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Chapter

Metrology and Digital Image
Processing in Dentistry
Francisco Javier Cuevas de la Rosa, Miriam Rocha Navarro,

Manuel Garcia Salido and Manuel Rodríguez Villegas

Abstract

Metrological techniques using digital image processing techniques have been
extended into different fields of science such as optics, meteorology, mineralogy,
agriculture, and medicine, among others. In the field of medicine, particularly in
dentistry, it is important to perform different dental measurements to support the
biometric work of specialists using panoramic radiographic images. Due to the
poor capturing of these radiographic images, several problems, such as poor contrast
and quality, are generally present. As the detection of the dental area must be done
using these images, this chapter presents an algorithm that will assist in bettering
image quality and make the dental measurements needed. This is done by binarizing
using the histogram statistics of the image for the determination of threshold in
order to establish sections of the teeth and the detection of the intramaxillary
section by fitting a nonlinear function. The proposed method is applied to
panoramic digital radiographs of subjects with permanent dentition (≥12 years and
<30 years). The algorithm achieved an adjustment of 96% of the processed radio-
graphs as a result from patients of the School of Dentistry of the Universidad de la
Salle Bajío.

Keywords: medical imaging, segmentation, panoramic X-ray images, biometrics,
digital image processing, dental X-ray segmentation, polynomial regression, image
thresholding

1. Introduction

Medical specialists in dentistry often use image analysis, most commonly using
radiographs, to assist in making diagnoses and as support for planning out major and
minor surgeries for a patient’s treatment [1–14]. For this task, dentists and other
specialists have relied on computational algorithms of Digital Image Processing and
Optical Metrology to carry out the recognition of benign and malignant structures in
bone tissue, delimit organs, and determine biometric characteristics that can be used
in forensic tasks [15–18]. Unfortunately, due to problems in capturing radiographic
images, such as noise, quality of film, inadequate adjustments of X-ray equipment
parameters, and inexperience of radiological technicians, it is possible that medical
specialist may incur errors during diagnosis.
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Every day, dental pathologies in patients continue to increase, while the number of
dentists worldwide is increasingly inadequate for the number of patients who require
treatment in such a way that the development of automatic techniques for biometrics
and dental metrology using Digital Image Processing and Artificial Intelligence is
becoming of great importance. These techniques that carry out dental measurements
are very useful to specialists because they assist in making diagnoses quicker and the
follow-up after treatment easier [19–38]. Some of the most common ailments are
periodontal disease, cavities, bone loss, chronic periapical abscess, periapical granu-
loma, radicular cyst, and malignant or benign tumors. Several of these conditions are
monitored through dental biometric analysis using different X-ray images taken from
different perspectives. The different perspectives used most frequently by dentists are
periapical, bitewing and panoramic, or orthopantomograms. The panoramic perspec-
tive shows all the patient’s teeth in one image making it possible to perform different
measurements. Within the biometric process that must be done, there is the automatic
detection and division of the intradental region and jaw (denture), since it is the
starting point for performing dental segmentation and the detection of diastemas
(intradental spacing).

It is also important to mention that there are other types of biometric applications
using panoramic dental images where these algorithms can be applied. One alternative
is using these dental images to identify people instead of using traditional methods
such as face, iris, or fingerprint recognition in a forensic setting. Most often than not,
the traditional methods mentioned can be damaged in serious incidents such as car
and air accidents to the point where they cannot be used for biometric identification,
so analysis and recognition from dental images is an excellent alternative for these
forensic cases [15–18, 23].

