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A REVIEW OF THE METHODS OF TOOTH AXIS CALCULATION 
BASED ON CBCT

ABSTRACT

The long axis of a tooth is defined as the geometric axis that passes longitudinally through the tooth and through the center of the tooth, which is one of the most 
important reference elements for dental analysis and treatment. In the preoperative planning of dental implants, doctors usually examine the axes of adjacent teeth and 
occlusal axes of missing teeth. When orthognathic surgery is used to treat dental deformities, it is necessary to consider the intersection angle of upper and lower 
occlusal axes, so as to improve the performance and aesthetics of the masticatory system. However, the traditional method of determining the long axis of teeth 
depends too much on the experience of doctors, and its efficiency is inefficient and its accuracy is not guaranteed, which often affects the effect of dental treatment. 
Digital determination of dental long axis technology provides great possibility and convenience to improve the safety of treatment and accelerate postoperative 
recovery. With the popularity of cone beam computed tomography (CBCT), we can accurately calculate the long axis of teeth through the three-dimensional display of 
teeth and periodontal tissue. In this paper, the key technologies of tooth long axis calculation are introduced in detail.
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1. INTRODUCTION:
In medical image analysis, it is very important that organs or tissues can be 
clearly displayed, which is helpful for diagnosis and treatment. The popularity of 
cone beam computed tomography (CBCT) provides convenience for dental diag-

[1]nosis and analysis . CBCT three-dimensional images can provide more infor-
mation about oral structure, making it possible to better understand and visualize 
data. Three-dimensional reconstruction of medical images is an important appli-
cation field of scientific visualization technology, and it is the current research 
focus of medical image processing. It refers to the technology of using two-
dimensional medical slice images to reconstruct three-dimensional images and 
carry out qualitative and quantitative analysis. Three-dimensional modeling of 
medical images, which is convenient for observation and analysis from multi-
angles and multi-levels, can provide doctors with realistic three-dimensional 
images. In the field of dental orthodontics and implant, doctors are able to carry 
out preoperative planning and surgical simulation, so that doctors can know the 
whole operation process well before the actual operation, and choose the best 

[2]-[3]operation scheme by simulating a variety of operation schemes . This is of 
great significance to improve the success rate of operation and reduce the pain of 
patients.

For better dental treatment based on accurate dental analysis and diagnosis, the 
information of the three-dimensional axis of the tooth and the three-dimensional 
position of the tooth are indispensable. The axis of the tooth, also known as the 
long axis of the tooth, is a geometric axis that runs vertically through the tooth 
and through the center of the tooth, or an imaginary line that passes through the 
center of the tooth. Our teeth are divided into single teeth and multiple teeth. Fig-
ure 1. shows the long axis of single-root teeth and multiple-root teeth respec-
tively. The long axis of teeth plays a very important role in the fields of orthodon-
tics and implantology. In dental implants, doctors usually need to examine the 
axis of adjacent teeth and the occlusal axis of missing teeth before the implanta-
tion program. In addition to implants, the dental axis should also be considered 

[4]-[6]when using the virtual surgery planning system  for dental surgery prepara-
tion. In the treatment of dental deformities, the angle between the upper and 
lower occlusal axes can be considered to improve the performance of the 
masticatory system and the aesthetics of teeth.

The axis of the teeth is not usually vertical because the teeth are not usually verti-
cal in the mouth. Generally speaking, the teeth are slightly tilted on the middle, 
buccal, or lingual sides. Usually, the three-dimensional axis of the tooth can not 
be correctly estimated from the two-dimensional projection image, and the angle 
measurement can not describe the three-dimensional orientation of the tooth axis 
in the three-dimensional space. In other words, the axis of the tooth is a three-
dimensional straight line in three-dimensional space, which is described by a 

[13]three-dimensional vector . In addition, the dentist cannot manually measure 
the orientation of the root because the axis of each tooth is an imaginary line con-
tained inside the tooth, and the root is surrounded by alveolar fossa and soft tis-
sue. So that CT scanning technology provides an imaging method to restore or 
reconstruct the actual three-dimensional model of the tooth and other dental 
bone structure. So far, researchers have shown that measuring the long axis of 
teeth from 3D models reconstructed from 3D CT images is usually reliable.

2. REVIEW OF RELATED STUDIES:
2.1 3D reconstruction of tooth model:
Three-dimensional digital tooth model (Figure 2) is the basis of the computer-
aided diagnosis system, and it is also an important prerequisite for estimating the 
long axis of teeth. It is very challenging to reconstruct each tooth, including the 
root, and to create a 3D model of the whole dentition. However, many methods 
are difficult to construct a three-dimensional digital anatomical model of the 
mandible with high-quality dentition, so that each tooth has crown details and 
complete roots, and distinguish the anatomical areas such as enamel, dentin, 
periodontal ligament and so on. Many researchers use CT data to reconstruct the 
tooth model, and get more accurate results. The following is a detailed introduc-
tion of the relevant literature on the three-dimensional reconstruction of the 
tooth model.
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Figure 1: The long axis of multiple-root teeth and single-root teeth

