\|fr JOURNAL

neonrreen IMIEDICAL INFORMATICS TECHNOLOGY |

medinftech.org

ISSN 2988-7003 (online)

Enhancing the Quality of Digital Panoramic Radiographs with Median
Filtering and Histogram Equalization Techniques

Moh. Yusuf*", Shella Indri Novianty?, and Bella Maharani®

1235yltan Agung Islamic University, Indonesia

MEDINFTech is licensed under a Creative Commons 4.0 International License.

ARTICLE HISTORY

ABSTRACT

Received: 14 August 25

Final Revision: 10 December 25
Accepted: 27 December 25

Online Publication: 31 December 25

KEYWORDS

Contrast Enhancement, Digital Panoramic
Radiography, Image Enhancement,
Medical Image Processing, Noise
Reduction

CORRESPONDING AUTHOR
mohyusuf@unissula.ac.id

DOl
10.37034/medinftech.v3i4.114

Digital panoramic radiographs often suffer from noise and
reduced contrast, which can compromise diagnostic
accuracy and  treatment  planning.  Conventional
enhancement methods rely on default Carestream software
with manual adjustments, which may be inconsistent and
time-consuming. This study aims to improve the quality of
digital panoramic radiographs by applying Median Filtering
(MF) to reduce noise and Histogram Equalization (HE) to
enhance contrast using MATLAB R2022a. An analytical
experimental design was conducted on 155 digital
panoramic radiograph images, sampled from a total
population of 254 images collected between July 2021 and
July 2022 at the Dental Radiology Installation, Islamic
Dental and Oral Education Hospital of Sultan Agung
Semarang (RSIGMP-SA), using the Slovin formula.
Radiograph files in DICOM format were converted to
JPEG for analysis. Image quality was evaluated using
Signal-to-Noise Ratio (SNR) and Contrast-to-Noise Ratio
(CNR), and statistical significance was analyzed with the
paired T-test in SPSS. The results indicated normal
distribution for all parameters (p>0.05) and significant
improvements in SNR and CNR after enhancement (T=-
14.426 for SNR, T=-41.673 for CNR, p<0.05). These
findings demonstrate that MF effectively enhances image
sharpness, while HE improves contrast, resulting in clearer
and more diagnostically reliable panoramic radiographs.
The proposed approach provides a standardized and
reproducible method for image quality improvement and
offers potential support for clinical decision-making.

1. Introduction

Digital panoramic radiography is an

extraoral

memory corruption, bit errors during data transmission,
and malfunctioning pixels, salt and pepper noise
appears as black and white spots on radiographs. The

radiographic technique that produces tomographic
images of the facial structures of the maxilla, mandible,
teeth, and supporting tissues on a computer screen [1].
A panoramic radiograph's quality is
considered acceptable as a good image for diagnosis if
it has good quality, including no noise and good
contrast [2]. Image enhancement is a technique that
aims to produce radiographs with improved
visualization to provide as much information as
possible in the radiographs [3].

Noise is a disturbance that can reduce the sharpness of
the radiograph. Salt and pepper noise frequently appear
on digital panoramic radiographs. As a result of

median filtering technique is one of the image
enhancement techniques for reducing noise on
radiographs [4]. To replace noisy pixel values with the
median values of the nearby pixels, the pixel values are
first sorted in median filtering [5]. SNR (Signal to
Noise Ratio) parameters can be used to assess
improvements in radiograph quality. SNR is used to
evaluate the noise-reduction performance of median
filtering. Due to the radiograph's reduced noise, the
SNR value increased after noise filtering was applied

[6].

Contrast is another critical parameter affecting
diagnostic quality, referring to the difference in
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grayscale levels between adjacent tissues on a
radiograph [7]. Reduced contrast may result from
sensor limitations or improper radiograph settings [8],
making it difficult to distinguish between healthy and
abnormal regions. Histogram equalization is a widely
used method to enhance contrast by redistributing
grayscale values, producing a more uniform histogram
[9]. The improvement in contrast can be measured
using the Contrast-to-Noise Ratio (CNR), which
increases as tissue distinctions become clearer [10].
Enhancing  contrast  helps  clinicians  identify
pathological regions more reliably and supports
accurate clinical decision-making.

