on the maatian of mutual information registration
algorithm reported by Maes et &l The technique proved to be highly accurate amyenient

for patients. The disadvantage of this method & the triple CBCT scan requires scanning the
patient twice, which is associated with an incraasposure to radiation.

The aim of the study was to develop and evaluateva method for the replacement of the
distorted dentition of CBCT scans with 3D dentaaga captured by the digital intraoral camera.



Materialsand M ethods

Six dried skulls with orthodontics brackets fixedl the teeth were used in this study. The skulls
were available among our historical archive, sapproval was required to utilise them for the
study. Three intra-oral markers made of dentalest@ere constructed, one on the central incisor,
one on the right second premolar and the othehereft second premolar of the maxilla. These
were constructed using a die stone class IV (Shedatock, John Winter &Co LTD, Halifax,
England). Stainless steel wire, 0.5mm (K.C. Smitth@Ltd, Hertfordshire) was used to create a
cross-wire appearance by soldering a horizontal \artcal wire to be easily adapted to the
orthodontic brackets. The cross wires were atth¢behe markers using a specific glue. The
markers were installed onto the brackets with tekp lof the cross wires. The markers were
secured onto the brackets with the use of orthadefdstics (Figure 1).

Each skull was positioned in the middle of thedief view and CBCT scanned using i-CAT
scanner (Imaging Sciences International, Warple Wagdon) with 0.4mm voxel size. A 13-cm
field of view (FOV) was used, which took 20 secoridscomplete. The images were then
exported as a Digital Communication in Medicine @@IM) file. The CBCT volumetric data of

the skull hard tissue (DICOM format) were converieo stereolithography (STL) format using

Maxilim software (Medicim- Medical Image ComputirBglgium).

The dentition was scanned, with the markers inglasing a TRIOS 3D intraoral scanner
(3Shape A/S, Copenhagen, DenmaBgch CBCT maxilla image and the corresponding aligit

3D dental image with the markers in place were irgzbinto VRMesh software, (VirtualGrid,

Seattle City, Washington) (Figure 2). The two immgeere then manually aligned using the
markers, and six points were selected in the cernéreach marker. A total of 18 reference
points were placed in the CBCT image (source) &fd image (target) for manual registration,
this was followed by fine alignment iterative clesg@oint (ICP) between the surfaces. This
allowed the occlusal surface of the dentition @& thaxilla to be replaced with the 3D image of
the occlusal surfaces captured by the intraorairsma This method is summarised in (Figure 3).

To measure the accuracy of the proposed methagpefisnposing the intra-oral dental image on
the CBCT, the skulls were laser scanned usingritiasirial Faro 3D laser scanner (Figure 4)
(Scantec, Coventry, UK), which allowed 3D surfacptare with an accuracy of 2pm
according to the manufacturer’'s terms. The supei@lity of the recorded images can not be
obtained with any other imaging modality; this wabualot be achieved clinically as the scanner is
not designed for applications on patients. Theesftis laser produced image was considered
the gold standard for the comparison with the diyitassembled 3D model of the teeth and jaw
bones.

The composite model and the corresponding lasemschskull were imported into the VRMesh
software (Figure 5). The dentition of the compositedel and laser model were isolated from



the rest of models. Manual registration was peréatioy using anatomic corresponding points in
the two images. Surface-based registration was dpptied ensuring that the composite model
image of the maxilla was the source and the imdgbheolaser scanned model was the target.
The occlusal surfaces of the dentition on both sagere isolated, the discrepancies between
the two were measured and displayed in the histogtaart (Figure 6). The absolute distances
between the corresponding surfaces determined riioes eassociated with the fusion of the
digital 3D image of the dental arch with the CBAD. assess the statistical significance of the
measured differences Wilcoxon signed rank testapadied at p<0.05.

To assess the errors of capturing the teeth using-oral scanners, the dentition and markers of
the composite model and laser model were isolatad the rest of models (Figure 7). The two
images were then manually aligned using the markdth six points selected in the corners of
each marker, followed by fine alignment (ICP) begwehe surfaces. The discrepancies between
the two images were measured and displayed inishegnam chart (Figure 8).

Results

No statistical significant differences between nueasents on the first and second occasion of
superimposition 10S model into CBCT skull at P<O(T&ble 1).

The absolute mean distance between the maxillagtusal surface meshes for the 10S
dentitions and laser model dentitions, when reggst@n intra-oral markers, ranged from 0.13 to
19mm, whereas when registered on the skulls swefaeaged from 0.11 to 0.20mm (Table 2).
The overall results showed high accuracy of theeliped superimposing method. The
differences between the occlusal surfaces are showhme histograms in (Figure 6, 8), most of
the occlusal areas showed light green to orangricahdicating a good fit of the superimposed
dental image on the CBCT scan.

Discussion

At present, CBCT imaging does not record the oeatlasrfaces accurately due to the scattering
produced by metallic restorations, orthodontic keés and the low- resolution of the CBCT
scan. This is a major obstacle for occlusal regfistin which interferes with orthognathic wafer
fabrication to guide the surgical correction of téacial deformities?.

In an attempt to solve this problem, several atihave used simple image fusion techniques by
applying the best-fit algorithm between teeth ste**Y. The technique is straightforward but
has some limitations, as using the teeth surfatéeeoCBCT as registration references is an
unreliable method, this has been well investigedad reported by Nairn et. al, due to the
magnification that occurs during radiographic séagrof the dentitiorf*?. Therefore, there are
inherent inaccuracies with the use 3D image prodidiem the direct radiographic scanning of
the dentition for the virtual planning of orthogniatsurgery.



