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IMAGE FUSION ACCURACY FOR THE INTEGRATION OF DIGITAL DENTAL MODEL
AND 3D CT IMAGES BY THE POINT-BASED SURFACE BEST FIT ALGORITHM

Bong-Chul Kim*, Chae-Eun Lee?, Won-Se Park?, Jeong-Wan Kang?,
Choong-Kook Yi?, Sang-Hwy Lee?*
"Medical battalion, The 6th infantry division, ROK Army,
‘Department of Oral & Maxillofacial Surgery, *Oral Science Research Center, and
‘General Dentistry, College of Dentistry, Yonsei University

Purpose: The goal of this study was to develop atechnique for creating a computerized composite maxillofacial-dental model, based on point-based
surface best fit algorithm and to test its accuracy. The computerized composite maxill of acial-dental model was made by the three dimensional combi-
nation of a3-dimensiona (3D) computed tomography (CT) bone model with digital dental model.

Materials and Methods. This integration procedure mainly consists of following steps : 1) a reconstruction of a virtual skull and digital dental
model from CT and laser scanned dental model ; 2) an incorporation of dental model into virtual maxillofacial-dental model by point-based surface
best fit dgorithm; 3) an assessment of the accuracy of incorporation. To test this system, CTs and dental models from 3 volunteers with cranio-max-
illofacial deformities were obtained. And the registration accuracy was determined by the root mean squared distance between the corresponding ref-
erence pointsin a set of 2 images.

Resultsand Conclusions: Fusion error for the maxillofacial 3D CT model with the digital dental model ranged between 0.1 and 0.3 mm with mean
of 0.2 mm. The range of errors were similar to those reported el sewhere with the fiducial markers. So this study confirmed the feasibility and accuracy
of combining digital dental model and 3D CT maxillofacial model. And this technique seemed to be easier for us that its clinical gpplicability can
good in thefield of digital cranio-maxillofacia surgery.

Key words: Computed tomography, Image fusion, Optical 3D imaging, Error, Accuracy
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Fig. 1. A, Profile photograph of one patient involved in this study. B, Oral photograph showing the occlusal relationship. C, The
maxillary dental arch with some restorations by gold and amalgam.
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Fig. 2. A, a 3D reconstructed CT mode from raw CT data of a patient showing in Fig 1.

; B, The reconstructed 3D

craniofacial model by the conversion of DICOM based 2D CT data for the preparation of the fusion with digital dental

model.

Fig. 3. Digital dental models created by a laser scanner. A and C, Maxilla. :
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B and D, Mandible.
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Fig. 4. The first registration step by the point based
fusion between digital dental model (in blue color) and
3D skull model (in gray). Various colored points
(indicated by arrows) were set on the cusp tip or central
groove of each dental and craniofacial models.
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Fig. 5. The second registration step by the surface based
fusion of digital dental model and 3D skull model. The
blue colored teeth image came from the digital dental
model and other remaining gray structure from 3D
craniofacial model. Most of occlusal surfaces of teeth
were colored blue except the right and left first molar
(indicated by arrows), which had big distorted CT
images of metallic artifacts.
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Fig. 6. The composite views of CT based skull dentition with the incorporated dental model. The structures in blue color
were came from dental model and other gray colored were from 3D skull data. A and B. Maxilla. ; C and D. Mandible.

Fig. 7. The final composite images by the fusion process of the digital dental model and 3D skull model. A. Maxilla. :
B. Mandible.
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Fig. 8. An assessment of superimposition accuracy during the fusion of digital dental model and 3D skull model. The color-coded
visualization charts show the amount of differences between 3D skull model and scanned dental model data after the registration

procedure. A. Mx. ; B. Mn.

Table 1. Mean difference between craniofacial and dental models at some reference tooth points.

Toath #16 #13 #11 #21 #23 #26
Difference 0.3 0.1 0.2 0.2 0.1 0.2
Tooth #46 #43 #41 #31 #33 #36
Difference 0.1 0.2 0.2 0.2 0.2 0.1
Mean + SD 02+ 00
(scae; mm, N=36)
cf) #11, 13, 16, 21, 23, 26, 31, 33, 36, 41, 43,46 : F.D.| tooth numbering system
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Fig. 9. An assessment chart of discrepancy for the two
same digital dental model for the evaluation of the
method of error done by the point-based surface best
fit algorithm.
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