Based on these considerations, this study aims to apply
the Median Filtering method for noise reduction and
Histogram Equalization for contrast enhancement in
digital panoramic radiographs. This research
quantitatively evaluates image quality improvement
using SNR and CNR parameters. The results of this
study are expected to contribute to improving
diagnostic image quality in dental radiology,
particularly at the Islamic Dental and Oral Educational
Hospital of Sultan Agung Semarang (RSIGMP-SA).

2. Research Method

This study employed a pre-post experimental design, a
type of quasi-experiment, to evaluate the effect of
image enhancement techniques on digital panoramic
radiographs. The independent variables were the
application of Median Filtering (MF) for noise
reduction and Histogram Equalization (HE) for
contrast enhancement. The dependent variables were
Signal-to-Noise Ratio (SNR) and Contrast-to-Noise
Ratio (CNR), which were measured before and after
image processing.

2.1. Population and Sample

The population consisted of 254 digital panoramic
radiograph files collected from patients between July
2021 and July 2022 at the Dental Radiology
Installation, Islamic Dental and Oral Education
Hospital of Sultan Agung Semarang (RSIGMP-SA).
The sample size was determined using the Slovin
formula, resulting in 155 radiographs selected from the
population. Radiograph files that could not be opened
or were corrupted were excluded from the study. All
images were originally in DICOM format and
converted to JPEG for processing. JPEG was chosen
for compatibility with MATLAB R2022a, and care was
taken to minimize compression artifacts by using high-
quality, lossless settings. No additional resolution
normalization was performed, as all images were
captured with a standard panoramic radiograph
resolution.

2.2. Image Enhancement Procedure

The image enhancement workflow consisted of the
following steps:

1. Pre-processing: Conversion to grayscale when
necessary to standardize input for the enhancement
algorithms.

2. Median Filtering (MF): Applied with a 3x3 kernel
to reduce salt-and-pepper noise while preserving
edges.

3. Histogram Equalization (HE): Implemented as
global HE to improve overall contrast. Both SNR
and CNR values were measured before and after
enhancement to quantify the effect.

2.3. Data Analysis

The normality of the SNR and CNR distributions was
assessed using the Shapiro-Wilk test. After confirming
normal distribution, the paired T-test was conducted to
determine whether the application of MF and HE
significantly improved image quality metrics.

2.4. Ethical Considerations

Ethical approval for this study was obtained from
RSIGMP-SA under approval number 417/B.1-
KEPK/SA-FKG/X/2022. Permission to use patient data
was granted by hospital management to ensure privacy
and confidentiality.

3. Result and Discussion

This study was conducted from November 2022 to
January 2023 at the Sultan Agung Dental and Oral
Islamic Education Hospital (RSIGMP-SA), Semarang.
The normality test results for initial SNR, SNR after
Median Filtering (MF), initial CNR, and CNR after
Histogram Equalization (HE) indicated p > 0.05,
confirming that the data were normally distributed and
suitable for parametric analysis using the Paired T-
Test.

The effect of Median Filtering on noise reduction was
analyzed by comparing the SNR values before and
after enhancement. The Paired T-Test results showed a
calculated t value of -14.426 with p = 0.000, indicating
a statistically significant increase in SNR and
confirming that Median Filtering effectively reduces
noise on digital panoramic radiographs (Table 1).

Table 1. Paired T-Test Results for SNR and CNR

Treatments Calculated T Value  Sig. (2-tailed)
Intial SNR-SNR MF -14.426 0.000
Initial CNR-CNR HE -41.673 0.000

*HO0 Significant >0,05

The distribution of SNR values before and after
Median Filtering is presented in Table 2. Initially, the
majority of SNR values (98 out of 155) were in the low
range of 3-9, reflecting high noise levels in the original
radiographs. After applying Median Filtering, most
images shifted to higher SNR ranges, with the mean
increasing from 8.54 to 10.39, indicating a clear
reduction in noise and improvement in image quality.
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Table 2. Distribution of Initial SNR and SNR after Median Filtering

