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An Analysis of Image Enhancement Techniques for Dental
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Abstract—This paper presents qualitative and quantitative
comparison between original images and four image
enhancement  techniques namely adaptive histogram
equalization (AHE), contrast adaptive histogram egualization
(CLAHE), median adaptive histogram equalization (MAHE)
and shar p contrast adaptive histogram equalization (SCLAHE)
applied to dental x-ray images. Dental x-ray images usually
taken with low radiation dosage are often presented as dark,
low in contrast and noisy. These problems are usually solved
with image enhancement techniques. However, choosing an
appropriate technique is not an easy task especially for the
purpose of disease diagnosis of periapical related lesion. This
research involves the collection of ten intra-oral dental x-ray
images which were collected from the Faculty of Dentistry
UiTM Shah Alam, Malaysia. Each of the enhancement methods
isapplied to every collected image. A dentist was then asked to
do the evaluation using questionnaire. She graded the quality of
theimages and the diagnostic ability of the periapical pathology
observed in the images. Subsequently the quantitative analysis
using contrast improvement index (Cll), signal to noise ratio
(SNR) and root mean square error (RMSE) were done to
investigate the characteristic of the images base on the dentist
evaluation. The finding shows that the enhancement techniques
managed to enhance the pathology dlightly better than the
original image.

Index Terms—Contrast enhancement, adaptive histogram
equalization (AHE), dental X-ray.

|. INTRODUCTION

Presently, the first line of disease diagnosis via imaging
modalities relies mostly on x-ray images even though other
modalities such as Magnetic resonance (MRI) and computer
tomography (CT) provide more accurate interpretations [1].
Thisisaso true for the field of dentistry where x-ray images
are consistently used to assist dentists in deciding the
appropriate treatment for patients [2]. Commonly
encountered periapical diseases are granulomas and cysts
which occur in the jaw area. Other periapical diseases are
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lesions such as non-odontogenic and malignancies [3]-[4].
The pathologies such as periapical radiolucency, widen
periodontal ligament space and loss of lamina dura are the
common abnormalities that related to the disease [1][1].
Sometime these diseases can obviously be detected in an
x-ray but on other occasion they can be missed since x-ray
images are often very noisy and low in contrast[5]-[6]. The
nature of intra-oral digital radiographs is low image quality
due to low dose usage. The procedure of low dose usage is
related to its effect to patient’s health [7]-[8]. Thus image
processing techniques such as image enhancements methods
are the accepted methods to enhance the radiograph’ s image
quality[5]-[6],[9]. One of the parameter to apply image
enhancement is by manipulating the image contrast [10].
Contrast enhancement techniques such as histogram
equalization (HE), adaptive histogram equalization (AHE),
and contrast limit adaptive histogram equalization (CLAHE)
have been widely used to improve the contrast in medical
images[5][11]-[13]. For example, HE and AHE methods had
been used to enhance fish bone impaction in the soft tissue of
lateral neck radiograph[2]. AHE and CLAHE algorithms
were applied on mammograms for breast cancer [12]-[15] as
well as dental radiographs [2],[16]-[22]. Application of
image enhancement techniques to dental x-ray images shows
an active ongoing research [16]-[22]. Enhancement
techniques that had been reported in the literatures were
high-pass filters and contrast enhancement. High pass filter
types that had been used are shadow [18] and sharpening
[18][22]. The pathologies that had been investigated were
periodontal ligament space [21], lamina dura [2] and
condition of alveolar bone[19].

The main type of enhancement technique used in thiswork
isAHE. AHE isoriginated from histogram equalization (HE)
technique. HE is an agorithm that improved the visua
appearance of the image by assigning each pixel a new
intensity value based on previous intensity level by using
Equation | [5].

i max I ntensitylevel
G=[> N 1
| [ZFO : 1( NoofPixels j .

However, because HE operates in global contrast of the
image, the disadvantage isthat it may increase the contrast of
background noise and resulting in lower usable signal [23].
Dueto that AHE isintroduced by multiple local window size
area, emphasizeslocal contrast rather the overall contrast [5].

Though, AHE drawbacks was that its operation resultant
wash out effect [24], introduces artifacts [25] and losing out
the image details [26]. Consequently, the Contrast Limit
Histogram Equalization (CLAHE) is created by limiting the
local contrast-gain by restricting the height of local histogram
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[12]. Still CLAHE problem is linked to high contrast in both
foreground and background increasing the visibility of the
main mass at the cost of simultaneously creating small yet
misleading intensity in homogeneities in the background
[13].

All these drawbacks encourage the combination of AHE
and CLAHE with other algorithms [11],[24],[27]-[31].
Sharpening and median filter is often combined with classic
contrast enhancement methods [29][31] to enhance medical
images [24],[29],[31].

Quantitative measurements such as Cll, SNR and RMSE
are accepted in the field of image processing to evaluate the
performance of proposed techniques
[5].[11],[16]-[17],[32]-[35]. All of these measurements were
usually used in medical field by the radiologiststo assist their
interpretation of x-ray images [32]. Most of the proposed
techniques were application of wavelet analysis [32]-[35]
towards mammographic and ultrasound [11] images.

