
Imajo et al. Egypt J Radiol Nucl Med            (2024) 55:4  
https://doi.org/10.1186/s43055-023-01176-w

RESEARCH Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

Egyptian Journal of Radiology
and Nuclear Medicine

Evaluating the index of panoramic X‑ray 
image quality using K‑means clustering method
Satoshi Imajo1,2, Yoshinori Tanabe3*   , Nobue Nakamura1, Mitsugi Honda1 and Masahiro Kuroda3 

Abstract 

Background  A panoramic X-ray image is generally considered optimal when the occlusal plane is slightly arched, 
presenting with a gentle curve. However, the ideal angle of the occlusal plane has not been determined. This study 
provides a simple evaluation index for panoramic X-ray image quality, built using various image and cluster analyzes, 
which can be used as a training tool for radiological technologists and as a reference for image quality improvement.

Results  A reference panoramic X-ray image was acquired using a phantom with the Frankfurt plane positioned hori-
zontally, centered in the middle, and frontal plane centered on the canine teeth. Other images with positioning errors 
were acquired with anteroposterior shifts, vertical rotations of the Frankfurt plane, and horizontal left/right rotations. 
The reference and positioning-error images were evaluated with the cross-correlation coefficients for the occlusal 
plane profile, left/right angle difference, peak signal-to-noise ratio (PSNR), and deformation vector fields (DVF). The 
results of the image analyzes were scored for positioning-error images using K-means clustering analysis. Next, we 
analyzed the correlations between the total score, cross-correlation analysis of the occlusal plane curves, left/right 
angle difference, PSNR, and DVF. In the scoring, the positioning-error images with the highest quality were the ones 
with posterior shifts of 1 mm. In the analysis of the correlations between each pair of results, the strongest correlations 
(r = 0.7–0.9) were between all combinations of PSNR, DVF, and total score.

Conclusions  The scoring of positioning-error images using K-means clustering analysis is a valid evaluation indicator 
of correct patient positioning for technologists in training.
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Background
In dentistry, panoramic X-ray imaging provides a com-
prehensive view of all teeth, helping detect lesions in the 
oral region effectively [1]; this imaging modality scans the 
oral and maxillofacial areas using the tomographic tech-
nique with a narrow-slit X-ray beam [2].

This technique allows to image specific tomographic 
planes by selecting an appropriate trajectory of the rotat-
ing X-ray beam, while irrelevant adjacent and overlap-
ping cross-sections are blurred in the resulting image 
[1]. With this imaging method, the blurred areas and 
the regions out of focus differ depending on the X-ray 
incidence angle and on the jaw shape. Thus, an accurate 
positioning technique should be adopted by radiological 
technologists to obtain high-quality images [3].

The imaging method for panoramic radiograms uses 
different tomographic widths depending on the posi-
tion of the image focus in relation to the dentition in 
several rotational activations. Moreover, the degree of 
image blurring of panoramic X-ray images depends on 
the different distance between the image receptor and 
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the anterior segment of the dental arch possibly due to 
positioning errors [4]. The methods previously proposed 
to evaluate positioning errors include the peak signal-
to-noise ratio (PSNR), which examines the image signal 
quality and legibility, and frequency analysis, evaluating 
the images in the frequency domain [5, 6].

A panoramic X-ray image is generally considered opti-
mal when the occlusal plane is slightly arched, present-
ing with a gentle curve or “smile line” [7, 8]. However, 
the ideal angle of the smile line for the occlusal plane 
relate to diagnostic ability and image quality has not been 
determined [9, 10]. Moreover, few reports have objec-
tively evaluated the relationship between the angle of 
the occlusal plane and the visibility of the teeth crowns, 
roots, alveolar bone, and lesions [8]. Inadequate images 
may be caused by differences in the rotational trajectories 
of the X-ray machines or positioning errors [9]. However, 
evaluating the varying image quality due to small rota-
tional deviations or positioning errors is challenging [9, 
10]. A previous study examined the image quality for the 
classification of dental problems using deep learning [11]; 
nonetheless, the image quality may be improved by repo-
sitioning the panoramic X-ray machine and understand-
ing the relationship between the specific smile-line angle 
and image quality. This knowledge may also improve the 
image reproducibility among different technicians in 
clinical practice.

