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ABSTRACT

The real data for water phantom have complex variations in the distribu-
tion of CT (Computed Tomography) number values for each slice. Thus, 
the accuracy of dose calculation on a homogeneous medium becomes 
very important to be reviewed. This study aims to review the distribution 
of CT numbers (in Hounsfield Units, HU) in a water phantom homogene-
ity determination. The water phantom was of the IBA dose 1 type, with 
dimensions of 40 cm x 35 cm x 35 cm. The image dimensions were 500 x 
500 mm2 with a 1 mm pixel thickness, and 512 x 512 matrix size at image 
reconstruction. The overall division of water phantom slices was taken 
from the z-direction or parallel to the patient table into 441 slices. Water 
phantom homogeneity determination consisted of scanning procedures 
and image processing. Based on the analysis of the CT number distribu-
tion of all slices, the accepted slices were composed of 350 water and 18 
acrylic slices. Furthermore, 42 anomaly slices were identified from the 
calculation of mean and standard deviation. The ROI (Region of Interest) 
was also considered, reducing water CT number to 53.06 HU. Based on 
this study, a method for homogeneity determination from the distribution 
of CT numbers in water phantom IBA Dose 1 was developed. 
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The present study aims to improve the antioxidant and antimicrobial 
properties of cake and produce low calorie cake through substitution of  
wheat flour (WF) by irradiated broccoli (Brassica oleracea L.var italica) 
powder. In this study broccoli heads powder and broccoli leaves pow-
der were gamma irradiated at dose levels of 0, 3, 5 and 7 kGy. Results 
showed that ethanolic (70%) extract of irradiated broccoli heads powder 
(IBHP) and irradiated broccoli leaves powder (IBLP) at a dose level of 5 
kGy had higher total phenolic compounds (TPC) and antioxidant activ-
ity (AOA) compared to control and other doses. Thus, IBHP and IBLP 
at dose level of 5 kGy were selected for fortification of cake. IBHP was 
used to substitute (0, 1.5, 3, and 4.5 %) of WF in making cake, as well, 
replacement of WF (0, 1, 2 and 3%) by IBLP. The results showed that the 
cake processed from IBHP and IBLP had pronounced improvement (%) 
in its chemical composition (protein, lipids, ash and fiber content) while, 
the energy value and carbohydrate content decreased with increasing the 
replacement level. Also, the results showed that the TPC content, AOA, 
volume and specific volume were increased by increasing substitution 
level of IBHP and IBLP compared to control samples. On the other hand, 
total intensity, L*and a* values of the crust and crumb were decreased, 
whereas Chroma and b* values were increased for crumb and decreased 
for crust for all cake treatments by the addition of IBHP and IBLP com-
pared to control sample. For microbiological properties, the results 
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INTRODUCTION

The type of standard water phantom 
used for therapy needs to be inves-
tigated. It is important to justify the 
water phantom CT number distribu-
tion in water and there is no another 

material such as air due to the presence of metal arti-
facts. The real data for water phantom have complex 
variations in the distribution of CT number values 
for each slice. The variation in the CT number value 
in each water phantom slice can also affect the ab-
sorbed dose (Dobbs et al., 1983, Wong et al., 1983, 
Brahme, 1984, Dutreix, 1984, Huizenga et al., 
1985, Bushong, 2000, Rong et al., 2009, ad Veinot 
et al., 2016). Thus, the accuracy of dose calculation 
on a homogeneous medium becomes very important 
to be reviewed as an essential part of TPS (Treatment 
Planning System) commissioning.

There are many parameters used to analyze 
water phantom homogeneity. But in this study, the 
mean CT number, standard deviation, and the differ-
ence between the calculated and measured cross-sec-
tional areas of water phantom were used to analyze 
CT number distribution and water phantom homo-
geneity. This study was focused on the CT number 
and uniformity parameters. Uniformity illustrates 
how the image in a homogeneous material can be 
uniformly displayed. The uniformity parameters re-
ported (Goldman et al., 2007) are very important 
to ensure that cupping and beam-hardening artifacts 
can be avoided. The process of determining the ho-
mogeneity for a water phantom refers to the provi-
sions provided by the American College of Radiol-
ogy Acceptance Criteria (Papp, 2006). The mean 
value of CT number in the water phantom is divided 
according to three types of materials: polyethylene 
(between -107 and -87 HU), water (between -7 and 
+7 HU), and acrylic (between +110 and +130 HU) 
(White et al., 1982 and Papp, 2006).