Several researchers have worked on the development of manual and
semiautomatic methods to detect and segment the jaw using different digital
image processing algorithmic techniques. Several of the proposed methods require
manual marking [15], which generates a disadvantage. Jain et al. [16, 17] proposed a
method that uses an integral projection process of the image and Bayes rule to carry
out the segmentation of the jaws and later an integration method for diastema
detection. In [18], Wanat improved the method of Jain et al. by using splines to
divide the jaws. The Jain and Chen algorithm [16] has continued to be improved and
semiautomatic methods have been proposed; Harandi et al. [19] show a method for
the segmentation of the intramaxillary region (IMR) through the use of modified
geodesic active contour and different morphological operations on the X-ray image
but it has some drawbacks due to the use of a cropped manually and that it works
only with periapical images, in addition to the fact that the active detection of
contours is an iterative process that can take up to 200 iterations. In [20], Hasan
uses information from the gradient vector flow for the automatic adjustment of snakes
in the image and the k-means method to perform the segmentation process. This
method has the drawback that it is necessary to set the number of classes and the
thresholding conditions manually. On the other hand, in [21], Haghanifar uses
evolutionary computation and the Sauvola binarization algorithm to perform man-
dibular segmentation and separation; the jaw was divided using two steps: the calcu-
lation of the midpoints of the intradental zone and the use of snakes, which is
computationally expensive. Recently, artificial intelligence and metaheuristic tech-
niques have been used to carry out segmentation. In [22], Kong et al. propose a
method that uses deep learning to carry out the detection of the maxillary region
through an encoder and decoder network (EED-Net). This method has the
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disadvantage that a marking and annotating process must be carried out by dental
experts, which consumes the specialists’ time and must be carried out manually,
which complicates its application. Additionally, considerable time must be spent
on training the EED-Net. On the other hand, in [23], an adjustment function is
calculated with Particle Swarm Optimization as a metaheuristic process. This
requires the manual selection of a series of points in the intramaxillary region, and
a high-order polynomial is passed whose biggest problem is the oscillations it
suffers due to this.

In this chapter, a method of segmentation using a polynomial function adjust-
ment with coefficient estimation by the least squares approximation of the
intramaxillary region (IMR) is proposed. The steps of the procedure are the
following: (a) low-pass filter, (b) binarization using the gray-level frequency his-
togram, (c) calculation of centroids, (d) detection of the intramaxillary region
(IMR), (e) detection of random points in the intramaxillary region, and (f) poly-
nomial adjustment of parameters using least squares. The proposed method is
applied to panoramic digital radiographs of subjects with permanent dentition (≥
12 years and < 30 years). The following sections show the operation of each
procedure of the proposed method, the experiments carried out, and the conclu-
sions of the work.

2. Automatic intramaxillary region detection method

During the automatic biometric dental process, to give a diagnosis or treatment, it
is essential to locate the intramaxillary region and detect the teeth of both jaws. To
achieve this, an algorithm that performs the following steps is proposed: (a) smooth-
ing by median filtering, (b) binarized with thresholding from the histogram, (c)
detection of centroids, and (d) determination of the intramaxillary region. Each step
of the proposed method is detailed below.

2.1 Image smoothed

Before starting with the IMR detection in the panoramic dental X-ray images, it is
adequate to use spatial masks to perform spatial filtering processing. It is also possible
to perform this same filtering but in the frequency domain by using the Fourier
transform, although this is more laborious. In the case of panoramic dental X-ray
images, it is prudent to carry out low-pass filtering that can reduce the noise effects
related to high frequencies that are present in the Fourier domain because high-
frequency components are related to the edges of objects, fine structures, and noise
contained in images. Carrying out this process will result in an unfocused or blurred
image due to the removal of this information by low-pass filtering. For these purposes,
a Gaussian-type kernel or an averaging filter (statistical mean) can be used to remove
high frequencies, but unfortunately in most cases they leave traces of noise and
destroy important edges of the image. For this reason, for dental applications, it is
preferred to work with the statistical method of the median since this method pre-
serves the edges of the important dental pieces for segmentation tasks and dental
biometry. In this method, the central pixel of the subimage mask around the (odd-
sized) pixel is replaced by the statistical median instead of the value of the means or
the application of the Gaussian spatial filter.
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For IMR detection, it must be segmented into bright and dark regions. Given the a
priori information of the images obtained from an X-ray process, the brightest regions
of the image will be related to both compact and spongy bone tissue; on the other
hand, the dark information is related to the other regions of the image among which is
the IMR region of interest. It is important to eliminate high-frequency structures prior
to the binarization process in order to improve its performance and avoid undesirable
structures generated by spongy and compact bone tissue and additive noise contained
in the image that prevent good IMR segmentation. To avoid this, a low-pass filter is
applied beforehand using the statistical median of a neighborhood of pixels of size
11�11. Using the set of values of the established neighborhood, we obtain the element
that leaves half of the smaller elements below it and the other half above it, in such a
way that the high-frequency elements in the region remain on the shores. This filter is
applied because it better maintains the contours of the regions when binarizing,
including the IMR zone of interest.

