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ABSTRACT Objective; To evaluate the feasibility of integrating 3D photos and cone-beam computed
tomography (CBCT) images and to assess the degree of error that may occur during the above process, and
to analyze soft and hard tissue changes after orthognathic surgery using this new method. Methods: Ten
patients with maxillofacial deformities were chosen. For each patient, CBCT scans and stereophotographic
images were taken before and 3 months after surgery. 3D photos were superimposed onto the CBCT skin im-
ages using relatively immobile areas of the face as a reference. 3D color maps and mean distances were
used to evaluate the errors that might occur during the process. Two reference planes were set up using cer-
tain points. The distances between Prn (pronasale) ,Sn (subnasale) ,Ls (labrale superior) ,ANS (anterior
nasal spine) ,A (subspinale) ,UIE (upper incisor edge) to the coronal plane were calculated before and af-
ter surgery. In order to verify the repeatability of this method, we examined the distances twice at two-week
intervals. Paired ¢ test was used to evaluate the reproducibility. Results; CBCT and 3D photos could be
successfully fused with clinically acceptable errors. This new method could be used to evaluate soft and
hard tissue changes after orthognathic surgery. The 3D color maps showed that the two images could be
fused with minimal errors. The mean distances were within 0. 3 mm, and the locations of landmarks on
maxilla and mandible such as Ls, ANS, A, UIE changed significantly after orthognathic surgery (P <0.05).
Landmarks on the nose such as Prn,Sn had little changes after surgery (P >0.1). The paired ¢ test showed
that the mean value and standard deviation were (0.08 £0.98) mm. Conclusion: Fusing of CBCT and 3D
stereophotographic images used as a new method in evaluating soft and hard tissue changes after orthognathic
surgery was feasible and accurate. The virtual 3D composite craniofacial models permitted concurrent assess-
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ment of hard and soft tissues during diagnosis and treatment planning. Maxillary and mandibular locations had
significant association with orthoganthic surgery while the nasal tissue was not simp affected by surgery.
KEY WORDS Cone-beam computed tomography ; Stereophotogrammetry; Orthognathic surgery; Soft and

hard tissue changes
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Figure 1  Protocol for image acquisition and generation of 3D models

A

A, CBCT soft tissue; B, 3 dMD.
B2 CBCT #414UF =4 Hifg
Figure 2 CBCT soft tissue and 3dMD

A, pre-surgery; B, post-surgery.
B3 ARFTHAG =2k A
Figure 3 3D virtual models
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A, pre-surgery hard tissue; B, post-surgery hard tissue; C, registration ;
red, pre-surgery; green, post-surgery.

B4 AREIAJE CBCT 4 HLE
Figure 4 Registration of CBCT hard tissues before and after surgery
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Table 1 Identification of soft and hard tissue landmarks

Landmarks Identification

Po Porion

Or Infraorbital point
ANS Anterior nasal spine

A Subspinale
UIE Upper incisor edge
Prn Pronasale

Sn Subnasale

Ls Labrale superior
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A, hard tissue; B, soft tissue; FH plane, frankfort horizontal plane; Po, porion; MOr, infraorbital plane.
BS5 S5 VN

Figure 5 Planes for cephalometric analysis

(FH plare |

Coronal plane

A, hard tissue; B, soft tissue; FH plane, frankfort horizontal plane; Po, porion; MOr, infraorbital plane.
(ST A AP o N IR LA R

Figure 6 Changes of hard and soft tissue landmarks
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7 CBCT $AZS = 4Emifg & 22 04 CEVEIAT)
Figure 7 Variance analysis between CBCT soft tissue and 3dMD

8 RHIARJE CBCT 21 2 it i 22 43

Figure 8 Variance analysis between CBCT hard tissues
before and after surgery
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Table 3 position changes of soft and hard tissue landmarks

Landmarks Xk 95% confidence interval P value

Prn 0.04 +0.66 (-0.43,0.51) 0.84

Sn -0.01+1.18 (-0.85,0.83) 0.98
Ls 2.50 +£1.50 (1.43,3.58) <0.001
ANS 4.23 £1.69 (3.02,5.43) <0.001
A 3.42 +0.87 (2.80, 4,05) <0.001
UIE 4.03£0.74 (3.50, 4.55) <0.001
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