The analysis of CT number distribution and wa-
ter phantom homogeneity refers to several studies 

conducted previously by several researchers. QA 
analysis of Catphan CT 500/504/600 phantom had 
been verified for the homogeneity determination 
of CT number distribution (Kristine et al., 2014). 
Some parameter criteria for determining the homo-
geneity of CT numbers distribution consist of low 
contrast resolution, water CT number, air CT num-
ber, image noise, and uniformity or homogeneity. 
Scanning of the mobile homogeneous phantom was 
also conducted using cone-beam CT to evaluate the 
CT number distribution (Siewerdsen et al., 2019). 
Analysis related to the homogeneity of KPIs (Key 
Performance Indicators) was introduced by Nowik 
et al (2015) about increasing the possibility of iden-
tifying artifacts that are related to the degradation of 
CT scanner performance, such as ring artifacts and 
local non-uniformities caused by air bubbles in the 
cooling oil. The size of ROI is determined to pro-
vide a good tradeoff (artifacts may be undetected) 
and to avoid errors in the statistical analysis of CT 
numbers distribution. KPI homogeneity is defined 
as the maximum difference in the mean CT number 
between each ROI.

In this study, we have used the mean CT num-
ber, standard deviation, and the difference between 
the calculated and measured cross-sectional areas 
of water phantom parameters to study the CT num-
ber distribution of each slice of water phantom by 
unchanging the arrangement of the water phantom 
slice. Thus, the specific purpose of this study was 
to provide insight to review the distribution of CT 
numbers (HU) in a water phantom, to determine ho-
mogeneity for a water phantom that will contribute 
to treatment planning. 

MATERIALS AND METHODS

Materials

In present study, the water phantom utilized dur-
ing the measurements was the IBA dose 1 type water 
phantom, with the dimensions of 40 cm x 35 cm x 
35 cm. 
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Methods

Scanning procedures

The CT image data of the water phantom were 
obtained from measurements conducted in one of the 
private hospitals in Bandung City, West Java Prov-
ince, Indonesia. The data were obtained using a Sie-
mens SOMATOM Emotion CT scanner device, with 
the following scan parameters: 130 kVp and 320 
mAs tube voltage, 1 mm slice thickness, and 512 x 
512 pixels image output. The image dimensions are 
500 mm x 500 mm, with a 1 mm pixel thickness for 
each slice. The scanning process was conducted in 
a spiral direction for each single tube rotation. The 
phantom was scanned from the z-direction or paral-
lel to the patient table, yielding 441 slices that oc-
cupied 230 MB of storage space. Output for the CT 
image data from image reconstruction was stored in 
DICOM format, using 16-bit pixel precision depth.

Image processing

The outlined steps for image analysis are shown 
in Figure 1. In general, the procedure consists of two 
large parts: analysis of bit depth and analysis of CT 
number distribution.

•	 Bit depth analysis 

Bit depth analysis was performed to understand 
the effect of lower pixel depth and its conversion 
on CT image. To address this purpose, the default 
bit depth generated by the scanner was downgrad-
ed to 8-bit depth. The bit depth conversion was as-
sumed to reduce storage space; however, the reduc-
tion of grayscale intensity that follows the conver-
sion is also known as responsible for  a reduction 
in diagnostic information of CT image (Smith et 
al., 1992, Sage et al., 2001 and Nuttawan, 2004) 
Histogram analysis was performed to evaluate the 
pixel distribution over the HU range. Since the re-
sult was obtained using converted images, histogram 
adjustment was needed to avoid ambiguity of his-
togram reading. The number of colors, which was 

65536 on a 16-bit image, was adjusted to 256 based 
on the number of colors that can be represented by 
an 8-bit image. Since the adjustment would affect 
bin width value on the histogram of the 8-bit depth 
image, the bin width value was also adjusted by di-
viding the range of CT number by the number of col-
ors of the respective bit depth.

Fig. (1): The flowchart of conducted image analysis.
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•	 CT number distribution analysis

The converted CT image then underwent CT 
number distribution analysis. In this study, ImageJ 
Java-based image processing program was employed 
as tool for the observation and analysis of the CT 
number distribution, which was conducted in several 
steps. The first step was the construction of pixel dis-
tribution curve on the observed range on each slice. 
The construction was based on the histogram curve 
reading with 256-bin data distribution; however, the 
observation was narrowed down to the 110-bin data, 
which shaped the Gaussian distribution. 

