
  

 

Abstract—Tooth contour segmentation from dental 

computerized tomography (CT) images is one of the 

fundamental steps in reconstructing the three-dimensional 

models of teeth. However, existing methods depend on the tooth 

shape similarity between adjacent slices, and have difficulty to 

segment these angled teeth whose contour shapes from adjacent 

slices may differ a lot. This study proposes a new method for 

contour segmentation of angled teeth from CT images. The 

volume of interest (VOI) of target tooth and corresponding 

tooth axis are first extracted from volumetric CT images. Local 

images within the VOI of target tooth are then rotated such that 

the tooth axis in the rotated images is perpendicular to the 

transverse section. Tooth contours are finally segmented from 

the rotated images using a hybrid level set model slice-by-slice. 

Experimental results verified that the proposed method was 

effective to segment contours of angled teeth from CT images. 

I. INTRODUCTION 

In computer-aided orthodontic treatment, the complete 
three-dimensional (3D) models of teeth are needed for 
diagnosis, treatment planning, and appliance design. Tooth 
segmentation from computerized tomography (CT) images is 
one of the fundamental steps in constructing the complete 3D 
models of teeth. 

Tooth segmentation from CT images is challenging due to 
the similar intensities between teeth and surrounding alveolar 
bone, the close position of neighboring teeth, and complicated 
topological changes of teeth. In the past decades, a few tooth 
segmentation methods have been developed. These methods 
can be classified into two classes: 3D segmentation and 
two-dimensional (2D) slice-by-slice segmentation. The 3D 
segmentation methods directly segment the 3D tooth volume 
from volumetric images. 3D region growing [1], 3D region 
based level set model [2] [3], and graph cut algorithms [4] [5] 
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have been used to interactively segment 3D tooth volume. 
Generally, direct 3D segmentation methods need to create the 
initial 3D volumes of teeth. In the 3D space, it is difficult to 
initialize a suitable tooth volume for accurate segmentation. 
Recently, Barone et al. [6] proposed to model 3D tooth 
through B-spline representation from a set of two-dimensional 
(2D) contours extracted from projected images. The 2D 
slice-by-slice segmentation methods segment tooth contours 
in each 2D slice. This kind of methods generally employed the 
similarity of tooth shapes between adjacent slices to 
automatically initialize the tooth region, and the user only 
needs to manually initialize a starting slice. Heo and Chae [7] 
and Wu et al. [8] used the B-spline snakes with genetic 
algorithm to extract tooth contours. The B-spline snakes used 
in their methods cannot address the topological change of 
molar contours. The level set method has been broadly used 
for the 2D tooth segmentation due to its advantages in dealing 
with topological change and contour propagation [9-12]. 
Some of the above 2D slice-by-slice segmentation methods 
have obtained promising performance. However, all these 
methods depended on the tooth shape similarity between 
adjacent slices. For these angled teeth, tooth shapes from 
adjacent slices may differ a lot, and the 2D slice-by-slice 
methods would fail to segment tooth contours.  

In this study, a new method for contour segmentation of 
angled teeth is developed. In this method, volume of interest 
(VOI) of target tooth and the corresponding 3D tooth axis is 
first estimated from volumetric CT images. Then, local 
images within the VOI of target tooth are rotated such that the 
3D tooth axis in the rotated images is perpendicular to the 
transverse section. Tooth contours are finally segmented from 
the rotated images using a hybrid level set model [12] 
slice-by-slice.  

II. METHODS 

A. Overview 

The framework of the proposed angled tooth contour 
segmentation method is shown in Fig. 1. In the volumetric CT 
images, VOI of target tooth is first extracted by two surfaces, 
and the corresponding tooth axis is estimated. Then, the local 
images within the VOI of the target tooth are rotated in 3D 
space such that the 3D tooth axis in the rotated images is 
perpendicular to the transverse section. Finally, tooth contours 
are segmented from the rotated images slice-by-slice using a 
hybrid level set model.  