2.2 Thresholding

After having applied the filter to eliminate high frequencies of the X-ray image
that interfere in the detection of the regions, the next step is to carry out the
binarization process by thresholding to start the segmentation of dark regions where
the IMR region is located. It is important and very common to use a thresholding
method to be able to carry out a process of segmentation and partitioning of the image
in binary form from the gray intensity levels of the image in this dental panoramic X-
ray case. For this case, the global information of the X-ray image is used depending on
the value of the pixel. The intent of these methods is to allow starting from the pixel
value I(x,y) at the spatial position of the digital dental panoramic X-ray image (x,y),
where each l-bit pixel can contain values in the range of G ε [0,2l-1] representing the
gray levels of the image. The idea of thresholding procedures is to map each pixel from
an original value I: M�N ! G to a function of only two possible values B:
M�N ! {0,2l-1} from a threshold value T such that the thresholding image can be
represented as

B x, yð Þ ¼
0, if I x, yð Þ<T

2l � 1, if I x, yð Þ≥T

�

: (1)

The intention is to find and design a robust criterion that can perform and be
applied in a repeatable way the IMR segmentation to find an adequate threshold value
T that can be used and ensure the detection of the region of interest depending on the
value of each pixel in the original X-ray image I(x,y). To carry out the segmentation
for the initial detection of the IMR, the thresholding procedure is applied to the entire
dental X-ray image with a single threshold value to generate the partition into dark
and bright regions.

The IMR has the attributes of having a large area compared to the average of the
regions in addition to having a centroid close to the center of the image because the
dentist focuses the area of interest (teeth) in the capture process of the X-ray image.
For this, we perform a binarization considering the a priori knowledge related to the
fact that the concentration of bone tissue information is located in the bright section
of the image and, therefore, recorded in the gray-level frequency histogram and that
the remaining regions including the region of interest (IMR) are located in the region
related to the frequency of dark gray levels.
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Carrying out experimentation, a threshold was located that correctly segments the
intradental region. To do this, we determine the probability distribution function of
gray levels from the calculation of the histogram using the following expression:

pi ¼
hi
MN

, (2)

where hi is the frequency of occurrence of the gray level i, M � N is the resolution
of the radiographic image, and pi represents the probability of occurrence of the gray
level; then, we determine the cumulative probability function using the following
expression:

Pk ¼
X

k

i¼0

pi: (3)

The optimal threshold detected by experimentation to determine the threshold T
in the range of [0,255], where the IMR is adequately separated, is when the cumula-
tive probability function reaches 0.3, that is, the histogram represents 30% of the total
resolution of the image; this can be expressed as

TϵArgMin
X

T

i¼0

pi >0:3

 !

TϵG∀G ¼ 0, 1, 2, … , 255:

(4)

From this threshold, the binarization of the image is carried out, from which
several regions of different sizes related to the dark and bright information of the
image are obtained. In the case of the IMR region of interest, it has the attribute of
having an area with a larger dimension than the average of the other regions. To carry
out the identification of this region, we eliminate the regions with a smaller area than
the average of the total dark regions in order to speed up the detection process.