Range Data __Initial SNR  Range Data MF SNR
A (3-9) 98.00 A (4-10) 70.00
B (9-15) 53.00 B (10-15) 77.00
C (15-21) 400 C(15-22) 8.00
Total of Data 155.00 155.00
Mean 8.54 10.39

The improvement in SNR after Median Filtering can
also be visually observed in panoramic images. Figure
1 shows the average SNR before and after Median
Filtering, while Figures 2 and 3 present representative
radiographs before and after noise reduction,
respectively. Median Filtering successfully reduced
salt-and-pepper noise while preserving edge details,
providing clearer anatomical boundaries. Although
effective, Median Filtering may not completely
eliminate noise at object edges, as it primarily modifies
the central pixel values within the filtering kernel.
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Figure 1. Average SNR before and after Median Filtering.

Figure 3. Panoramic radiograph after Median Filtering.

The effect of Histogram Equalization (HE) on image
contrast was evaluated using CNR values. The Paired
T-Test showed a calculated t value of -41.673 with p =
0.000, demonstrating a significant improvement in
contrast. The distribution of CNR values before and
after HE is shown in Table 3. Initially, most CNR
values were in the lower ranges (41 in 10-35, 55 in 35—
55), indicating poor contrast. After HE, the distribution
shifted to higher ranges, with the mean increasing from
49,50 to 121.85, confirming that HE significantly
enhances image contrast.

Table 3. Distribution of Initial CNR and CNR after Histogram

Equalization

Data Distribution  Initial CNR  Data Distribution HE CNR
A (10-35) 41.00 A (34-100) 83.00
B (35-55) 55.00 B (100-200) 53.00
C (55-75) 40.00 C (200-300) 12.00
D (75-95) 15.00 D (300-400) 4,00
E (95-132) 4.00 E (400-500) 0.00

F (500-600) 2.00

G (600-732) 1.00
Total data 155.00 155.00
Average 49.50 121.85

Figure 4 illustrates the average CNR before and after
Histogram Equalization, while Figure 5 shows a
panoramic radiograph after contrast enhancement. HE
improves visibility of anatomical structures by
increasing the difference between regions of varying
brightness, although it may shift the overall brightness
toward mid-range values.
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Figure 4. Average CNR before and after Histogram Equalization.

Figure 5. Panoramic radiograph after Histogram Equalization.
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Overall, the combination of Median Filtering and
Histogram Equalization significantly improved the
quality of digital panoramic radiographs. The SNR
increase after Median Filtering reflects effective noise
reduction, while the CNR increase after Histogram
Equalization indicates enhanced contrast and clearer
object structures. MATLAB software facilitated the
quantitative evaluation of these improvements by
converting qualitative radiograph observations into
measurable SNR and CNR values. These findings
demonstrate that the proposed image enhancement
techniques can effectively improve the diagnostic
quality of digital panoramic radiographs.

3.1. Discussion

Median Filtering may be employed to reduce noise on
digital panoramic  radiographs, allowing the
radiograph's noise to be decreased and the boundaries
of objects on the radiograph to be seen clearly.
Radiograph quality can be determined by comparing
the SNR value before and after image enhancement
with Median Filtering [11]. The noise in panoramic
radiographs is salt and pepper noise. Salt and pepper
noise are black and white spots on radiographs caused
by memory damage, bit errors when sending data, and
pixels that do not work [12]. The reduced noise on
panoramic radiographs causes the SNR value to
increase after image enhancement using Median
Filtering, which means the Median Filtering SNR value
is greater than the initial SNR. The noise in the
radiograph causes the SNR value to be low; therefore,
if the noise decreases, the SNR value will increase
[13]. The advantages of Median Filtering are that it can
be accessed in a variety of software, it is more practical
and easier to use, especially in medical radiographs,
and it can reduce noise without blurring the edges of
panoramic  radiograph  objects, whereas the
disadvantage of Median Filtering is that it’s not
programmed to reduce noise on the radiograph's edges
because Median Filtering only changes the pixel values
in the middle of the matrix [14]. The improvement in
SNR values after Median Filtering is evident from the
data distribution and the average increase, which can
be seen in Table 2 and the graphical representation in
Figure 1, showing the effect of noise reduction on
image quality.