B. Tooth VOI Extraction 

To extract the VOI of target tooth, 2D panoramic 
radiograph is first synthetized from the volumetric CT images. 
The synthetized panoramic radiograph is preprocessed, and 
separation curve of upper and low jaw and separation curves 
of neighboring teeth are then extracted. Mapping the 
separation curve of neighboring teeth extracted from the 
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Figure 1. Overview of the tooth contour segmentation method.  

panoramic radiograph into the 3D space of the volumetric CT 
images, a 3D surface separating neighboring teeth volume is 
obtained, and the VOI of target tooth can be extracted based 
on the separation surface  

In the procedure of panoramic radiograph synthetizing, 
dental arch is first fitted using maximum intensity projection 
and B-spline fitting. The panoramic radiograph is then 
generated by projecting the volumetric CT images along the 
perpendicular direction of dental arch. More details can be 
found in Ref. [13-15]. The panoramic radiograph is 
preprocessed using image enhancement, adaptive local 
threshold segmentation, and morphological thinning. 
Separation curve of upper and low jaw and separation curve of 
neighboring teeth are extracted from the preprocessed 
panoramic radiograph based on local minimum intensity 
projection and B-spline fitting [16]. 

C. Tooth Axis Estimation 

In this study, tooth axis means a 3D line passing through 
the centers of both tooth crown and root, and is estimated from 
volumetric CT images without tooth volume segmentation 
using the method developed previously [17]. The procedure of 
3D tooth axis estimation is summarized as follows. (1) The 
volumetric CT images are first projected to two surface/plane 
to obtain two 2D projection images for each tooth. (2) 
Contours of target tooth are segmented from the two 
projection images, and two corresponding 2D axes of target 
tooth are estimated from the segmented contours respectively 
using principal component analysis and modified symmetry 
axis extraction algorithm. (3) A 3D tooth axis is finally 
obtained by combing the two 2D axes. In the method, the first 
projection image is the panoramic radiograph synthetized 
using the method described in previous subsection, and the 
second projection image is generated by projecting the VOI of 
the target tooth along the perpendicular direction of the 2D 
tooth axis estimated from the panoramic radiograph. More 
details of the tooth axis estimation can be found in Ref. [17]. 

D. Tooth VOI Rotation 

In this study, the aim of image rotation was to make the 3D 
tooth axis in the rotated images being perpendicular to the 

transverse section such that the tooth shapes from two adjacent 
slices keep high similarity. 

In the implementation, the rotation of the local images 
within the VOI of target tooth was completed through two 
steps. In the first step, the images were rotated such that the 2D 
tooth axis from the first projection image was vertical. Then, 
the images were re-rotated such that the 2D tooth axis from the 
second projection was also vertical.  

Assuming that: (1) the angle between the first 2D tooth 
axis and vertical direction was θ1, (2) the angle between the 
second 2D tooth axis and the vertical direction was θ2, and (3) 
the angle between the normal direction of the dental arch and 
the frontal axis was α, the rotation vector n1 of the first 3D 
image rotation was 

 1 [sin ,cos ,0]n    

and the corresponding rotation angle was θ1. The rotation 
vector n2 of the second 3D image rotation was 

 2 [cos ,sin ,0]n    

and the corresponding rotation angle was θ2. 

E. Tooth Contour Segmentation 

After the local images within the VOI of angled tooth are 
rotated, the tooth shapes from adjacent slices keep high 
similarity. Thus, it is feasible to use previous slice-by-slice 
tooth contour segmentation method to segment angled tooth 
from the rotated images. In this study, the method developed 
in our previous study [12] is applied to segment tooth contours 
from the rotated images slice-by-slice. In the method, a user 
first manually selected a starting slice and picked a seed point 
for each tooth in the selected starting slice, then tooth contours 
were segmented slice-by-slice automatically. The automatic 
segmentation started from the starting slice and propagates 
along crown and root directions for crown and root 
segmentation. A hybrid level set model was applied to 
segment tooth contours from each slice, and a tooth contour 
propagation strategy which used segmented tooth contour of 
previous slice as tooth prior of current slice was employed to 
initialize the level set curve automatically. 
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Let 𝜙 be a 2D level set function, Ω∈ℜ2 be the image 