2.3 Calculation of centroids and IMR detection

After the binarized segmentation process of the dental X-ray images, it is impor-
tant to determine some properties that can characterize them in order to discern the
IMR region of interest in relation to the other partitions related to the dark regions of
the X-ray image. One of the properties of the regions that are useful to carry out the
IMR detection is undoubtedly the geometric information of the image and particularly
its location of the centroids of the region. For this, it is necessary to calculate the areas
of each region in the dark sections of the X-ray dental image and add the coordinates
of these regions in rows and columns (x,y) so as to average the location of the pixels in
the k region Rk(x,y). From these images, the centroids �Xk, �Ykð Þ of each region k (Rk(.))
with area Ak are determined by calculating the following mathematical expressions:

�Xk ¼

PM
x¼0
PN

y¼0xRk x, yð Þ

Ak
, �Yk ¼

PM
x¼0
PN

y¼0yRk x, yð Þ

Ak
: (5)

Due to the fact that, when performing the capture, the dental specialist centers the
patient’s teeth on the X-ray plate, we can determine the IMR region from that region
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whose centroid is closest to the center of the image in such a way that the IMR region
will be the region k with the minimum indicated distance, that is,

k ¼ min k

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

�Xk �
M

2

� �2

þ �Yk �
M

2

� �2
s

0

@

1

A

: (6)

2.4 Polynomial fit to the intramaxillary region

Once the IMR intramaxillary region has been determined using the procedure
outlined in the last process, the next step in the procedure consists of fitting a poly-
nomial function expressed by

Pm xð Þ ¼ aox
0 þ a1x

1 þ a2x
2 þ⋯þ amx

m, (7)

that fits the patient’s teeth from this region by fitting a smooth curve that
minimizes the squared error Q of a sample of points from this region given by

Q ¼
X

P

i

Pm xið Þ � yi
� �2

: (8)

For this, at least a sample of 2% of the points of the IMR region is used, that is, the
number of points P will be greater than 0.2 of M�N. Then, the following system of
equations is solved to minimize the quadratic error related to the points of the region
and the fit polynomial

nþ 1
X

xi
X

xi
2

⋯
X

xi
m

X

xi
X

xi
2

X

xi
3

…
X

xi
mþ1

⋮
X

xi
m

⋮
X

xi
mþ1

⋮

X

xi
mþ2

⋮

⋯

⋮

X

xi
2m

2

6

6

6

6

6

6

4

3

7

7

7

7

7

7

5

a0

a1
⋮

am

2

6

6

6

4

3

7

7

7

5

¼

X

yi
X

xiyi

⋮
X

xi
myi

2

6

6

6

6

6

4

3

7

7

7

7

7

5

, (9)

where (xi,yi) represent the sampled points of the IMR region and the vector
a = (a0, a1, a2,… , am) represents the coefficients of the fitted polynomial. A complete
flowchart of the IMR region polynomial detection and fitting process is shown in
Figure 1.

3. Experiments

This section shows examples of the segmentation process carried out on images of
patients from the School of dentistry, Universidad La Salle, León, Mexico. The equip-
ment with which the images were captured is Morita Veraview X800 X-ray equip-
ment. The captured panoramic dental X-ray images have a resolution of 1935 � 1024
pixels. Figure 2(a) shows the panoramic image obtained by the X-ray equipment. To
evaluate the performance of the method, the established process was carried out on 50
panoramic radiographic images of patients with age range between 12 and 30 years
from the School of Dentistry, Universidad de La Salle Bajío, León, Guanajuato, Mex-
ico, with the following inclusion and exclusion criteria:
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a. Inclusion Criteria

• Panoramic digital radiographs of subjects with permanent dentition (≥
12 years and < 30 years).

• Subjects of both genres.

b. Exclusion criteria

• Panoramic digital radiographs of subjects with teeth showing evidence of
incisal or occlusal edge with restorative intervention, traumatic injury, or
occlusal wear from bruxism.

• Radiographs showing mixed dentition or edentulism.

The first step in the procedure consists of filtering out high-frequency structures
such as mandibular spongy and compact tissue and capture noise using a kernel that

Figure 1.
Flowchart of the IMR denture and jaw segmentation process.
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calculates the median of a window of size 11�11, the result of which is shown in
Figure 2(b).