Histogram Equalization is a contrast enhancement
method that can make it more convenient to identify
objects on radiographs. The purpose of Histogram
Equalization is to increase the contrast and brightness
values from low to high [15]. The degree of difference
between two different areas on a radiograph is defined
as contrast. Contrast can be beneficial for identifying
various areas in the part to be observed; the higher the
contrast value, the greater clarity of the object will be
seen [16]. The Contrast-to-Noise Ratio (CNR) is a
method for determining contrast acuity. The increased
contrast level on the radiograph causes the CNR value

to increase after image enhancement with the
Histogram Equalization method. If the CNR value is
low, the structure of the object on the radiograph
cannot be seen clearly, and if the CNR value increases
after image enhancement, the contrast is said to
increase, allowing the structure of the object on the
radiograph to be seen more clearly [17]. The Histogram
Equalization method has the advantages of being
accessible in a wide range of software, being more
practical and simple to use, particularly in medical
radiographs, and having the ability to provide a
uniform distribution of colours [18]. Meanwhile, the
Histogram Equalization method has the disadvantage
of shifting the average value of radiograph brightness
to the middle range of brightness values [15]. The
improvement in CNR values after Histogram
Equalization can be seen in Table 3 and visually
represented in Figure 5, illustrating enhanced contrast
and clearer visualization of anatomical structures.

MATLAB (Matrix Laboratory) is software that has
many features and is referred to as the toolbox. A
toolbox is a collection of MATLAB functions designed
to help simplify the image enhancement process [19].
MATLAB can be used in medical imaging technology,
particularly medical radiographs generated from digital
radiographs. The MATLAB software used for image
enhancement can convert qualitative analysis data into
quantitative data by viewing or comparing the values
of radiograph quality parameters such as SNR and
CNR [20].

According to the findings of this study, there was a
significant difference in SNR values before and after
image enhancement was performed using the Median
Filtering method on digital panoramic radiographs,
implying that using the Median Filtering method to
reduce noise on digital panoramic radiographs had an
effect. According to the findings of this study, the SNR
value corresponds to the radiograph quality. Increasing
the SNR values after improving the quality of the
radiographs indicates less noise, making the radiograph
look smoother and better than initial radiographs [21].

According to the findings of this study, there was a
significant increase in CNR values between before and
after image enhancement using the Histogram
Equalization method on digital panoramic radiographs,
implying that there was an effect of using the
Histogram Equalization method to increase contrast on
digital panoramic radiographs. According to the
findings of the study, the CNR value corresponds to the
radiograph quality. Increasing the CNR values after
improving the quality of the radiographs indicates that
the contrast of the radiographs is better than the initial
radiographs [22].

Overall, there is an improvement in sharpness after
applying Median Filtering, and an improvement in
contrast after applying the Histogram Equalization
method to digital panoramic radiographs. The increase

Journal Medical Informatics Technology — Vol. 3, Iss. 4 (2025) 149-154

152



Moh. Yusuf, Shella Indri Novianty, and Bella Maharani

in SNR values on panoramic radiographs after Median
Filtering indicates a reduction in radiograph noise,
while the increase in CNR values after Histogram
Equalization indicates an increase in contrast on the
radiographs. These results are reflected in the relevant
tables and figures, which summarize the quantitative
changes and illustrate the visual improvements in
radiograph quality.

4, Conclusion

The results of this study demonstrate that the
application of Median Filtering (MF) and Histogram
Equalization (HE) significantly enhances the quality of
digital panoramic radiographs. Median Filtering
effectively reduces noise, as evidenced by the increase
in Signal-to-Noise Ratio (SNR), while Histogram
Equalization improves image contrast, as indicated by
the increase in Contrast-to-Noise Ratio (CNR). These
improvements can potentially enhance the accuracy

and reliability of dental radiology diagnoses by
providing clearer visualization of anatomical
structures.

