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ABSTRACT 

 
CT number is one of the indicators in determining the diagnosis of disease, so it is necessary to ensure the level 

of accuracy. The aim is to determine the parameters of kilovoltage and tube current to the CT value. Descriptive 

quantitative analytic research method with previously tested linearity and the suitability of the CT number. 

Furthermore, the variation of kilovoltage: 80 kVp, 100 kVp, 140 kVp and the tube current value is 192 mAs. 

After that, the tube current variation was continued: 80 mAs, 100 mAs, 140mAs and the voltage value was 120 

kVp. Phantom image results were analysed using radiant viewer software with a region of interest (ROI) size 

of 5 mm. Then analyse the correlation coefficient to determine the degree of relationship between the 

kilovoltage and milliampere-second parameters to the CT number. The results of the linearity test and the 

suitability of the CT number value were within the tolerance limit. For variations in kilovoltage to CT number, 

the correlation coefficient values are water R2=0.09, fat R2=1, soft tissue R2=0.9, bone R2=0.7. As for the 

milliampere-second variation of the CT number, the correlation coefficient values are: water R2=0.7, fat R2=0.8, 

soft tissue R2=1, bone R2=0.7. 
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BACKGROUND 

International radiation protection committees such as the International Commission 

Radiation Protection (ICRP) and International Atomic Energy Agency (IAEA) provide 

recommendations to conduct quality control (QC) for CT scans, this is related to the working 

system of CT scan equipment, especially on radiation dose and quality. image. In some 

countries testing of image quality and radiation dose is mandatory.(1) Image testing on CT 

is especially important to ensure that the patient's diagnosis results can be given correctly by 

the radiology doctor, one of the important components in order to keep the radiation dose as 

low as possible and optimal image quality, it is necessary to quality control periodically.(2) 

The process of acquisition of CT scan imaging can affect changes in image quality 

which is related to radiographic contrast. Radiographic images can increase radiopaque 

because of low radiation doses, while radiographic images can increase radiolucent because 

of high radiation doses. In addition, increasing the radiation dose can cause harm to the 

patient. In general, the quality of the CT scan image can be known by measuring the CT 

number. This parameter is affected by the protocol selection of kilovoltage (kVp) and 

milliampere-second (mAs), slice thickness, helical pitch, reconstruction parameters, and scan 

speed.(3,4) 

The CT number in the QC procedure is used to test the linearity and suitability of the 

CT number. The purpose of this test is to ensure that the quality of the image produced from 

the CT scan does not decrease due to noise generated during image acquisition, increasing 

noise can reduce radiographic contrast. In addition, the CT number is one of the indicators 

of anatomical diagnosis used by radiology doctors, so it is necessary to ensure that the level 

of accuracy is carried out by performing QC.(5) Therefore, it is necessary to measure the CT 

number as an indicator of the quality of the CT scan image on the effect of changes in the 

kilovoltage (kVp) and milliampere-second (mAs) parameters. 

 

RESEARCH METHODS 

Descriptive quantitative analytic research method using phantom QC CT scan 

standard, with the first data collection is to evaluate the linearity and suitability of the CT 

number. Phase 1st performs a kilovoltage variation: 80 kVp, 100 kVp, 140 kVp and the 
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tube current value of 192 mAs does not change. Then Phase 2nd with tube current 

variations: 80 mAs, 100 mAs, 140 mAs and the voltage value of 120 kVp does not change. 

After that, the results of the phantom image will measure the CT number using radiant 

viewers software with a region of interest (ROI) size of 5 mm shown in Figure 1. Then 

perform a correlation coefficient analysis to determine the level of relationship between the 

kilovoltage and milliampere-second parameters to the CT number. In this study, a Philips 

Ingenuity Core with specifications: CT slice 64, pitch 0.5-1.5, 80-140 kVp, 20-665 mA, 

focal spot 0.5 x 1.0, slice thickness helical model 0.67 mm – 5 mm. maximum helical 

exposure 100 s and using a phantom QC CT scan standard head. 

 

Figure 1. Phantom QC CT scan (1: soft tissue, 2: fat, 3: bone, 4: water).(6) 

 

RESULTS AND DISCUSSION 

From the results of the linearity test and the suitability of the CT number, it shows 

that the results of the QC CT scan are still within the tolerance limits shown in Figure 2 (7– 

9). The measurement of the CT number on the effect of kilovoltage changes is shown in the 

correlation coefficient value shown in Figure 3. In addition, the results of the CT number 

measurement on the effect of milliampere-second changes are shown in the correlation 

coefficient value shown in Figure 4. 
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(a) (b) 

Figure 2. Quality control CT scan (a) CT number linearity (b) suitability of CT number 

values 

 

 

 

 

 

 

 

 

 

 

 
(a) (b) 

 

 

 

 

 

 

 

 

 

(c) (d) 

Figure 3. Kilovoltage changes to CT number (a) soft tissue, (b) fat, (c) bone, (d) water. 
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(a) (b) 

 

 

 

 

 

 

 

 

 

(c) (d) 

Figure 4. Milliampere-second changes to CT number (a) soft tissue, (b) fat, (c) bone, (d) 

water. 

 

The kilovoltage and milliampere-second parameters can affect the radiation dose and 

image quality on a CT scan. On all CT scan equipment there is always a standard QC CT 

scan phantom to conduct daily QC tests. However, in some cases that occurred in hospitals, 

the implementation was conducted within a period of weeks or months or conducted if 

artifacts were seen from the results of the patient's clinical examination. One of the CT scan 

image quality assessments is conducted objectively by measuring the CT number (10). In 

general, the CT number is influenced by energy, image reconstruction and filters. The CT 

number in some examination cases can provide diagnostic information to distinguish 

between tissue and fluid.(1) From the results of research conducted, it is known that the value 

of the CT number is influenced by kilovoltage and milliampere-second, in several journals 

also concluded that changes in kilovoltage and milliampere-second can affect image quality, 

especially the value of CT number and signa to noise ratio (SNR). This is influenced by the 
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number of photons received by the detector determined by milliampere-seconds and photon 

energy which is determined by kilovoltage. In the CT scan examination procedure, it is 

necessary to consider the use of kVp and mAs as much as 50% or by increasing kVp and 

decreasing mAs as an effort to radiation protection.(11) 

Based on the results of the research that has been done, it is known that the CT number 

is influenced by the phantom density value (g/ml) and energy. So that the higher the density 

and the energy used, the lower the CT number value.(12,13) Clinically, research conducted 

by Kazumi Araki found that the value of the CT number in anatomy with a low atomic 

number does not change the energy used as shown in Figure 3 (d).(14) Furthermore, the 

value of the correlation coefficient decreased due to heterogeneous beams from CT scans, 

namely beams that passed through a homogeneous material type did not experience an 

exponential reduction in beam.(5) In addition, the level of error in measuring the CT 

number will increase with the time of using phantom QC CT scan, this is due to the content 

of material in phantom which can cause errors in measurement, this may occur around less 

than 10%.(1) So in the research that we have done, we have limitations on the calibration of 

the phantom QC CT scan (15). 

 

CONCLUSION 

The results of the linearity test and the suitability of the CT number value were within 

the tolerance limit. For variations in kilovoltage to CT number, the correlation coefficient 

values are water R2=0.09, fat R2=1, soft tissue R2=0.9, bone R2=0.7. As for the milliampere- 

second variation of the CT number, the correlation coefficient values are: water R2=0.7, fat 

R2=0.8, soft tissue R2=1, bone R2=0.7. 
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