Theaim of this paper wasto compare the diagnostic ability
between origina and enhanced images. While for the
enhanced images, the focus of comparison is the quantitative
measurement between the standard image enhancement
techniques (AHE and CLAHE) with the purposed algorithms
(SCLAHE and MAHE).

Il. MATERIAL AND METHODS

A. Input Images

Tenintra-ora digital radiographs were taken from Faculty
of Dentistry, UiTM Shah Alam, Maaysia. The X-ray
machine used was Planmeca Intra-oral x-ray machine.

Fig.l shows one of the original samples of the
radiographic images and its corresponding global histogram.
As clearly observed, the gray level distribution is highly
skewed towards the darker site. The histogram distribution
could be stretched to cover the whole gray scale instead
dominantly towards the skewed site. For each of the original
images, four enhanced images namely, AHE, CLAHE,
MAHE and SCLAHE were produced to make atotal of sixty
images for visual assessment by a dentist.
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Fig. 1. Original dental x-ray image and its histogram

B. Application of Image Enhancement Techniques

AHE is used to improve contrast based on local histogram
unlike the globa contrast enhancement which uses the
histogram for the entire image. AHE divides the image into
several non-overlapped sub-images and derives their
histograms. Then, it modifies the histogram to enhance the
contrast of the pixels within the sub-images [5]. Fig.2 shows
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the stages of the AHE processing for this work. The stages
start from the original image with its histogram. Next, the
images are masked into 3X3 matrix and then each of the
sub-windows will be applied with the AHE technique. After
that the whole image is interpolated [10].
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Fig. 2. Stages of AHE processing
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after AHE

MAHE technique combines, median filtering and AHE
methods. Median filter is introduced as one of its
pre-processing technique to reduce noise and identify its
impact towards the contrast of the dental images. This
technique updates the pixel value in ascending order. The
centre pixel in the 3 x 3 areaisthen replaced with the median
value[11].

SCLAHE consists of combination of image sharpening
and contrast limited adaptive histogram equalization
(CLAHE). The purpose of using the sharpening filtersis to
sharpen the outline of the periapical features. This work
utilized Laplacian filter to perform image sharpening process.
Laplacian detects the outlines of the objects by convolving a
mask with amatrix centered on atarget pixel. The Laplacian
detects the edge using amask asin Fig.3[12].
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Fig. 3. Laplacian Edge Detection

CLAHE reduces the problem associated with AHE in
relation to noise. This technique limits the slope associated
with the pixel range to prevent saturation [23]. It can be an
AHE or HE by choosing the appropriate contrast factor.
CLAHE is to prevent the random noise introduced during
local Histogram Equalization by limiting the maximum slope
of the greyscale transform function. The slope of the
cumulative distribution function is determined by the bin
counts. If abin hasalarge count, it will result in more slopes.
By thresholding (clipping) the maximum histogram count,
we can ensure alimit on the slope [12]. The approach used in
the CLAHE algorithm is to clip histograms exceeding the
threshold and redistribute the excess evenly among al the
remaining bins. Slope value used in the program should be
greater to ensure more contrast. Smaller slope will limit the
contrast more and hence serve to reduce noise [23].
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C. The Visual Assessment

The visual assessment was done using questionnaire. The
images were visually inspected by a dentist on the computer
monitor. Each of theimageswas arranged in random to avoid
bias. The questions as well as the images also provided in
hardcopy for the dentist to write in the assessment.

There are four stages of evaluations. First, the dentist had
to evaluate the present of periapical radiolucency (PR)
abnormality. Then assess the present of widen periodontal
ligament space (widen PDLs) abnormality. Third was
decided whether loss of laminadura (loss of LD) abnormality
exists. Then the qualities of the images were judged based on
her experience. The grades for abnormalities assessment
were scale 1; abnormality detected 2; no abnormality
detected but other abnormality detected and 3; no specify
abnormality detected and no other abnormality detected. The
gradesfor image quality were scalefrom 1 (condition that the
quality of image is poor and periradicular not read) to 5
(condition that the quality of image is very good and
periradicular can be read).

D. Quantitative Evaluation

The quantitative evaluations were done using contrast
improvement index (Cll), signal to noise ratio (SNR) and
root mean square error (RMSE). All of these measurements
depend on the pixel values of the images.

The Cll is produced by the following equation [32]-[36];

D

_ Cprocess
Coriginal
where both are the contrast value for the region of interest

in the processed and original images respectively .The C
valueis derived from the following;

_(f-b)
" (f+b)

)

where f isthe mean gray-level value of theimageand b is
the mean gray-level value of the background [36].

SNR is the statistical value to measure signal out of noise
in an image by the ratio of the signal standard deviation to the
noise standard deviation [37]. The formula of SNR is as
follows;

W)

Zozyzol[r(x,y)—t(x, y)]2

RMSE it is used to measure the average magnitude of error
in the enhanced image based on the original image. It
guantifies the average sum of alteration in each pixel of the
enhanced image and portrays the average change in a pixel
caused by the SAHE and SCLAHE [38]. Lower the RMSE
value indicates better enhancement [11].

