
Molar Axis Estimation from Computed Tomography Images

Dongxia Zhang, Yangzhou Gan, Zeyang Xia*, Xinwen Zhou, Shoubin Liu, Jing Xiong, and Guanglin Li

Abstract— Estimation of tooth axis is needed for some clinical
dental treatment. Existing methods require to segment the tooth
volume from Computed Tomography (CT) images, and then
estimate the axis from the tooth volume. However, they may fail
during estimating molar axis due to that the tooth segmentation
from CT images is challenging and current segmentation
methods may get poor segmentation results especially for these
molars with angle which will result in the failure of axis
estimation. To resolve this problem, this paper proposes a new
method for molar axis estimation from CT images. The key
innovation point is that: instead of estimating the 3D axis of
each molar from the segmented volume, the method estimates
the 3D axis from two projection images. The method includes
three steps. (1) The 3D images of each molar are projected to
two 2D image planes. (2) The molar contour are segmented
and the contour’s 2D axis are extracted in each 2D projection
image. Principal Component Analysis (PCA) and a modified
symmetry axis detection algorithm are employed to extract the
2D axis from the segmented molar contour. (3) A 3D molar axis
is obtained by combining the two 2D axes. Experimental results
verified that the proposed method was effective to estimate the
axis of molar from CT images.

I. INTRODUCTION

In dental implants, dentists need to know the axes of
neighboring teeth for the determination of allocation and
depth of dental implants [1] [2]. Additionally, in orthodontic
treatment planning, tooth axis plays an important reference
factor in planning the position of the brackets [3]. Hence,
it is necessary to estimate tooth axis to aid clinical dental
implants and orthodontic treatment.

In clinics, tooth axis is generally determined manually
by dentists which is objective and tedious. Only a few
methods have been developed for the automatic estimation
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of tooth axis from computed tomography (CT) image. All
these methods [4] [5] first segmented the tooth volume from
the CT images, and then used principal component analysis
(PCA) to estimate tooth axis from the volume.

For the tooth with single-root, it is feasible to estimate
the axes from the corresponding dental pulp [5] as the
dental pulp has the similar shape with the tooth and is
easy to be segmented from surrounding hard tissue of tooth.
However, for the molars which have multiple-root, the axes
cannot been extracted from the corresponding dental pulp
due to that molars often have two or three pulp cavities and
some pulp cavities are too small and narrow to be correctly
segmented, and the axis estimation is much dependent on
the tooth segmentation accuracy. Currently, the state of the
art tooth segmentation methods [6-8] segment tooth volume
from CT images mainly using the slice-by-slice segmentation
strategy based on the tooth shape coherence between adjacent
slices. They have difficulty in accurately segmenting these
angled molars especially the third molars as the tooth shape
coherence between adjacent slices of the angled molar is low.
In addition, the calculated axes by PCA may be inaccurate
as the result of PCA is essentially the major axis and may
not be the exact axis of molar.

This study proposes a new method to estimate molar axis
from CT images. Instead of estimating axis from the 3D
volume of molar, the method projects the 3D images of
each molar into two 2D planes, and then segments the molar
contour and extracts the 2D axis from the contour in each
2D projection image. Finally, the 3D tooth axis is obtained
from the two extracted 2D axes. In the extraction of each
2D axis, PCA is first applied to estimate a rough axis, then
the rough axis is refined applying a modified symmetry axis
extraction algorithm.

II. METHODS

The flowchart of molar axis estimation is shown in Fig. 1.
The 3D stack of CT images is first projected to two planes
to obtain two 2D projection images for each molar. Then,
molar contours are segmented from the two 2D projection
images, and 2D axes are extracted from the segmented molar
contours. Finally, 3D axis of each molar is obtained by com-
bining the corresponding two 2D axes. In our methods, the
first 2D projection image corresponds to the 2D panoramic
radiograph including all the teeth which is synthetized by
projecting the CT images along the perpendicular direction
of dental arch (in buccal-lingual direction). The second 2D
projection image is obtained by projecting the CT images’
local region which belongs to the molar along the perpendic-
ular direction of the 2D axis extracted from 2D panoramic
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Fig. 1. The flowchart of molar axis estimation.

radiograph.