Positioning errors may occur in several dimensions, 
such as the center of the tomographic field not corre-
sponding to the anatomical center, vertical misalign-
ments, and rotational differences [8, 11]. An objective 
evaluation of the influence of each type of error may help 
improve the quality of panoramic X-ray images. Deform-
able image registration (DIR) is a process to evaluate 
misalignment by comparing the images to a reference, 
helping detect tooth enlargements or misalignments due 
to imaging differences [12, 13]. The advantage of DIR has 
numerical value of the deformation vector field (DVF) 
which results of warp between the reference and posi-
tioning error images [12, 13].

The most appropriate angle of the occlusal line in a 
panoramic X-ray image has not been defined, and thor-
oughly evaluating and comparing the quality of these 
images is difficult. In addition, these radiographs are 
often acquired in series for a patient and compared over 
time; therefore, image reproducibility is essential [14, 15]. 
Therefore, we evaluated the effect of slight positioning 
errors on the image quality using a phantom and cross-
correlation coefficients of the occlusal plane profile, left/
right angle difference, PSNR, and vector displacement of 
the images [5, 12]. To the best of our knowledge, no pre-
vious reports evaluated the image quality using DIR and 
PSNR or used image evaluation to improve the quality of 

these images. This study provides a simple index to eval-
uate panoramic images at the time of acquisition and can 
be used as a training tool for radiological technologists to 
improve image quality [11, 16].

Methods
Reference image
The panoramic X-ray images were acquired using a pano-
ramic machine (Morita, Kyoto, Japan) and a human-bones 
phantom, with the Frankfurt plane positioned horizon-
tally, and the frontal plane centered on the canine teeth. 
We followed previously established guidelines for an ideal 
image, with the occlusal plane displayed as a slight curve 
or smile line and the mandible presenting as U-shaped [8]. 
The workflow of this study is illustrated in Fig. 1.

Images with positioning errors
Three groups of images with positioning errors were 
acquired, as shown in Fig. 1. First, the center of the fron-
tal plane was shifted from the canine teeth anteriorly or 
posteriorly by 1, 2, 3, 4, and 5  mm. Then, images with 
high and low chin misplacement were acquired by rotat-
ing the Frankfurt plane vertically by 2°, 4°, 6°, 8°, and 
10°. Finally, images with right/left head rotation were 
acquired by rotating the phantom on the horizontal plane 
by 2°, 4°, 6°, 8°, and 10° in either direction. These images 
were evaluated for occlusal plane profile, angle difference 
between left and right sides, PSNR, and deformation 
vector fields (DVF) using ImageJ/Fiji (version: 1.53f51, 
National Institutes of Health, Bethesda, MD, USA).

Cross‑correlation analysis of the occlusal planes 
between the reference and positioning‑error images
The occlusal plane profiles of the positioning-error 
images were plotted three times by a radiological tech-
nologist using ImageJ/Fiji, and the measures were aver-
aged (Fig. 2). The cross-correlation coefficients between 
the curve of the reference image and those of the 
positioning-error images were calculated (Fig.  2). The 
cross-correlation coefficients were calculated using the 
following equation:

The left/right angles of each image were calculated 
from the curve of the occlusal plane, as shown in Fig. 1. 
Moreover, the differences in the angles between the 
reference image and positioning-error images were 
determined.

(1)

Cross− correlation coefficient (X ,Y ) =
(x − x) y− y

(x − x)2 (y− y)2
.
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Fig. 1  The study workflow

Fig. 2  Parameters used for evaluation. a Profile and angles of the occlusal plane in the reference panoramic X-ray image. b Profile and angle 
of the occlusal plane in an image with superior rotation. c Setting of the region of interest in the reference image. d Setting of the region of interest 
in an image with superior rotation
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PSNR analysis of the positioning‑error images 
and calculation of the DVF
The reference and positioning-error images were divided 
into three regions of interest (ROIs) for these analyzes 
(region size: 10 cm × 15 cm, position: right premolars and 
molars 4, 5, 6; incisors 2, 2; left premolars and molars 4, 
5, 6), as shown in Fig. 2. The PSNR was calculated in each 
ROI using the following equation:

where MAX is the maximum possible pixel value of the 
image, and MSE is the mean squared error between the 
original and the corrupted signals.