After applying the low-pass filter (median), we calculated the gray-level frequency
histogram of the panoramic dental image. From the generation of the histogram, we
determine the probability distribution function using Eq. (2) and determine the value
of the threshold T when the cumulative probability function reaches or exceeds 0.3.
The histogram of the image of Figure 1 and the detected threshold value (red line) is
shown in Figure 3, and the binarized image with the threshold value T is shown in
Figure 4.

The next step is to extract the centroids of the K largest regions and determine
which of them is located closest to the center of the image, which is related to the IMR
region of interest. Figure 5 shows the largest areas from Figure 4, and Figure 6 shows
the related centroids. Finally, Figure 7 shows the selected IMR region. Once the IMR
region has been determined, the next step in the procedure necessary to carry out the

Figure 2.
(a) Original image. (b) Smoothed image using median filter size 11�11 where high-frequency structures (spongy
and compact bone tissue) are removed.
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Figure 3.
Histogram with the frequency of occurrence of the gray levels of the image in Figure 1.

Figure 4.
Binarized image using a threshold of 30% from the cumulative function of the histogram of gray levels.

Figure 5.
Selection of the regions with the largest area from the binarized image in Figure 4.
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intramaxillary partition is to fit a polynomial (order 2) that smoothly divides the IMR.
This is useful to carry out a subsequent process of dental biometric analysis. The fit is
carried out by taking a sample of IMR points (2% of the points) and applying the
optimization process to them to calculate the polynomial coefficients by estimating
and reducing the mean square error by least squares. Figure 8 shows the selected
points and the fit of the curve (quadratic polynomial) that minimizes the error.
Figures 9 and 10 show the detection of the denture in both the lower and upper jaws
on the original image. Figure 11 shows eight additional results with images of differ-
ent patients by using of the proposed method.

The efficiency of the method was calculated based on the total number of
regions IMR divided correctly according to the established manual marking and
qualified by dental specialists and the one that did not meet the established
segmentation requirements. Then, the efficiency eq. E used for the proposed
segmentation process was

E ¼
C

N
∗ 100% (10)

Figure 6.
Centroids of the dark regions of the original image.

Figure 7.
Detection of the IMR region with centroid closest to the center of the image.
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Figure 8.
Parabolic adjustment by point sampling in the binarized IMR region.

Figure 9.
Original image with a parabolic polynomial adjusted for division of the IMR section.

Figure 10.
Detection of the jaw in the lower and upper jaws.
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where C is the number of X-ray panoramic dental images well segmented
according to dental specialists andN is the total number of processed X-ray panoramic
dental images. Using the previous equation, the efficiency of the method to detect the
mandible and IMR was calculated, which turned out to be 96%.

Figure 11.
Results using the proposed method applied to X-ray images from database with a curve fitting.
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4. Conclusion

It is shown that it is possible to use the proposed method to carry out the division
and recognition of the intramaxillary region automatically from panoramic X-ray
images without requiring the assistance of a dental specialist. Among the improve-
ments proposed in this chapter is the establishment of a thresholding method that
adapts to the gray-level statistics of the dental X-ray image of the patient in order to
determine the area of interest to be detected (IMR). The established method calculates
the density and cumulative probability functions to determine the region of bone
tissue and absent regions of this tissue where the IMR is located. Likewise, a function
is proposed that minimizes the distance from the centroids of the dark regions related
to the intramaxillary space, eliminating the bright regions related to the spongy and
compact bone tissue for IMR detection. Then, a random sample of points from the
IMR region is used to fit a quadratic polynomial that fits this region and the teeth. This
procedure is carried out without requiring the assistance of a dental specialist. This
detection method is useful for biometric measurements of teeth. The method was
tested with 50 images and had an efficiency greater than 96%. Future work includes
diastema detection and automatic segmentation of teeth for diagnostic and biometric
tasks to monitor treatment and forensic applications, as well as a biometric dental
support application for the daily work of dentists.
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