plane, I: Ω→ℜ be the given gray image to be segmented, and 
Ω1 (𝜙≥0) and Ω2 (𝜙<0) be the foreground and background 
region, respectively, the hybrid level set model is defined as 
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where ω∊(0, 1), 𝛽, and 𝜇 are positive constants. The first term 
represents the global intensity energy, where p(I(X)|Ωi) (i=1, 2) 
denotes the conditional probability of the intensity value I(X) 

(X∈ℜ2), and Hε is the normalized Heaviside function [18]. 

The second term represents the local intensity energy, where 
Kσ is a Gaussian Kernel with a scale parameter σ, f1(X) and f2(X) 

are the local mean intensities in Ω1 and Ω2, respectively, σ1 and 
σ2 are the corresponding standard variances, M1(𝜙)=H𝜀(𝜙), 
and M2(𝜙)=1-H𝜀(𝜙). The third term represents the shape 
constraint energy, where ϕ0 is the signed distance function 
which embeds the prior tooth shape. The last term represents 
the edge detection energy, and g is the edge indicator with 
gradient direction detection.  

The minimization of (3) can be achieved by an explicit 
iteration from the following gradient descent flows 

 

 
 

 
 

2

2
1,2

1

0

2

( ) ( )
( ) 1 ( ) log ( )

2 ( )

|
1 log 2 ( ) ( )

|

i i

i

i i

I y f x
K x y x dy

t x

p I
H H div g

p I

 

 


   




    






  
         

   
               

 


where t>0 is the artificial iterative time and is fixed to be 1.0 
empirically, and div(•) denotes the divergence operator.

 

III. EXPERIMENTS 

This study was reviewed and approved by Institutional 
Review Board of Shenzhen Institutes of Advanced 
Technology, Chinese Academy of Sciences. Written informed 
consents of the subjects were obtained. Cone beam CT (CBCT) 
images scanned by a CT scanner (NewTom VG, Italy) with 
120 kV, 5 mA, a matrix of 624×624, a spatial voxel size of 
0.25 mm, and the time of exposure of 6 s were used to test the 
proposed method.  

Fig. 2 shows the qualitative segmentation result 
comparison of an angled molar using the hybrid level set 
model directly and using the proposed method. The results in 
Fig. 2 (a) shows that the hybrid level set model failed to 
segment the tooth root due to the dissimilarity of tooth shapes 
between adjacent slices. While in Fig. 2 (b), the CT images 
were first rotated in 3D space such that the tooth axis in the 
rotated images is perpendicular to the transverse section, and 
the hybrid level set model successfully extract the tooth 
contours from the rotated images. The comparison results 
indicate that the previous method [12] is infeasible to segment 
the angled tooth contours, while the proposed method is 
effective to segment these angle teeth. 

 

Figure 2. Segmentation result comparison of an angled molar using the 

hybrid level set model directly and using the proposed method. (a) 

segmentation results using the hybrid level set model, (b) rotated images and 
segmentation results using the proposed method. 

IV. CONCLUSIONS 

Complete 3D models of individual tooth are needed for 
computer-aided orthodontic treatment. Tooth contour 
segmentation from dental CT images is one of the 
fundamental steps in reconstructing the 3D models. However, 
existing methods are infeasible to segment these angled teeth 
due to the low similarity of tooth shapes between adjacent 
slices. This study developed a new method for the contour 
segmentation of angled teeth. In the method, VOI of target 
tooth and the corresponding 3D tooth axes were first extracted 
from volumetric CT images. For each target tooth, the local 
images within the VOI were then rotated such that the tooth 
axis in the rotated images was perpendicular to the transverse 
section. Tooth contours were finally segmented from the 
rotated images using a hybrid level set model. Experimental 
results verified that the proposed method was effective to 
segment contours of angled teeth from CT images. 
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