Additionally, the positioning-error images were reg-
istered to the reference image in the three regions per-
forming DIR with the bUnwarpJ algorithm of ImageJ/
Fiji [17, 18]. The DVF was calculated to match any point 
of the deformed image with the corresponding point on 
the reference image using B-spline deformation [13, 17]. 
The displacement error obtained after deforming the 
positioning-error image with the vector field was used to 
create a vector map. The DVF was calculated using the 
following equation:

where Id(x) is the point coordinate on the reference 
image, and Iid(x) is the corresponding target point coor-
dinate on the positioning-error image.

The results of the cross-correlation analysis of the 
occlusal plane curves, left/right angle difference, PSNR, 
and DVF for the three ROIs were averaged to obtain the 
result of each evaluation. The PSNR was used evaluation 
of the blur image due to positioning error and shifts from 
the fault zone [5, 10]. The DVF was used evaluation of the 
displacement due to positioning error for the rotational 
trajectories and the shift of midsagittal plane [10, 13].

Scoring of positioning‑error images using the K‑means 
clustering analysis
The results of the image analysis were divided into 
three groups (group A: cross-correlation analysis of the 
occlusal plane curves and left/right angle difference; 
group B: PSNR, group C: group B and DVF). These 
groups were used to define clusters of results using a 
k-means clustering analysis. The k-means clustering 
analysis was performed in three different ways (number 
of clusters: 5, 10, and 15). The results of these three ana-
lyzes were scored based on the category of the highest 
cross-correlation coefficient, and the scores of the three 
analyzes were summed for each of the three groups. 

(2)PSNR = 10× log10
MAX

2

MSE
,

(3)DVF =

1

#�

∑

x∈�

[Id (x)− Ii d(x)]2,

Furthermore, we summed the total scores of the three 
groups for each image analysis and evaluated them on 
a three-grade scale (〇: ≥ 80%, △: ≥ 60%, and × : < 60%), 
based on the percentage of the maximum quality. Next, 
we analyzed the correlations between the total score 
of the three groups (cross-correlation analysis of the 
occlusal plane curves, left/right angle difference, PSNR, 
and DVF). The Pearson’s linear correlation coefficients 
(r) were determined using JMP Pro 15 statistical software 
(SAS, Cary, NC, USA).

Results
Overall, the image quality decreased in relation to the 
amount of translation and rotation of the position-
ing error; the cross-correlation coefficients and PSNR 
decreased, while the left/right angle differences and DVF 
increased. The complete results are reported in Table 1.

The cross-correlation coefficients of the occlusal plane 
profile showed the highest value with a 1-mm posterior 
shift (r = 0.999), and the lowest value with a superior rota-
tion (high chin) of 10° (r =  − 0.267). Figure  3 shows the 
occlusal plane profiles with inferior and superior rota-
tions and the relative changes compared to the reference 
image. In the analysis of each parameter, the lowest score 
for the left/right angle difference (10.61°) was obtained 
with a 10° superior rotation; for the PSNR (15.8 dB) with 
a 10° right rotation, and for the DVF (596.5) with a 10° 
left rotation.

In the cluster analysis using cross-correlation coef-
ficients, left/right angle difference, PSNR, and DVF, the 
highest scores were obtained in the image with 1-mm 
posterior shift. The 2° right-rotation image had the sec-
ond overall highest scores; however, the DVF showed 
higher deformations (89.4 vs. 22.5 of the aforementioned 
image). The results of the cluster analysis were quanti-
fied and categorized on a three-grade scale; the images 
with posterior shifts of 1–4 mm had the highest quality 
(≥ 80%).

In the analysis of the correlations between each pair 
of results, the strongest correlations (r = 0.7–0.9) were 
between all combinations of PSNR, DVF, and group 
results of cluster analysis, and between the total score of 
group A for cluster analysis and left/right angle differ-
ences (Table 2, Fig. 4). In contrast, the cross-correlation 
coefficients of the occlusal plane profile had weak corre-
lations with the PSNR (r = 0.362) and DVF (r =  − 0.398). 
The left/right angle differences had a moderate or high 
correlation with all image analyzes and scores.

