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Abstract— A new age assessment technique based on proposed geometric mean transform by using

dental X-Ray Imagery analysis has been proposed in this study. Topology segmentation and content-based

shape analysis by using image transforms have been proposed to extract the feature vectors of dental im-

agery. Then, the accumulated feature vectors have been classi􀅫ied to age classes by using Arti􀅫icial Neural

Networks (ANN). The proposed technique has been evaluated in the standard images sourced from faculty

of dentistry, USIM, Malaysia. The evaluation results indicate the robustness of the technique to different

types of dental images available in the dataset.

© 2017 The Author(s). Published by TAF Publishing.

I. INTRODUCTION

In forensic medicine, dental age plays an important

role to assist in estimating the chronological age (CA) of a

child. Chronological age is typically de􀅫ined as an age calcu-

lated based on birth date. Estimation of child’s age is crucial

when the CA is missing or unrecorded. In [1] they reported

only half of children in developingworld register their birth.

This gives us signi􀅫icant sign that age estimation is vital es-

pecially when involving forensic investigation and judicial

proceeding. In addition, age estimation is also important for

clinical dentistry to diagnose and plan for treatment as well

as in other areas of dentistry [2] and [17]. Several biological

ages have been developed: skeletal age, morphological age,

secondary sex character age and dental age. These criteria

can be applied separately or together to assess the degree

of physiological maturity of growing child [3]. Dental age

based on tooth development stages was 􀅫irst introduced by

[3] and is considered the most simple and reliable method

as it has the highest value for both intra- and inter- observer

agreement [4].

Demirjian and his colleagues introduce a system of

age estimation based on tooth development stages. They

classi􀅫ied teeth development in eight stages which are

marked fromA-H and 0 stage for no appearance. Their clas-

si􀅫ication also separates between boys and girls. Each stage

is given a rating and then these ratings are summed-up to

a 􀅫inal score called maturity score. They provide a table

which is used to translate the maturity score into age. Au-

tomated system is very crucial in aiding the experts in iden-

tifying CA of a patient based on dental features. With auto-

mated system, it may reduce time and error compared to

naked eyes’ observation. The source of teeth data comes

from X-ray dental 􀅫ilm. The X-ray is a cheap and very use-

ful tool for dentist diagnosis. It has a low level of radiation,

is comfortable and very quick for the patient to have taken.

However, X-ray images suffer degradation from low resolu-
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tion which contributes to the existence of noise in the im-

ages. One of the essential steps to process dental X-ray im-

ages is to distinguish between Region of Interest (ROI) and

the background. This task can be carried out through im-

age segmentation. Therefore, image segmentation of X-ray

images faced big challenges due to the poor quality of X-ray

images.

The main task in image segmentation is to divide an

image into its constitute regions or objects. Segmentation

is recognition and labeling of distinct tooth in the X-ray im-

age. Object obtained from the image characterizes ROI con-

taining signi􀅫icant information considered for later process.

ROI can be de􀅫ining as an amount of image that emphasis on

single object. In most of the segmentation algorithms, the

segmentation is done either by extracting region-based fea-

tures that can identify different objects and regions, or by

applying a model and trying to adjust its parameters to 􀅫it

the processed objects or regions.

Basically, segmentation of dental X-ray images may

be classi􀅫ied into three basic techniques; pixel-based

segmentation, region-based segmentation and boundary-

based segmentation which are introduced by [5]. While

some other literature gives further category of segmen-

tation generalizing on X-ray image segmentation such as

wavelet-basedpattern recognition-based, deformablemod-

els, wavelets-based methods, and atlas-based techniques

given by [6].

The simplestmethod and typically used in image seg-

mentation is by using thresholding method and a popular

threshold method was invented by [7]. Pixels in grayscale

image are separated into two classes; either the pixels are

below the threshold value or above threshold value. This

technique can be extended to multiple threshold values to

suit more types of images such as multi-color images. Otsu

technique is utilized to eliminate background from a pic-

ture. However, selecting a threshold value is challenging

and it will determine whether an image is over segment or

otherwise.

II. RELATED LITERATURE

In dental X-ray image segmentation, [5] use the level

set method for doing boundary-based segmentation. This

method detects edges and angles and other image charac-

teristics on surfacewhich is covered by a curve. However, in

their research [8], they found that selecting a proper func-

tion that characterizes the curve is a big issue and still many

researches have to be done to answer the question. Region-

based method is also a method for segmentation of image

of dental X-ray. This method grouped pixels based on sim-

ilarities of some criteria chosen. The pre-de􀅫ined criteria

may come from color, gray-level, texture, etc. A number of

seed points are utilized in the division process to ensure

the spatial constraints. It seems dif􀅫icult to regulate the im-

portant coef􀅫icient for grouping the pixels. Furthermore,

it better functionality is dependent upon pre􀅫ix function of

curves are provided [9]. Even other image processing tech-

niques like thresholding, boundary-based and also region-

based techniques also face dif􀅫iculty while determination of

parameters for teeth sample but they provide reasonable

accuracy [10].

In [11], a new watershed algorithm, which may be

used in segmentation of proposed dental X-ray images. For-

mal watershed algorithm’s over-segmentation issue is con-

sidered by the researchers in order to resolve. Top-hat-

bottom-hat transformation has been used to intensify the

contrast of front, background and eliminate noises. After

that erosion process has been applied to wane the level of

adhesion between teeth. By using Hole-􀅫illing also can help

to eliminate some unnecessary split-line which can cause

the phenomenon of wrong segmentation. I order to get

the results of segmentation watershed algorithm has been

used.