Figure 2: Three-dimensional reconstruction image of mandibular teeth
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[7]In 2004, Shi et al.  proposed a method, which can realize three-dimensional 
tooth model reconstruction simply and easily. Firstly, the standard data teeth are 
scanned by CT to obtain three-dimensional surface data and accurate internal 
three-dimensional structure data. Then, the inter-sectional images are interpo-
lated. It is divided into three steps: the first step is to separate the corresponding 
regions of different objects in each sectional image, interpolate different objects 
separately, and then combine their interpolation results; the second step is to 
extract the boundary of each region, separate the inner boundary from the outer 
boundary, and subtract the inner boundary region from the inner boundary 
region to get the interpolated image of the object. In the third step, the optimal 
chamfer transform is used to transform the boundary curve image on each fault. 
Finally, the cross-sectional images of all the teeth are stacked and the three-
dimensional structural data are reconstructed using OpenGL. This method has 
the advantages of easy data acquisition, low cost, high modeling accuracy and 
good effect, and the model can provide more visual effects and information.

[8]In 2015, Naumovich SS et al.  used the self-developed software based on water-
shed transform for 3D reconstruction, and propose an algorithm to realize the 
reconstruction in the step-by-step threshold image segmentation in which mark-
ers are placed in the area related to teeth and bone tissue by multi-plane projec-
tion. First, a rough 3D model of the entire dentition and mandible was created. 
The next step is to specify the model of the jaw and cut the dentition into separate 
teeth. Finally, for the CBCT images with low contrast and high noise level, the 
reasonable segmentation threshold is selected to separate the teeth from the jaw 
tissue to complete the reconstruction. In this study, digital imaging and medical 
format computed tomography images obtained on CBCT scanners were used to 
create 3D models of teeth and jaws. Objective to develop a method for three-
dimensional reconstruction of teeth and jaw tissue based on maxillofacial CT 
images and conduct clinical trials. The research results have intuitive interface 
and short processing time, and the obtained 3D models can be used to solve a 
wide range of scientific and clinical tasks.

[9]In 2016, Wu et al.  proposed a 3D tooth reconstruction method based on level 
set active contour model according to the morphological changes and arrange-
ment of teeth in oral CT image sequences. The purpose of this paper is to accu-
rately locate and quantitatively evaluate the computer dental restoration. In this 
paper, different segmentation models are used for different parts of dental slices 
by using interlayer mapping mechanism. The single-phase mixed level set 
model is constructed by combining the prior shape constraint energy, the edge 
gradient energy based on the flux model and the local region energy based on the 
prior gray level to segment the root layer slice contour. The two-phase mixed 
level set model combined with regional competition constraints is used to seg-
ment the canopy slice contours. Finally, these interlayer contours are used to 
reconstruct the tooth 3D model. Compared with the existing methods, this 
method has a better segmentation effect and a higher segmentation accuracy. The 
average similarity index can reach 96%.

[10]In 2017, Li et al.  proposed a tooth modeling method based on crown and root 
features, in order to solve the existing problems, such as three-dimensional scan-
ning technology can only get the three-dimensional data model of the crown, but 
the gingival-wrapped root data can not be collected, and the problems such as the 
modeling takes a long time and the cost is high although the complete tooth data 
model can be obtained by using CT images. Based on the dental measurement 
data, the association rules between crown and root data are established, and the 
3D modeling is carried out according to Cardinal spline interpolation and 
Laplacian mesh deformation algorithm with Tangent weight. Experiments show 
that the method is efficient and feasible by comparing the modeling results with 
the original data.

2.2 Calculation of the long axis of teeth:
[11]In 2010, Xie et al.  used interactive techniques to calculate the axis of a single 

tooth. Firstly, the interested teeth are interactively sliced, and the virtual cutting 
plane is used to reconstruct the 3D CT image. Generate a 2D slice image of the 
teeth. Then the two-dimensional straight line is drawn interactively on the two-
dimensional slice, and the tooth axis is obtained. Due to the interaction of surgi-
cal procedures, this technique largely depends on the clinical and imaging 
knowledge of teeth, as well as the reconstruction of three-dimensional models of 
teeth using three-dimensional CT images. Usually, experienced dentists can use 
this technique to correctly calculate the dental axis from three-dimensional CT 
images, but users who lack the knowledge of anatomy and CT imaging cannot. 
In addition, this technique requires a lot of fine interaction, so it is difficult to 
apply it to multiple-root teeth.

[12]In 2012, Kim et al.  proposed a new method to automatically calculate a single 
tooth shaft. The plane of separating a single tooth is automatically calculated by 
using the cost profile analysis along the central arch of the tooth. In the calcula-
tion, a new plane cost function considering strength and gradient is proposed, 
which is beneficial to the tooth surface passing through the backlash and sup-
presses the inappropriate tooth surface that may be detected to pass through the 
soft tissue. Then, the soft pulp and dentin of each separated tooth are segmented 
by two newly proposed velocity functions. Finally, the principal component anal-
ysis method is used to calculate the axial direction of each tooth. This method 
solves the problem that it is difficult to automatically identify the axial direction 
of teeth in dental CT images because of the high connectivity of adjacent teeth 

and jawbone. It can accurately identify each dental axis and provide effective 
help for dentists in dental implant and orthognathic surgery.