A. Synthetizing 2D Panoramic Radiograph

The 2D panoramic radiograph is synthetized by projecting
the CT images along the perpendicular direction of dental
arch [9-11]. First, the dental arch is determined using the
following method: calculating the Maximum Intensity Pro-
jection (MIP) of mandible CT images, extracting the largest
connected component of MIP image and using morpholog-
ical thinning [12] on the extracted largest connected com-
ponent and then, B-spline fitting is applied to the thinning
results to generate dental arch. To obtain the panoramic
radiograph, only the voxels within the largest connected
component region of MIP images are projected. The intensity
of each pixel in the projection image is calculated using
Discrete Radon Transform (DRT) method [13].

B. Synthetizing the Second 2D Projection Image

Given the 2D region (the red curve in Fig. 2) and the
axis of molar (the green line in Fig. 2) extracted from the
2D panoramic radiograph, the local projection region for
the molar corresponds to the inner region between the two
blue lines which parallel the green axis and represent the
left-most and right-most sides of molar contour, and the
projection direction of the second 2D projection image is
perpendicular to the axis. The 2D molar region segmentation
and 2D projection axis extraction from the 2D panoramic
radiograph is illustrated in the following subsections.

Fig. 2. The determination of the second 2D projection
image’s projection region and projection direction.

C. Tooth Contour Segmentation from 2D Projection Images

Molar regions are segmented from the 2D panoramic
radiograph and local projection images (i.e., the second 2D
projection image) combining the contour extracting method
proposed in [14] and the region growing algorithm [15].
Region growing method where we consider the intensity,
the gradient and the total number of the pixels is applied
to the inner region of the extracted contour using [14] to
finally determine the molar contour. The process of extracting
contour using the method in [14] is as following: first, the
upper and lower teeth are separated via a smooth curve ob-
tained by fitting the gap valleys between the upper and lower
jaw bones. Then molars are isolated from their neighbors
using the same method as upper and lower tooth separation.
A radial scan from the molar crown center is performed
and the pixels with the maximum value of the probability
density function along the radial line are determined to be
the contour points. The left-most and right-most sides of
corresponding crown’s contour are used to produce the two
first points for root contour and root contour is extracted
by maximizing the intensity difference between specially
designed “inner intensity” and “outer intensity” parameters in
[14]. Then, crown contour and its root contour are connected
together forming molar’s whole contour where the region
growing method which includes some manual intervention
to select some seed pixels is applied. The boundary of region
growing result is the final segmented molar contour.

D. Calculation of 2D Projection Axis using PCA and Mod-
ified Symmetry Axis Extraction Algorithm

To extract 2D axes of segmented molar contours, PCA [16]
is first used to roughly estimate the axes and then a modified
symmetry axis extraction algorithm is used to refine it.

Just as Fig. 3 (a) shows, the method in [17] extracts human
facial symmetry axis based on comparing the gray level
difference of each pair of pixels, i.e., gray level difference
histogram analysis method (GLDH). In [17], the angle be-
tween the green line connecting the two pixels in the same
comparing pair and the axis being detected is surely 90◦,
i.e., it is a reliable orthogonal axis extraction algorithm.
Given the geometric feature of the molar contour on the
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projection images, we modify the orthogonal symmetry axes
extraction method in [17] to skew symmetry axes extraction
algorithm, i.e., the angle between the connecting lines of the
two compared pixels and the axis being detected is not surely
90◦ just as Fig. 3 (b) shows and the range of the sharp angle
is [60◦, 90◦] determined by us. In Fig. 3 (b), the two pixels
are bisected by the cross point of the blue and the green
lines, where the blue connecting lines are parallel to each
other.

Fig. 3. Modified symmetry axis.

The process of estimating 2D axes is as following: firstly,
PCA is used to roughly estimate the molar axis on segmented
molar region. Then, at the range of [−30◦, 30◦] around the
PCA axis, we search the 2D axis using modified symmetry
axis extraction algorithm.

The 2D axes extracted from the 2D panoramic radiograph
and local projection images are shown in Fig. 4.

Fig. 4. 2D axes extracted from 2D panoramic radiograph and
local projection images.