[12] Proposed a new cooperative scheme that ap-

plies semi-supervised fuzzy clustering algorithms to dental

X-ray image. The Otsu technique is utilized to erase back-

ground area from the images of dental X-ray. Then, FCM has

been considered eliminate range of dental structure from

the obtained results of last procedure. Finally, eSFCM is

used as robust technique in order to con􀅫irm the 􀅫indings

of last step. The authors remark that their framework does

not use any dental features in their algorithm of clustering.

The authors remark that their framework does not

use any dental features in their algorithm of clustering. Us-

ing the reconstructed images, the tooth and Pulp-Tooth Vol-

ume Ratios (PTVR) at four levels (crown area (L1); coronal

one third (L2); midroot (L3), and apical one third of the root

(L4)) were measured [13].

III. METHOD

Based on the shortcomings of the available methods,

a new method to segment and classify the tooth images

based on the 3rd molar in order to achieve age estimation

is proposed in this section. The stages of the proposed age

estimation method based on 3rd molar in Orthopantomo-

graphs are shown in Figure 1.
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Fig. 1 . Proposed age estimation method based on 3rd molar

In the 􀅫irst step, orthopantomography radiology

images are captured and converted to binary images. In

order to segment the image to extract the region of inter-

est, the binary image labeled using image labeling tech-

nique and the 3rd polar is extracted as the ROI to extract

the features. The feature vector is calculated by using co-

occurrence metric, phase and magnitude spectrum and the

proposed geometric mean projection transform. This new

image transform form on geometric mean properties of

integral values in horizontal as well as vertical image com-

mands.

The new transform is based on geometric mean pro-

jection, which —unlike other image transforms, such as

Radon transform— does not consider all signals in an im-

age with the same signal acquisition rate. Instead, it is gen-

eral and thus applicable to all capturing signal functions to

achieve suf􀅫icient invariant features. The Geometric Mean

Projection Transform (GMPT) which is based on Mean Pro-

jection Transform (MPT) [14] guarantees that the detector

only extracts the highly informative information from the

shape to achieve an invariant feature vector for an accurate

classi􀅫ication process. The GMPT is an image transforms

that containing integrals of geometric mean over straight

lines in a digital image. Considering as the function of the

image signal in , then GMPT is a function transform of ,

where the geometric mean of the horizontal and vertical

integral is calculated by using Equation (1).

GMPT =

n∏
i=1

(∫
Sx

F (x, y)|dx|,
∫
Sy

F (x, y)|dy|

)
(1)

To parametrize of any signal with respect to the arc-

length and the Euclidean distance from the origin to , GMPT

can be written as:

(x(t), y(t)) =
∏

[(tsin(α)+scos(α), (−tcos(α)+ssin(α))]

(2)

Where α is the angle of the vector, and (α, s) repre-

sents transform bounds onR2 for entire signals, and GMPT

maybe characterized in the said coordinates as per to Equa-

tion (3):

GMPT =

n∏
i=1

( +∞∫
−∞

F (x(t), y(t))|dx|,
+∞∫

−∞

F (x(t), y(t))|dy|,
)

(3)

Which can also be written as:

GMPT =
∏n

i=1

(
+∞∫
−∞

F (tsin(α)+scos(α))|dx|,
+∞∫
−∞

(−tcos(α)

+ ssin(α))|dy|
)
(4)

The GMPT calculates the geometric mean of the in-

tegrals of an input image function in vertical and horizontal

directions to calculate the feature vector matrix of each im-

age. The result of feature vector calculated by using GMPT

transform is presented in Figure 2.
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Fig. 2 . (a) Dental X-Ray segmented image, (b) GMPT transform

result

IV. RESULTS AND DISCUSSION

In order to evaluate the result, a new dataset called

Malaysian Children Dental Development (MCDD) [15] and

[16] dataset is developed as a part of this research. MCDD

contains X-Ray images and the image information of 456pa-

tients collected from Malaysian children aged 1 to 17 years

old from the collection available at the faculty of the den-

tistry research at Universiti Sains Islam Malaysia. The in-

formation related to age and sexdistributionof the collected

data is shown in Table 1. The information related to age and

sex distribution of the collected data is shown in Table 1.

TABLE 1

DATA POPULATION INFORMATION

Age 3rd molar

Male Female

1-5 22 22

6-10 107 150

11-15 67 66

>16 11 11

Total 207 149

Fig. 3 . Classi􀅫ication result. a) features’ estimation, b) validation

performance

3rd molars were selected for classi􀅫ication after

the segmentation stage in this study as they are more reli-

able in this study population case. Simpler stages for seg-

mentation and classi􀅫ication in collected data make us to

come to the conclusion that the3rdmolar has a great level of

possibility as a forensic sample data for estimating the age.

Figure 3 depicted the classi􀅫ication result and performance

graph using ANN algorithm.

Table 2 presents the performance result of the classi-

􀅫ication by using ANN for different classes. The result is also

separated based on themale and female population and the

average. The result of classi􀅫ication by using the proposed

method indicates an acceptable result.

TABLE 2

PERFORMANCE RESULT IN DIFFERENT AGE CLASSES

Class (teeth stage) Performance

Male Female

PTVR1 74% 76%

PTVR2 78% 79%

PTVR3 84% 83%

PTVR4 83% 81.5%

Mean 79.75% 79.87%

Average 79.81%

V. CONCLUSION

Combination of the co-occurrence metric, phase and

magnitude spectrum and the proposed geometric mean

projection transform to extract and classify the 3rd molar

teeth in orthopantomography radiology images indicates

an acceptable classi􀅫icationperformance for age estimation.

The result of classi􀅫ication for different root stages demon-

strates higher rate for 􀅫inal stages of the teeth. The aver-

age result indicates that the proposed method is a reliable

method for age estimation in the Malaysian children pop-

ulation for pulp–tooth volume measurements and age esti-

mation.
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