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Abstract— Computed tomography (CT) employs X-ray 

radiation to generate cross-sectional images. This article is 

concerning the ImageJ software and statistical analysis to aid 

CT image analysis. In this particular study, the ImageJ 

software and the Independent t-test were used as the 

combined methods to analyze the beam hardening artifact and 

image noise in dual energy images compared to the images 

acquired in single energy CT. High attenuation material 

(gypsum) had inserted in the peripheral holes of CT dose 

index phantom. The phantom was scanned using routine head 

protocol parameters for both single and dual energy CT. The 

quantitative analyses were carried out using the Image J 

software and Independent t-test. The results showed that the 

beam hardening artifact (p < 0.05) is observed in single 

energy CT images, but did not in images acquired by dual 

energy CT. The t-test results also showed that were no 

significant difference in image noise between single and dual 

energy CT images (p = 0.1). Therefore, ImageJ software and 

statistical results demonstrate the utility of single source dual 

energy CT technique to reduce the beam hardening artifact 

without improving the image noise. 

Keywords—Beam Hardening Artifact, Computed 

Tomography, Statistical Analysis. 

I. INTRODUCTION 

Computed tomography scan (CT) is a cross-sectional 

medical imaging technology that uses computer to scan the 

inner parts of the body. This technology creates data 

depending on the variation in attenuation levels of the 

scanned area. CT devices are generally founded in diagnostic 

radiology departments and might be accessed in the therapy 

department. Diagnostic and classification of disease by CT 

imaging depends on structural and morphologic standards 

such as, texture, tissue attenuation and size [1, 2]. Therefore, 

CT provides accurate localization and characterization of 

findings that lead to increase the clinical applications of CT.  
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For example, CT can diagnose different types of diseases 

such as; gastric pathology, vascular diseases, lung and renal 

diseases, head injuries and various types of tumors and lesions 

[3-5]. 

 CT is classified according to the energy technology into; 

single energy CT (SECT) and dual energy CT (DECT). The 

DECT produces two attenuation levels that construct of two 

datasets information for the same scanned area. These images 

will be created by low and high X-ray energies [6]. In single 

source DECT, different two datasets will be reconstructed 

algorithmically for 80 kVp and 140 kVp to create the final 

image which approximately equivalent to image of 120 kVp 

[7]. As a result, the single source DECT has more advantages 

to improve image quality over SECT. For example, the DECT 

has been developed additional techniques to reduce the 

radiation dose level and increase image quality at the same 

time by reduction the number of slices and correct beam 

hardening artifact [6, 8-10]. 

Beam hardening artifact and image noise impact the image 

quality and the diagnostic information in CT images. The 

beam hardening artifact appears as streaks distributing area 

that surround high attenuation material. It is the result of 

variation in mathematical algorithm between low and high 

density objects in the area of scan. The DECT constructs two 

datasets information for the same anatomical region. This 

information can be used to derive virtual monochromatic 

images, which do not suffer from beam hardening artifact [11, 

12].  

Image noise is one of the most important indexes that 

express the CT image quality. It is based on the variation in 

CT number values for uniform anatomical area. Therefore, the 

noise can be defined statistically based on standard deviation 

(SD) for pixel intensity values in a physical uniform region 

[13, 14]. Consequently, the noise decreases as the SD for 

pixel value decreases. There are a number of studies have 

been conducted to study the image noise in the SECT and 

DECT examinations [11, 15-18]. Therefore, the main aim of 

this study is to investigate and compare the beam hardening 

artifact and the image noise in SECT and DECT images using 

the ImageJ software and t-test function. 
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II.  MATERIALS AND METHODS 

This study was conducted at the CT scan unit, Hospital 

Perubatan dan Pergigian Termaju (IPPT), Malaysia. The 

study was used the CT Adult Head Dose Phantom (CTDI) as 

shown in Figure 1. The phantom was designed according to 

standards and criteria of Food and Drug Administration 

(FDA). It was made from solid acrylic in circular cylinder 

shape (160 mm diameter and 150 mm in height). The high 

attenuation material (gypsum) was inserted at two peripheral 

holes of the phantom. The phantom was scanned with a single 

source dual energy CT scanner (SOMATOM Definition AS+, 

Siemens 2014 serial number: 95187,Germany) to produce 

different DICOM CT images. Afterward, the phantom was 

placed in the center of the field to scan a topogram image and 

set the protocol parameters that they are shown in the table 1. 

The DECT head adult protocol parameters were employed to 

generate axial DECT images at 80 & 140 kVp. On the other 

side, the DECT scanner was used as a SECT by adapting the 

SECT adult head protocol to create axial images at 120 kVp. 

The DICOM images were collected and ImageJ software 

program, which established at the National Institutes of 

Health (NIH) based on java application, was performed to 

determine the pixel intensity at slice number 20 with depth 

7.6 cm. However, the ImageJ was performed in our study to 

calculate the pixel intensity and the SD values for each of 

DECT and SECT images at regions of interest (ROIs) as 

shown in Figure 2. 