Other studies explored the extra oral fiducial nessko replace a defective dentitién®*°) The
disadvantage of using extra-oral fiducial markeissvithe resultant significant change in the
facial soft tissues. This could interfere with stifisue prediction planning for orthognathic
surgery.

In this study, the rational behind using the orthaet brackets to hold the reference markers
was to decrease the laboratory time for constrnctibnew appliances. Most of the previous
studies have used dental casts to fabricate a aenpk a device that can hold the fiducial
markers in placé?'®. The proposed method does not require construdfidimgual or palatal
plates to guide the superimposition of the dentage on the CBCT scan, which reduces the
cost and the laboratory tint&.

The developed markers can be easily located albmvievel of the clinical crowns on the labial
and buccal aspects of the teeth of the upper jaiw,prevents the markers from being distorted
by streak artefactd) The design also prevents the undesired distodighe soft tissues that had
been reported in previous meth§ds?

The marker and cross wire were designed to be massive, comfortable and securely
positioned on the labial and buccal aspects ohthgilla using 0.5mm stainless steel wire was
fitted perfectly into the horizontal slot of thealbkets and the 1mm wire was found to be suitable
for the vertical slot.

One of the main advantages of the intraoral scaisnitre possibility of capturing the teeth and
brackets with the markers in place directly, whiedlihminates the need of dental impression
which reduces the total processing time and mirgrpetient’s inconvenience.

According to Yang et af® 20 minutes are required for taking dental imp@ssind 45 minutes
are required for the stone model to set. In oudystit took less than10 minutes to apply the
markers on the orthodontic brackets and obtairg#atidental image.

The mean absolute superimposition error in thighystanged from 0.13 to 0.19 mm. This is
similar to the previous study where the mean reggish error ranged from 0.13 to 0.26 rfiln

Uechi et al*¥ used a references splint with three ceramic lzaits reported on the root mean
square errors (RMSE) for the accuracy of superiniposof dental image on the CBCT between
0.025 mm to 0.21 mm, which is similar to our finglinrang et at"'® used a palatal plate with
four spherical fiducial markers and found RMSE I#smn 0.2 mm. The mean distance between
the two occlusal surfaces on the maxillary was ®20.03 mm.



de Waard et dt” used a wax bite containing markers to replacedts®rted dentition by the
IOS dental model. The mean registration errors eetwthe 10S model and augmented model
ranged from 0.12 to 0.45 mm.

Nairn et al.*? investigated the amount of magnification of theti®n of the CBCT of the
skull. The absolute mean difference between thé&usatsurfaces of the CBCT and laser image
ranged from 0.53 to 0.14mm.

Most of the previous methods explained that intad-6ducial markers can be distorted during
CBCT scanning images due to the streak artefaéts However, in our method, the markers
were above the occlusion level which overcame ther®in image acquisition due to the streak
artifacts. The size of the fiducial marker plays ienportant role in the registration process.
Based on the trial we conducted before but notrtedan this study, the smaller markers failed
to facilitate the accurate registration process.

Based on the findings of this study we recommerfdllaw up investigation to compare the

accuracy of the presented technique with the exysdrthognathic planning methods to identify
the magnitude of the discrepancy and investigatelimical implications. The presented method
is a step in the right direction to improve thetwad prediction of the surgical correction of

dentofacial deformities.

L egend of thefigures:

Figure 1. The maxillary teeth with three markers attacleedrthodontic brackets, the markers
secured onto the brackets with orthodontic elastics

Figure2. The CBCT maxilla image and corresponding diggaldental image with the markers
in place imported into VRMesh.

Figure 3. Flowchart demonstrating how the composite virtoelge was created.

Figure 4. The faro laser arm scanning one of the skulltarddentition to produce the “gold
standard” model for comparison.



Figureb5. Laser scan skull (left) and composite skull & it (right) were imported into
VRMesh.

Figure 6. Colour error map showing discrepancies betweéehdrposition of the dentition of
developed composite model.

Figure7. The dentition and markers of the composite maddllaser model were isolated.

Figure 8. Colour error map showing discrepancies betweermpdsitions of the superimposed
dentitions.
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Table 1. The average difference between the first andrgksaperimposition of IOS model into
CBCT skull,p=0.2557(>0.05)



Average (mm)
-0.02685
2 -0.01407
3 0.04754
4 0.07291
5 0.02607
6 0.01209

Table 2. The average difference between the dentition sesfaf laser model and the 10S
model when aligned (a) on the bone surface and \ahgned (b) on the intra-oral markers.



Model (a) Bone surface (b) Marker surface
Absolute mean distance(mm)Absolute mean distance(mm
1 0.20 0.19
2 0.20 0.15
3 0.11 0.14
4 0.17 0.13
5 0.18 0.19
6 0.11 0.15










CBCT 0.4mm voxel scan image of maxilla
with reference markers in situ (DICOM)

Intraoral scan image of maxilla with the

reference markers in situ (STL) DICOM file converted to STL file using

Maxillm

Digital dental model was imported into CBCT model was imported into VRmesh

VRmesh

Isolate virtual reference markers (STL)
Isolate virtual reference markers (STL)

Superimposition of both images using point-based
registration, 6 points in each marker was placed at the
corners of the hexagonal marker.

l

Surface based registration (ICP) applied for fine alignment

[ Inspection between images ]



