As shown in Fig. 4a, the weak correlation between the 
cross-correlation coefficients of the occlusal plane profile 
and the total score of group C was an effect of the outlier 
for the 10° superior rotation.
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Discussion
In this study, we proposed a method for the objective 
evaluation of image quality in relation to positioning 
errors in panoramic X-ray imaging, using K-means clus-
tering analysis and various types of image analysis.

Overall, the cross-correlation coefficients of the 
occlusal plane profile, left/right angle differences, 
PSNR, and DVF all indicated a lower image quality cor-
related with the amount of translation and rotation in 
the positioning-error images. In particular, the vertical 
rotations were the positioning errors with the great-
est effect on the left/right angle difference due to the 
Frankfurt line deviation from the horizontal plane. In 
contrast, the DVF was affected mostly by the horizontal 

rotations, resulting in deformations and blurring due to 
the deviation from the tomography rotation axis [19]. 
The horizontal rotations affected each image analysis 
result possibly due to the uneven bone structure of the 
phantom.

The total score of the K-means cluster analysis indi-
cates the overall deterioration of the image quality as a 
numerical value [20, 21]; this three-grade scale and the 
total score could also be used for the evaluation during 
the training of new radiological technicians. The three-
grade scale and the total score should be adjusted for 
each facility due to differences in phantom shapes and 
rotational trajectories; nonetheless, accuracy is required 
to avoid positioning errors. In addition, this scoring can 

Table 1  Image quality parameters of panoramic X-ray images with positioning errors

a Cross-correlation analysis of the occlusal plane curves and left/right angle difference; bPSNR; cgroup B and DVF; d〇: ≥ 80%; △: ≥ 60%; × : < 60%. PSNR: peak signal-to-
noise ratio; DVF: deformation vector fields

Positioning error Cross-
correlation 
coefficient

Mean angle 
difference 
between left and 
right (°)

Mean PSNR Mean DVF Cluster analysis: Total score Overall 
quality 
classdGroup Aa Group Bb Group Cc

Anterior shift 1 mm 0.998 0.98 23.3 31.4 25 26 30 〇
2 mm 0.996 1.66 21.7 48.7 25 21 25 △
3 mm 0.994 2.26 21.0 70.9 25 19 21 △
4 mm 0.993 2.25 21.0 191.8 24 19 21 △
5 mm 0.985 2.80 20.9 271.5 20 19 20 △

Posterior shift 1 mm 0.999 0.20 27.1 22.5 30 30 30 〇
2 mm 0.997 0.60 25.0 26.8 30 30 21 〇
3 mm 0.998 1.16 22.4 40. 9 25 27 25 〇
4 mm 0.996 1.22 21.2 58.7 25 25 25 〇
5 mm 0.995 1.54 20.6 176.4 24 25 21 △

Superior rotation 2° 0.995 2.63 22.4 84.1 24 24 20 △
4° 0.986 3.55 18.9 121.4 20 16 23 △
6° 0.828 5.56 18.0 243.8 9 6 8  × 

8° 0.691 6.25 17.7 364.5 6 6 5  × 

10° -0.267 10.61 16.0 426.3 3 3 4  × 

Inferior rotation 2° 0.985 0.02 18.5 186.1 21 19 21 △
4° 0.984 2.49 18.4 220.2 11 18 23  × 

6° 0.983 4.61 18.1 260.5 9 17 21  × 

8° 0.983 6.03 17.3 322.9 13 17 21  × 

10° 0.977 7.73 16.8 353.8 13 16 15  × 

Right rotation 2° 0.996 0.52 24.9 89.4 29 27 30 〇
4° 0.978 1.42 20.0 97.2 23 18 21 △
6° 0.959 2.43 19.8 191.4 16 11 16  × 

8° 0.951 2.77 18.1 234.0 15 11 16  × 

10° 0.948 4.33 15.8 391.9 10 9 12  × 

Left rotation 2° 0.996 0.32 22.1 52.0 24 22 30 △
4° 0.976 1.28 21.6 122.0 24 22 22 △
6° 0.971 1.48 18.8 215.4 15 13 16  × 

8° 0.963 2.04 17.5 353.4 16 13 14  × 

10° 0.960 2.17 16.4 596.5 12 13 14  × 
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be used for the evaluation of optimal rotation trajectories 
among different panoramic X-ray machines.