[13]In 2015, Wang et al.  proposed a new method to calculate the three-
dimensional dental axis from the existing three-dimensional CT images of single 
or multiple teeth and to estimate the three-dimensional dental axis from the 
three-dimensional CT images of missing teeth. The researchers determined the 
tooth axis of a single tooth by segmenting the pulp cavity and calculating the 
main direction of the pulp cavity, and modeled the tooth axis estimation of the 
missing tooth as the problem of quaternion interpolation along the three-
dimensional curve. The orientation of dental axis is an important quantitative 
information in dental diagnosis and operation planning. However, their calcula-
tion is a complex problem, and the existing methods have their own limitations. 
This method cannot only avoid the difficulty of tooth segmentation, but also 
improve the limitations of existing methods. The effectiveness and practicability 
of this method are verified by the experimental results of different clinical three-
dimensional CT images.

The existing methods to calculate the long axis of teeth need to segment the teeth 
from the CT image, and then estimate the axial direction of the teeth. However, 
due to the challenge of tooth segmentation in CT images, the existing segmenta-
tion methods are not effective, especially for angled molars, which may lead to 
the failure of axis estimation. In 2016, in order to solve this problem, Zhang et al. 
[14] proposed a molar axis estimation method based on CT image. This method no 
longer extracts the three-dimensional axis of each molar from the segmented vol-
ume, but extracts the three-dimensional axis of each molar from two projection 
images. First, the three-dimensional image of each molar is projected onto two 
two-dimensional image planes, and then the molar contour is segmented in each 
two-dimensional projection image. The principal component analysis and the 
improved symmetry axis detection algorithm are used to extract the two-
dimensional axis from the segmented molar contour. Finally, the three-
dimensional molar axis is obtained by combining two two-dimensional axes.

At present, restoration-driven surgery is widely used in implant surgery, and the 
long axis of teeth is very important in implant surgery, which greatly affects the 

[15]effect of postoperative restoration. In 2017, Li et al.  aimed to provide a simple 
and effective method for automatically locating surgical guide holes, and we can 
also regard it as a disguised problem of determining the long axis of teeth, so as to 
reduce the experience of operators. improve the design efficiency and quality of 
surgical guide holes. First of all, the local coordinate system of each target tooth 
is geometrically constructed in the CAD system, which can well represent the 
anatomical characteristics of the teeth. Then, in this coordinate system, the cen-
tral axis of the target tooth (coincident with the corresponding guide hole axis) 
can be quickly calculated to complete the positioning of the guide hole. Finally, 
by comparing the manual operation method of skilled doctors and the automatic 
operation method of Simplant, and analyzing the stress distribution during mas-
tication and occlusion, it is determined that the stress distribution of this method 
is obviously better than that of manual operation and slightly better than that of 
simulated operation, which can significantly reduce the risk of cervical marginal 
collapse and prolong the service life of the restoration.

[16]In 2019, Kazuto Terada et al.  determined the long axis of multiple molars by 
ordinary least square regression and compared it with the long axis determined 
by principal component analysis. First of all, they used CBCT for three-
dimensional imaging of the experimental skull, and the three-dimensional image 
visualization system was used to extract the data of maxillary first molar and 
mandibular first molar from CBCT data. Then, the obtained data is reconstructed 
and the three-dimensional coordinate values are extracted. Finally, the long axis 
is estimated by the ordinary least square regression algorithm. Comparing the 
molar axis defined in this study with the molar axis defined by principal compo-
nent analysis, the long axis of molars estimated by the two methods are basically 
the same, and their accuracy is of great significance for clinical application.

3. CONCLUSIONS AND DISCUSSION:
Dentists face more and more challenges in clinical diagnosis and treatment. Den-
tal axes are valuable information used in dental diagnosis and surgical planning, 
and its calculation is an important problem. Effective calculation methods are 
related to the success of diagnosis or treatment. However, the current technology 
faces many problems, for example, calculating the axial direction of teeth by CT 
sometimes requires manual interaction, which is very user unfriendly to inexpe-
rienced doctors and the tedious interaction makes the accuracy not guaranteed; 
When the axial estimation is carried out by segmentation, the segmentation is not 
accurate because of the high connectivity between tissues, resulting in the distor-
tion of tooth axis calculation and so on. This paper reviews the literature related 
to dental axis calculation in recent years. Researchers have solved most of the 
problems, but there are still many problems to be solved. Tooth segmentation is a 
very challenging research area, we should consider how to avoid tooth segmen-
tation and accurately calculate the tooth long axis in the future, and how to calcu-
late the tooth long axis by a higher automated method. We hope we can improve 
the method of tooth axis computation in the future to save more time of dentists 
and to improve the efficiency of dental diagnosis and treatment.
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