The statistical analysis was performed using independent t-

test to compare the effect of beam hardening artifact an image 

noise in SECT and DECT images. The t-test was employed to 

find out the significance in variability between means of 

samples. The probability value (p) equals to 0.05 is 

considered as the significant level value. Afterward, The CT 

images were collected and the software program ImageJ was 

used to determine the pixel values at the ROIs. In this study, 

all measurements that were obtained by the ImageJ program 

were keyed in Microsoft Excel 2010 sheets. Then, the 

statistical analysis to compare between the acquired data was 

done using t-test function. 

 

 

Fig. 1 Adult head CT dose phantom (CTDI) (CT department) 

 

Fig. 2 Regions of interest (ROIs-1 and ROI-2) were used for beam 

hardening artifact assessment. Regionsof interest (ROI-3) was used 

to measure the standard deviation (Image noise measurements) 

 
TABLE I 

DUAL AND SINGLE ENERGY CT HEAD PROTOCOLS 

Parameters Head Protocol Dual Energy CT Head Protocol Single Energy CT 

Scan mode Spiral Spiral 

Tube voltage (kVp) 80 and 140 120 

Tube Current (mAs) 

Pitch 

Auto ª 

1.2 

Auto ª 

0.55 

Slice Thickness (mm) 5 5 

Rotation time (s) 0.5 1 

Acquisition Collimation (mm) 40 x 0.6 40 x 0.6 

Window Base Orbita Base Orbita 

CARE Dose type CARE Dose4D CARE Dose4D 

 ªAutomatic Tube Current Modulation. 
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III. RESULTS AND DISCUSSING 
 

The gypsum has high atomic number which provides high 

pixel intensity value in comparison with the material of CTDI 

phantom. As a result, the region which surrounded the 

gypsum shows dark streaks artifact and the region at the 

homogeneous area of phantom did not show the artifact. As 

shown in Fig.2 (previous section), the ROIs-I represent 

samples taken from where the beam hardening artifact is 

possible to appear. While ROI-II represents samples taken 

from where the beam hardening does not appear. The 

quantitative results demonstrated that p value between ROIs 

for SECT image was less than 0.05. This means there is a 

significant difference between the pixel intensity values for 

region of beam hardening artifact and region of the 

homogeneous area in SECT image. The variation within and 

between the ROIs-1 and the ROI-2 for SECT image 

statistically indicated that the SECT image suffers from the 

beam hardening artifact. On the other hand, the p value of 

DECT image between ROIs-I and ROI-II was greater than 

0.05, so there are no significant differences between the pixel 

intensity values for the two regions. In other words, the 

regions which surrounded the gypsum materials did not show 

dark streaks in DECT image, but they were apparent in SECT 

image. Thus, this part of our study indicated that single source 

DECT solves the beam hardening artifact in comparison with 

SECT. 

This experiment investigated the differential of 

impact noise levels by comparing the SD values in DECT and 

SECT images. The imageJ calculated the image noise in CT 

images by measuring the mean SD values at region of interest 

(ROI-3: Fig 2). The calculated SD values were 3.71 and 3.87 

for DECT and SECT images, respectively. These results 

showed that no major variation between SD values and there 

is a slightly difference in image noise level between the two 

images. Statistically, two statistic samples were taken at two 

regions of interest (ROI-3) for DECT and the SECT images. 

The result of p value between ROI-3 DECT and ROI-3 SECT 

is 0.1 (greater than 0.05). Therefore, there is no significant 

difference between the pixel intensity values for the two 

regions. Thus, this part of our study demonstrates that single 

source DECT technique does not reduce the CT image noise 

significantly. 

IV. CONCLUSIONS  

This study statistically investigated the role of dual energy 

technique to improve the image quality in CT examinations. 

The first major finding of our experiment is that DECT 

corrects the beam hardening effect. The artifacts are shown in 

the images of SECT and it is noticeable that they do not 

appear on the images of DECT. The quantitative results have 

indicated that the DECT improve the CT image by reducing 

the beam hardening effect. Based on statistical results and 

standard deviation measurements, the second finding in our 

study is that the single source DECT stills have approximately 

the same image noise level in SECT. Therefore, the overall 

study’s results demonstrate the role of single source DECT in 

correction the beam hardening artifact without make a 

significant improving on the image noise. 

ACKNOWLEDGEMENTS 

The support of this study under USM RUI GRANT 

1001/PFIZIK/811345 by Universiti Sains Malaysia is 

gratefully acknowledged. 

REFERENCES 

[1] Jaffray, D.A., J.H. Siewerdsen, J.W. Wong and A.A. Martinez, ” Flat-
panel cone-beam computed tomography for image-guided radiation 

therapy,” International Journal of Radiation Oncology* Biology* 
Physics, vol. 53, pp. 1337-1349, 2002. 