However, this study has several limitations. The
radiographs were converted to JPEG format, which
may introduce minor compression artifacts, and the
study did not compare MF with other noise reduction
filters. Future research could explore alternative image
formats and compare different filtering techniques to
optimize radiograph enhancement further.

References

[1] F. R. Karjodkar, Textbook of Dental and Maxillofacial
Radiology, 2nd ed. Mumbai Maharashtra India: JAYPEE

Brothers Medical Publisher (P) Ltd, 2011.

L. T. Hadad, D. D. Saraswati, and D. Lesmana, “Visibility
type of the mental foramen towards mandibular canal from
panoramic radiography according to age and sex,” Jurnal
Kedokteran Gigi Universitas Padjadjaran, vol. 34, no. 3, p.
177, Dec. 2022, doi: 10.24198/jkg.v34i3.37677.

[2]

[3] J. C. M. Romaén et al., “Panoramic Dental Radiography Image
Enhancement Using Multiscale Mathematical Morphology,”
Sensors, vol. 21, no. 9, p. 3110, Apr. 2021, doi:

10.3390/521093110.
(4]

N. Amalia and D. Aina Sari, "Implementasi Metode
Contraharmonic Mean Filter Untuk Mereduksi Noise Citra
Yang Diambil Pada Malam Hari," Semin. Nas. Teknol.
Komput. Sains, vol. 1, no. 1, pp. 397-400, 2020. [Online].
Available: http://prosiding.seminar-

id.com/index.php/sainteks/article/view/468

[5] C. Wulandari, E. Suryani, and U. Salamah, "Segmentasi Citra
Menggunakan Haar Wavelet Untuk Deteksi Penyakit Thc Dari
Citra Bernoise,” ITSmart: Jurnal Teknologi dan Informasi,

vol. 3, no. 1, pp. 9-15, 2016, doi: 10.20961/its.v3i1.640.

S. Oh, J. H. Kim, S.-Y. Yoo, T. Y. Jeon, and Y. J. Kim,
“Evaluation of the image quality and dose reduction in digital
radiography with an advanced spatial noise reduction
algorithm in pediatric patients,” European Radiology, vol. 31,
no. 12, pp. 8937-8946, May 2021, doi: 10.1007/s00330-021-
07942-6.

I. B. Yuksel, F. Altiparmak, G. Gurses, A. Akti, M. Alic, and
S. Tuna, “Radiographic Evidence of Immature Bone

(6]

[71

(8]

(9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

Architecture After Sinus Grafting: A Multidimensional Image
Analysis Approach,” Diagnostics, vol. 15, no. 14, p. 1742, Jul.
2025, doi: 10.3390/diagnostics15141742.

A. N. Asti, R. Passarela, and S. Sutarno, “Pengolahan Citra
Radiograf Panoramik Pada Deteksi Filling Gigi Manusia,”
Generic, vol. 14, no. 1, pp. 13-18, Jan. 2022, doi:
10.18495/generic.v14i1.125.

. W. A, W. Kusuma and A. Kusumadewi, ‘“Penerapan Metode
Contrast Stretching, Histogram Equalization Dan Adaptive
Histogram Equalization Untuk Meningkatkan Kualitas Citra
Medis Mri,” Simetris: Jurnal Teknik Mesin, Elektro dan limu
Komputer, vol. 11, no. 1, pp. 1-10, 2020, doi:
10.24176/simet.v11i1.3153.

M. Fratini et al., “Optimising sample preparation to enhance
contrast-to-noise ratio in X-ray phase contrast tomography
white matter (WM) imaging of the central nervous system,”
Frontiers in  Physics, wvol. 13, Jun. 2025, doi:
10.3389/fphy.2025.1479573.

N. L. Kartika Sari, R. D. Iriani, and B. Santoso, “Evaluasi
Teknik Filtering Contrast Enhancement dan Edge Sharpening
untuk Pengolahan Citra Ultrasonografi Prostat,” Jurnal Iimiah
Giga, wvol. 24, no. 1, p. 1, Jun. 2021, doi:
10.47313/jig.v24i1.1076.