In this study, the posterior shifts were the positioning 
errors maintaining the highest total score. Therefore, 
when the correct positioning is challenging, such as in 
patients without canines or after jaw deformity surgery, 
centering the frontal plane on the third tooth with a pos-
terior rather than anterior shift may provide images with 
negligible quality deterioration.

The cross-correlation coefficient of the occlusal plane 
profile had a weak correlation with the PSNR and DVF. 
The left/right angle difference was moderately correlated 
with the PSNR, DVF, and cluster analysis results. The 
left/right angle difference caused by positioning errors 
may be evaluated with a simple index; however, a minor 
angle deviation of the occlusal plane profile is not an 
issue. The PSNR allows to quantify the image blur, and 

the DVF evaluates the direction of the required posi-
tioning-error correction using a vector map [5, 10]. The 
correlation coefficient between the total score and DVF 
was high, and the DIR vector map may visually show the 
required correction of the positioning error.

This study has some limitations. First, the inconsist-
encies of the image analysis results using only one kind 
of phantom and panoramic X-ray machine were due to 
the structural deviations of the phantom and restric-
tions on the rotational trajectory of the apparatus. The 
number of samples is small to achieve an absolute evalu-
ation indicator for the positioning error. However, this 
method can be used by instructors to acquire reference 
images for each facility for the training of new technolo-
gists. Moreover, the images were acquired using a phan-
tom instead of using clinical images; therefore, the effect 
of individual tooth and bone shape differences could not 

Fig. 3  Changes in the profile of the occlusal plane and examples of the profile in panoramic X-ray images. a Inferior rotation. b Superior rotation. c 
The smile line in the reference image. d The profile in a superior-rotation image

Table 2  Correlation coefficients for the relationship between evaluation indices

a Cross-correlation analysis of the occlusal plane curves and left/right angle difference; bPSNR; cgroup B and DVF. PSNR: peak signal-to-noise ratio; DVF: deformation 
vector fields

Cross-
correlation 
coefficient

Average angle difference 
between right and left (°)

Average PSNR DVF Cluster analysis

Group Aa Group Bb Group Cc

Cross-correlation coefficient –  − 0.649 0.362  − 0.398 0.535 0.545 0.596

Average angle difference 
between left and right (°)

 − 0.649 – -0.648 0.603  − 0.772  − 0.617  − 0.659

Average PSNR 0.362  − 0.648 –  − 0.835 0.886 0.858 0.756

DVF  − 0.398 0.603 -0.835 –  − 0.827  − 0.758  − 0.753

Cluster analysis: group Aa 0.535  − 0.772 0.886  − 0.827 – 0.895 0.813

Cluster analysis: group Bb 0.545  − 0.617 0.858  − 0.753 0.895 – 0.877

Cluster analysis: group Cc 0.596  − 0.659 0.756  − 0.758 0.813 0.877 –
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be considered. In addition, the influence of complex posi-
tioning errors was not evaluated. For future studies, the 
cross-correlation coefficients of occlusal plane profiles 
and left/right angle differences must be evaluated using 
clinical images of patients to obtain more reliable data.

Panoramic X-ray images have been studied using artifi-
cial intelligence [22], and several methods have been used 
to evaluate the image quality. Our study provides a sim-
ple reference for radiological technologists to understand 
the effect of positioning errors and different occlusal 
plane angles on the image quality.

Conclusions
The differences in occlusal plane angle, left/right angle 
difference, and PSNR caused by positioning errors in 
panoramic X-ray imaging showed a strong correlation 
with image deformations. The total score of the K-means 
cluster analysis is a valid evaluation of the patient posi-
tioning for technologists in training.
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PSNR	� Peak signal-to-noise ratio
DIR	� Deformable image registration
DVF	� Deformation vector field
ROI	� Regions of interest
MAX	� Maximum
MSE	� Mean squared error
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