[2] Marshall, C.H., ” Principles of computed tomography,” Postgraduate 

medicine, vol. 60, pp. 105-109, 1976. 
[3] Korobkin, M., E. White, H. Kressel, A. Moss, et al., ” Computed 

tomography in the diagnosis of adrenal disease,” American Journal of 

Roentgenology, vol. 132, pp. 231-238, 1979. 
[4] Horger, M. and R. Bares. “The role of single-photon emission 

computed tomography/computed tomography in benign and malignant 

bone disease.” in. 2006 Seminars in nuclear medicine.  286-294. 
[5] Wank, S., J. Doppman, D. Miller, M. Collen, et al., ” Prospective 

study of the ability of computed axial tomography to localize 

gastrinomas in patients with Zollinger-Ellison syndrome,” 
Gastroenterology, vol. 92, pp. 905-912, 1987. 

[6] Fornaro, J., S. Leschka, D. Hibbeln, A. Butler, et al., ” Dual-and 

multi-energy CT: approach to functional imaging,” Insights into 
imaging, vol. 2, pp. 149-159, 2011. 

[7] Panknin, C., S.C. Manager, S. Healthcare and C. Radiologist, ” Dual 

energy CT,” vol., pp. 37-38, 2009. 
[8] Zhou, C., Y.E. Zhao, S. Luo, H. Shi, et al., ” Monoenergetic imaging 

of dual-energy CT reduces artifacts from implanted metal orthopedic 

devices in patients with factures,” Academic Radiology, vol. 18, pp. 
1252-1257, 2011. 

[9] Husarik, D.B., S. Gordic, L. Desbiolles, B. Krauss, et al., ” Advanced 

virtual monoenergetic computed tomography of hyperattenuating and 
hypoattenuating liver lesions: ex-vivo and patient experience in 

various body sizes,” Investigative radiology, vol. 50, pp. 695-702, 

2015. 
[10] Johnson, T.R., ” Dual-energy CT: general principles,” American 

Journal of Roentgenology, vol. 199, pp. S3-S8, 2012. 

[11] Matsumoto, K., M. Jinzaki, Y. Tanami, A. Ueno, et al., ” Virtual 
monochromatic spectral imaging with fast kilovoltage switching: 

improved image quality as compared with that obtained with 

conventional 120-kVp CT,” Radiology, vol. 259, pp. 257-262, 2011. 
[12] Yu, L. and S. Leng, ” Image Reconstruction Techniques,” Image 

Wisely, vol., pp. 1-3, 2010. 

[13] Alshipli, M. and N.A. Kabir. “Effect of slice thickness on image noise 
and diagnostic content of single-source-dual energy computed 

tomography.” in  Penang. 2017 Journal of Physics Conference Series. 

[14] Pontana, F., J. Pagniez, T. Flohr, J.-B. Faivre, et al., ” Chest computed 
tomography using iterative reconstruction vs filtered back projection 

(Part 1): evaluation of image noise reduction in 32 patients,” European 

radiology, vol. 21, pp. 627-635, 2011. 
[15] Yu, L., J.a. Christner, S. Leng, J. Wang, et al., ” Virtual 

monochromatic imaging in dual-source dual-energy CT: Radiation 

dose and image quality,” Medical Physics, vol. 38, pp. 6371, 2011. 
[16] Matsumoto, K., M. Jinzaki, Y. Tanami, A. Ueno, et al., ” Virtual 

monochromatic spectral imaging with fast kilovoltage switching: 

improved image quality as compared with that obtained with 
conventional 120-kVp CT.,” Radiology, vol. 259, pp. 257-262, 2011. 

[17] Graser, A., T.R. Johnson, E.M. Hecht, C.R. Becker, et al., ” Dual-
energy CT in patients suspected of having renal masses: can virtual 

nonenhanced images replace true nonenhanced images?,” Radiology, 

vol. 252, pp. 433-440, 2009. 

Int’l Journal of Advances in Chemical Engg., & Biological Sciences (IJACEBS) Vol. 5, Issue 1 (2018) ISSN 2349-1507 EISSN 2349-1515 

https://doi.org/10.15242/IJACEBS.ER12172015 20



[18] Chen, C.-M., Y.-Y. Lin, M.-Y. Hsu, C.-F. Hung, et al., ” Performance 

of adaptive iterative dose reduction 3D integrated with automatic tube 
current modulation in radiation dose and image noise reduction 

compared with filtered-back projection for 80-kVp abdominal CT: 

Anthropomorphic phantom and patient study,” European journal of 
radiology, vol. 85, pp. 1666-1672, 2016. 

 

 
 

 

 

Int’l Journal of Advances in Chemical Engg., & Biological Sciences (IJACEBS) Vol. 5, Issue 1 (2018) ISSN 2349-1507 EISSN 2349-1515 

https://doi.org/10.15242/IJACEBS.ER12172015 21