The second step was the analysis of calculating 
the mean and standard deviation (Payne, 2001 and 
Seeram, 2001). The mean CT number of the water 
is estimated to be on the range of -7 HU to 7 HU 
and the shaped Gaussian curve. The slice in which 
the mean CT number was configured outside of the 
range was considered as an anomaly slice. The iden-
tification of each anomaly slice was conducted by 
the addition of Regions of Interest (ROIs) on each 
image. The mean and standard deviation values be-
fore ROI addition were then compared to the values 
after ROI addition. The variation of maximum and 
minimum values for CT number distribution on each 
slice is affected by the variation of bin width values. 
Hence, a study on the variation of bin width values is 
regarded as important to obtain the accuracy of mean 
CT number calculation.

The third step was the analysis related to the 
method of area calculation under the normal distri-
bution curve on each slice. It should be noted that 
only all slices with water content were selected, and 
each slice was already corrected based on the sym-
metrical Gaussian curve, focused on the range of -7 
HU to +7 HU, which represents the mean CT num-
ber of the water. The area was calculated by Equa-
tion 1. The calculation results on all slices were then 
averaged.

          (1)

In this study, a method to determine the geom-
etry of the cross-sectional area measurement on 
the water phantom was developed. The calculation 
method is described by Equation 2.

          (2)

Based on this analysis, the method for geometri-
cal determination of the cross-sectional area for a 
water phantom was constructed. Therefore, the dif-
ference from the comparison of the cross-sectional 
area for a water phantom can be obtained based on 
the results of the analysis using measurements and 
calculations.

RESULTS

The analysis of CT number distribution was per-
formed for each slice. CT number distribution from 
each water phantom slice was reviewed using Im-
ageJ in several steps.

Homogeneity determination

Analyses were conducted for several parameters 
related to homogeneity, which are mean CT num-
ber distribution, standard deviation, and area under 
the normal distribution curve. Based on the analysis 
of CT number distribution on all slices, 368 of 441 
slices were accepted as the sample slices. The ac-
cepted slices were composed of 350 water and 18 
acrylic slices. Furthermore, 42 anomaly slices were 
identified from the calculation of mean and standard 
deviation on all water slices.

The ROI addition to a selected slice is shown in 
Figure 2. Slice 27 was chosen and found to have a 
Gaussian curve on the range from -7 HU to 7 HU. 
However, slice 27 was observed to be an anomaly 
slice since it also contained metal artifacts on 3071 
HU, which indicates aluminum content, and air on 
-1000 HU. The slice and histogram comparison of 
ROI implementation on slice 27 is also presented in 
Figure 2.
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The bin width variation was affected by the 
variation of minimum and maximum values on CT 
number distribution. In slice 27, which was catego-
rized as an anomaly, it had a variation range from 
-1000 HU to 3071 HU, resulting in a bin width value 
of 15.9. The ROI addition to this slice changed the 
minimum and maximum CT numbers to be -1000 
HU and 563 HU, respectively. Furthermore, the 
minimum and maximum bin width values from all 
accepted slices were found to be 4.95 and 6.11, re-
spectively.

The distribution of the mean CT number of all 
slices, with and without ROI addition, was compared 
to observe the effect of ROI on anomaly slices, as 
presented in Figure 3. Based on the observation of 
anomaly slices, the range of -1000 HU to 477.21 
HU was obtained as the minimum and maximum CT 
numbers of all anomaly slices. 

Fig. (2): The comparison of image obtained before and after ROI addition on slice 27. In ImageJ, the ROI was implemented.

Fig. (3): The mean CT number distribution of water material 
with and without ROI addition from 350 water phantom 
slices.

Figure 3 shows that the ROI addition was able to 
shift the mean CT number distribution of the anom-
aly slices from the range of -12.55 HU to -68.76 
HU to a range of -3.40 HU to -15.70 HU, which is 
approximate to the range of water compared to the 
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analysis before ROI implementation. The ROI was 
also considered to reduce water HU difference to 
53.06 HU.

Based on these analyses, the mean CT number 
distributions of water and acrylic for all corrected 
slices were calculated at -5.66 HU and 70.94 HU, re-
spectively. The range of slices from 10 to 359 shows 
the mean CT number distribution for water material. 
The conformity between calculated and geometric 
measurements was reached at 35 cm (350 slices of 
water phantom).

The distribution of the standard deviation is also 
different among the mean CT numbers of anomaly 
slices with and without ROI addition. The standard 
deviations of the mean CT numbers without ROI 
addition were calculated on the range of 71.04 to 
190.44 on anomaly slices. The ROI addition was ob-
served to decrease the range of 59.24 to 74.37.

The cross-sectional area of the water phantom

The results of area calculation under the normal 
distribution curve are presented in Figure 4. The av-
erage of area percentage from all slices was calcu-
lated to be 53.87%. Meanwhile, based on the analy-
sis of geometrical dimensions, the comparison of the 
cross-sectional area of water phantom to CT image 
data was calculated to be 51.2%. From both results, 
the difference between the calculation and measure-
ment results of the water phantom cross-sectional 
area was found to be 2.67%. 