E. Synthetizing the 3D Axis from Two 2D Axes by Coordinate
Transformation

We establish local coordinate system for each molar. The
z′ axis parallels the z axis of the world coordinate system;
y′ is the tangent direction of dental arch; original point
o′ is located at the 3D spatial position of the mass center
of segmented tooth region from 2D panoramic radiograph.
Just as Fig. 5 (a) shows, the blue plane and the red plane
individually represent the y′o′z′ plane and the z′o′x′ plane
of the local coordinate system. Based on such establishment
of each local coordinate system, the first 2D projection of

each molar is just the projection result on the blue y′o′z′

plane.
Just as Fig. 5 (b) shows, the purple plane represents the

second 2D projection plane where the green “axis 1” and
“axis 2” locate on. The green “axis 2” (i.e., the 2D projection
axis on the second projection image) in 3D space is just the
real axis. By homogenous transformation, the real 3D axis
can be transformed from the local coordinate system to the
world coordinate system.

Fig. 5. The 3D axis in local coordinate system.
III. EXPERIMENTAL RESULTS AND DISCUSSION

This study was reviewed and approved by Institutional Re-
view Board of Shenzhen Institutes of Advanced Technology,
Chinese Academy of Sciences. Written informed consents of
the subjects were obtained.

A. Dataset

Cone beam CT (CBCT) images of ten subjects were used
to validate the proposed method. These tested images were
acquired 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. “Reference axes”
manually determined by dentists were regarded as the gold
standard and compared with the results of the algorithm. The
angle and distance between the “reference axes” and axes
estimated by the algorithm were evaluated to quantitatively
estimate the accuracy of the method.

B. Molar Axis Estimation Results

The results of molar axis estimated using the proposed
method are shown in Fig. 6. The results indicate that the
estimated axes using the proposed method is similar with
the “reference axes” (the red axes in Fig. 6) in vision. The
quantitative accuracy of axis estimation for the three types
of molars are presented in Table I.

C. Discussion

Compared to existing molar axis estimation methods,
the proposed method mainly has two advantages. The first
one refers to the tooth segmentation. Existing molar axis
estimation methods [4] [5] need to first segment the volume
of molars from the CT images. The molar segmentation from
CT images is a challenging work due to the similar inten-
sity between the tooth and alveolar bone and the complex
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Fig. 6. The 3D molar axes obtained by our method.

topological changes of different root branches. Currently, the
state of the art tooth segmentation methods [6-8] segment
tooth volume from CT images mainly using the slice-by-slice
segmentation strategy based on the tooth shape coherence
between adjacent slices. To segment these angled molars
especially the third molars in which tooth shape coherence
between adjacent slices of the angled tooth is low, these
methods will get poor results which will result in the failure
of molar axis estimation. Instead of estimating the axis from
the segmented molar volume, this study proposes to generate
the 3D axis of each molar by combining two 2D axes
extracted from two 2D projection images. Thus, the proposed
method only needs to segment tooth contour in two projected
images for each molar. The projected images generally have
clearer tooth boundary than the original CT images [14], and
the tooth contour is more implementable to be segmented in
the projected images.

TABLE I. THE AVERAGE ANGLE AND DISTANCE DIF-
FERENCE

Molars Angle(◦) Distance (mm)

First molars 2.15 ± 0.96 1.08 ± 0.59
Second molars 2.31 ± 0.91 1.37 ± 0.67
Third molars 2.23 ± 0.87 1.17 ± 0.55

The second advantage of the proposed method is the
axis estimation scheme from the segmented tooth region.
Existing methods [4] [5] directly used the PCA to estimate
the tooth axis from the segmented volume. However, the axis
estimated by PCA is indeed the major axis which often does
not correspond to the exact tooth axis. To address this issue,
this study proposes to first estimate an axis using PCA, then
refine the axis applying a modified symmetry axis extraction
algorithm.

In this study, the 3D axis of each molar is obtained
by combining two 2D axes extracted from two projection
images. It is feasible to project the CT images to more image
planes and extract the corresponding 2D axes from these
2D projection images, and a more accurate 3D axis can be
obtained by combining the multiple 2D axes.

IV. CONCLUSION

This study proposes a new molar axis estimation method
from CT images. Instead of estimating the 3D axis of each
molar from the segmented 3D molar volume, the method ob-
tains the axis from two projection images. It first projects the

3D images of each molar to two 2D image planes, and then
segments the molar contour in each 2D projection image.
PCA and a modified symmetry axis extraction algorithm are
employed to extract the 2D axis from the segmented molar
contour. Finally, a 3D tooth axis is obtained from the two
extracted 2D axes. Experimental results validated that the
proposed method can estimate satisfying molar axis from
CT images.
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