NR=10log,, ®)
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Results are presented in the following manners; Firstly, the
distribution between grades (grade=1, grade=2 and grade=3)
of original images and the CEAs were reported. Second, the
results for grade =1 only for pathologies abnormality will be
presented. Third is about the image quality. Finaly, the
quantitative results will be produced

Fig.4. shows the distribution between grades. At glance, it
displays that grade=1 were the mgjority for original and the
image enhancement techniques. Grade 2 and 3 were
minority.

i b

AHE

RESULTS

BEomO N

o

Number of grades

MAHE

CLAHE SCLAHE

Original

Original and Image Enhancement Techniques

Fig. 4. Distribution dentist’ s grade between original and image enhancement
techniques

Fig.5. shows the results of clearly detected abnormalities
only. Thefigure showsthat for PR abnormality, Original and
CLAHE were able to detect the abnormality the most (10).
Secondly goesto SCLAHE (9). Thelast were AHE, followed
by MAHE. For widen PDLs abnormality, the figure display
that, CLAHE and SCLAHE (8) able to overcome origina
images (6). The ranking then goesto AHE (5) and MAHE (2).
Loss of LD indicates that SCLAHE (8) able to overcome
others.

12

10 10

[
o

38

6 6
mPR

B widen PDLs

Number of grades

OLoss of LD

Original AHE CLAHE SCLAHE MAHE

Onginal and Enhanced Images

Fig. 5. Grade =1 for al abnormality detection.

Fig.6. shows the image quality assessment. Out of five
scales, the dentist only grade=1 (condition that the quality of
image is poor and periradicular not read) and grade=2
(condition that the quality of images is acceptable and
periradicular can be read). However, only CLAHE method
able to get grade=3 (condition that the quality of images is
good and periradicular can be read). Focusing on grade=2, it
shows that SCLAHE (10) able to overcome original (8)
images.

Fig.7. displays the Cll, RMSE and SNR of the images. It
shows that the pattern for AHE and MAHE were the same.
The trend was, Cll and SNR values were lower but the
RMSE is higher. CLAHE and SCLAHE display the same
trend where all of the values were almost the same.
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Fig. 6. Image quality of the image samples.
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Fig. 7. Overdll values of Cll, RMSE and SNR for al the images.

Fig.8. was constructed from dentist assessment for the
images that have grade=1 only. Then the minimum,
maximum and average values of Cll, SNR and RMSE were
analyzed. The trend shows that, CIl, SNR and RM SE values
for al the three abnormality were consistent. The average
values for Cll seem to be the lowest (2.72-2.77). Average
SNR values were ranging from 6.65 to 18.31. Finaly
averages of RM SE values were between 2.77 to 48.88.
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Fig. 8. Comparison between minima, maxima and average values of Cll,
SNR and RM SE of the abnormalities.

Since average values were not seems to represent the
overall pattern especidly for RMSE values Fig.9 was
produced. The figure was formed from the median values of
Cll, SNR and RMSE of the abnormalities. It shows that, for
PR abnormally, the ClI, SNR and RMSE values are ranging
from 16.6 to 18.8. For widen PDLSs, the values were ranging
from 1.67, 18.42 and 27.33. Finally for Loss of LD
abnormality, values are ranging from 1.65, 21.18 and 27.92.
Cll values for widen PDLs and Loss of LD abnormalities,
have similar values. But for PR abnormality, the Cll value
was the highest. For SNR values, it shows that PR
abnormality get thelowest values, follow by widen PDLsand
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Fig. 9. The Quantitative values of dental abnormalities

IV. DiscussiON

This work examined the performance of image
enhancement techniques compare to the original images. The
assessments are based on subjective evaluation as well as
statistical measurement using Cll, SNR and RMSE.

In ability to detect the abnormalities, it seemsthat CLAHE
is at par with original images in detecting PR abnormality.
However, for widen PDLs and Loss of LD abnormalities,
image enhancement techniques able to overcome original
images (Fig.5.). Looking at the image quality results, it
shows that, dentist score only goes to grade=1 and grade=2
only (Fig.6.), but CLAHE ableto get grade=3. Thisfinding is
in line with previous work [2], [18]-[20] claimed that image
enhancement techniques do increase the image quality and
diagnostic ability.

In the specific domain such as in dentistry, the expert (the
dentist) isthe ultimate judge [10] in doing the interpretation.
Dueto that, our work gives priority to the dentist asthe expert
by taking her grade’'s as reference. Based on the results
(Fig.5), we calculated Cll, SNR and RMSE values of al the
images. Theresults show a pattern that, AHE and MAHE had
similar pattern with RMSE get highest values. CLAHE and
SCLAHE shows lower value of RMSE, but CLAHE get the
lowest (Fig7.). Focusing on Cll values, it is claimed the
highest values is the better [32], but our results show that
MAHE and AHE get the highest Cll, but also get high RMSE
ishigh. The best combination goesto CLAHE and SCLAHE
where they get lower RMSE (Fig.8).

V. CONCLUSION

In conclusion, our work support that image enhancement
do contribute to the better appearance of the images,
therefore improve the diagnostic ability in intra-oral digital
images.
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