E. P. S. Situmorang, N. A. Hasibuan, and S. R. Siregar,
“Implementasi Pengurangan Noise Pada Citra Rontgen Paru
Menggunakan  Metode  Filter ~ Adaptive-Hierarchical,”
Resolusi : Rekayasa Teknik Informatika dan Informasi, vol. 2,
no. 3, pp. 116-120, Jan. 2022, doi:
10.30865/resolusi.v2i3.308.

S. Nizar, F. Fatimah, and 1. Kartili, “Pengaruh Variasi Time
Repetition (TR) Terhadap Kualitas Citra dan Informasi Citra
Pada Pemeriksaan MRI Lumbalsekuens T2 FSE Potongan
Sagital,” Jurnal Imejing Diagnostik (JImeD), vol. 5, no. 2, p.
89, Jul. 2019, doi: 10.31983/jimed.v5i2.4473.

A. Shah et al., “Comparative analysis of median filter and its
variants for removal of impulse noise from gray scale images,”
Journal of King Saud University - Computer and Information
Sciences, vol. 34, no. 3, pp. 505-519, Mar. 2022, doi:
10.1016/j.jksuci.2020.03.007.

A. A. Riadi and A. A. Chamid, “Image Brightness
Improvement Analysis Using HE, AHE, and ESIHE
Comparison Methods,” Jurnal Transformatika, vol. 18, no. 1,
pp. 102-107, 2020, doi: 10.26623/transformatika.v18i1.2370.

A. Sudin, H. Widiyandari, and Z. Mubhlisin, “Studi Pengaruh
Ukuran Pixel Imaging Plate,” Youngster Physics Journal, vol.
4, no. 3, hal. 225-230, 2015, [Online]. Awvailable
https://www.neliti.com/id/publications/192050/studi-
pengaruh-ukuran-pixel-imaging-plate-terhadap-kualitas-citra-
radiograftcite

N. P. E. Wibowo, Susilo, and Sunarno, “Uji Profisiensi Citra
Hasil Eksposi Sistem Radiografi Digital di Laboratorium
Fisika medik UNNES,” Unnes Physics Journal, vol. 5, no. 1,
pp. 23-29, 20186, [Online]. Auvailable:
https://journal.unnes.ac.id/sju/index.php/upj/article/view/1853
7.

P. Pangestu, “Penerapan Histogram Equalization pada Optical
Character Recognition Preprocessing,” Ultim. J. Tek. Inform.,
vol. 7, no. 1, pp. 27-34, 2015, doi: 10.31937/ti.v7i1.346.

G. K. IJjemaru et al., “Image processing system using
MATLAB-based analytics,” Bulletin of Electrical Engineering
and Informatics, vol. 10, no. 5, pp. 25662577, Oct. 2021, doi:
10.11591/eei.v10i5.3160.

E. D. U. ljaz, E. A. ljaz, D. F. G. Ali Igbal, and M. Hayat,
"Quantitative Analysis of Image Enhancement Algorithms for
Diverse Applications,” International Journal of Innovations in

Journal Medical Informatics Technology — Vol. 3, Iss. 4 (2025) 149-154

153



Moh. Yusuf, Shella Indri Novianty, and Bella Maharani

Science & Technology, vol. 5, pp. 694-707, 2023.

[21] M. Irsal, M. R. Alfajri, V. D. Ananta, K. Anwar, and S.
Sriyatun, “Optimasi Penggunaan Faktor Eksposi Pemeriksaan
Ossa Manus dengan Kualitas Citra Objektif dan Subjektif,” J.
Kesehat., vol. 12, no. 3, pp. 359-365, Nov. 2021, doi:
10.26630/jk.v12i3.2653.

[22] A. de L. Bastos and M. do S. Nogueira, “Image quality in
diagnostic radiology: a guide to methodologies for
radiologists,” Radiologia Brasileira, vol. 58, 2025, doi:
10.1590/0100-3984.2024.0088-en.

Journal Medical Informatics Technology — Vol. 3, Iss. 4 (2025) 149-154

154