DISCUSSIONS

An analysis to determine the homogeneity of 
water phantom from the distribution of CT numbers 
in each slice has been carried out with several pro-
posed parameters, including the mean CT number 
and standard deviation, in comparison with the crite-
ria presented by (Kristine Gulliksrud et al., 2014). 
The slices were accepted based on acceptance crite-
ria regarding the distribution of CT numbers as the 
basis for taking the next slice limits to be tested. In 
a previous study, analysis of QA characteristics on 
Catphan 500/504/600 CT phantoms was carried out 
by several researchers concerning low-contrast reso-
lution, CT numbers of water, CT numbers of air, im-
age noise, and uniformity or homogeneity. (Kristine 
Gulliksrud et al., 2014) compared manual image 
analysis of the distribution of CT numbers from the 
DicomWorks 1.3.5 and ImageJ 1.45s image view-
ers with results obtained from the QAlite automatic 
evaluation software. Whereas, in this paper, the im-
ages were analyzed manually from the distribution 
of CT numbers with the ImageJ 1.50i image view-
er program (Wayne Rasband National Institutes of 
Health, USA).

Based on the results of the analysis with ImageJ 
on DICOM data for each range of slices, greyscale 
image changes in the form of black files (air) in the 
water phantom were found. Upon review, the black 
files (air) show the presence of metal artifacts that 
arise due to the aluminum metal buffer on the three 
feet of the water phantom.

Thus, giving an ROI parameter that is adjusted 
to the geometry size of the water phantom is very 
important to be applied for slice anomalies, which 
allows the bin width variation of the CT number dis-
tribution to focus on the water material. 

In this study, the important point presented is 
that if the determined homogeneity encounter con-
straints related to the mean CT number in each slice 
does not meet the range given by the Acceptance 

Fig. (4): The average of area percentage under normal 
distribution curve from 350 slice water phantom.
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Criteria from the American College of Radiology 
(Papp, 2006), it is necessary to identify the KPI (key 
performance indicator) homogeneity.

Several options need to be considered by the 
user. This includes the following possibilities: check-
ing the input data in the form of a CT number dis-
tribution from the CT image data in each slice with 
ImageJ; checking the settings in the measurement 
test; checking the overall water phantom geometry 
size according to the provision of the ROI parameter 
with the geometry size of the water phantom to focus 
on the distribution of CT numbers for water material; 
checking the calculated bin width value after giving 
the ROI parameter; limiting taken bin observations 
for each slice that has been given an ROI parameter; 
and checking the geometry size of the water phan-
tom and comparing the measurement results with the 
calculation of the CT image data size for each slice.

The above refers to previous research by Nowik 
et al. (2015) regarding the homogeneity of KPIs  that 
are introduced to increase the possibility of identi-
fying artifacts that are related to degradation of CT 
scanner performance (such as ring artifacts and lo-
cal non-uniformities caused by air bubbles in cool-
ing oil). The size of ROI is determined to provide a 
good trade-off (artifacts may not be detected) and to 
avoid errors in the statistical analysis of the distri-
bution of CT numbers. KPI homogeneity is defined 
as the maximum difference in the mean CT number 
between each ROI.

The newness is related to the method of deter-
mining the geometry of cross-sectional areas for 
water phantoms. In other words, as the difference in 
the size of the water phantom cross-sectional area 
measured by the results of the calculation becomes 
smaller, it is expected that the dose absorbed be-
comes more accurate, but still below the safety stan-
dard of < 3%. The method gives an initial prediction 
of the studied water phantom, showing that the wa-
ter phantom can be regarded to have the criteria for 
ideal form. 

CONCLUSIONS

A homogeneity determination method from the 
distribution of CT numbers or HU for water phan-
toms with ImageJ was reviewed. The material homo-
geneity determination for water phantom has been 
successfully displayed based on statistical analysis. 
The calculation method was relatively valid. The dif-
ference between the calculated and measured cross-
sectional areas of water phantom was found to be 
2.67%. This can affect the dose absorbed variation 
but is still below the safe standard of < 3%. Thus, the 
accuracy of dose calculation on a homogeneous me-
dium can be obtained. The protocol standard in this 
analysis can be used to determine the homogeneity 
of water phantoms. 

This study can be used as a reference for analyz-
ing the dose distribution using TPS (Treatment Plan-
ning System) in commissioning tests. So, further 
studies may be conducted within the area of dose 
distribution analysis using other methods in the near 
future.
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