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Phantom replacement of femur based on human CaCO3, CaCl, NaCl, 

KOH + white cement successfully made. Phantom replacement of the 

femur in humans is made with 3 variants of composition (x = 0.3 and y 

= 0.67, x = 0.34 and y = 0.63, and x = 0.4 and y = 0.57) namely x is 

CaCO3 and y is white cement. Thigh replacement phantom was tested 

using the GE / Optima 660 brand CT-SCAN with 3 potential different 

variations namely 80 kV, 100 kV, and 120 kV to see Hounsfield units 

(HU) in the test sample. Through CT-SCAN test, the highest HU is 

2016, which is found in substitute phantom x = 0.3 and y = 0.67 with a 

potential difference of 80 kV and the lowest HU is 904 found in the 

replacement phantom variation x = 0.4 and y = 0.57 with 120 kV 

potential difference, while HU bone in general is +/- 1000. 
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Introduction:- 
Radiology is medical science to see parts of the human body by using emission or radiation waves, both 

electromagnetic waves and mechanical waves. This makes the human body an important object that must be present 

in the process of photographing using x-rays, scanning with CT-Scan, MRI, ultrasound, and nuclear medicine (1). 

CT-Scan (Computed Tomography Scanner) is a modern development of radiology using the working principle of 

tomography, and the X-ray machine in the form of a ring (gantry) rotates around a patient who is sleeping on his 

back (2). 

 

Bone is a living structure composed of proteins and minerals. Bone contributes to the body's mineral homeostasis 

and has recently been found to participate in endocrine regulation of energy metabolism (3). Bone tissue has the 

ability to store minerals, especially calcium and is almost mostly in the form of hydroxyapatite crystals. This 

material distinguishes bones from other connective tissue, including cartilage (4). The femur or femur is the largest 

body part and the strongest bone in the human body. It connects the hip and knee. Adult femur lengths averaged 505 

mm, diameters from 40 mm to 60 mm, with thicknesses of 3 mm to 4 mm (5). 

 

X-rays are electromagnetic waves that have very short wavelengths with very large energy and have very high 

penetrability. X-rays can damage body cells which can increase the potential risk of cancer. To avoid and minimize 

the danger of radiation effects, it requires a substitute object in the form of phantom radiology so that students do not 

need to get X-ray exposure during the learning process and practicum (6). 
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In this research a radiology phantom will be made based on CaCO3, CaCl, NaCl, and KOH with variations in 

composition x = 0.3 and y = 0.67, x = 0.34 and y = 0.63, and x = 0.4 and y = 0.57 where x is CaCO3 and y is white 

cement. This research was conducted to facilitate students in the learning process, due to the high price of phantom 

in the market and must be imported. This phantom must have the same imaging and structure as bone in humans, 

which is a Hounsfield Unit value of +/- 1000 (7). 

 

Methods:- 
Procedure:- 

First prepare each material to be used to make a phantom radiology replacement based on CaCO3 including CaCO3, 

CaCl, NaCl, KOH, and white cement. Then weigh the analytical balance until the mass of each material is reached. 

 

Mix CaCl2, NaCl, and white cement, crushed until completely even, then dissolved with enough water. Then the 

material that has been crushed and dissolved in water is formed in the mold that has been provided. Next the 

material is dried at room temperature for 36 hours. 

 

Next CT.Scan is performed on the material that has been formed, the image that appears on CT.Scan computer is 

reformed to display axial, coronal, and sagittal pieces. After that the Hounsfield Unit (HU) was measured at each 

image display. 

 

Results and Discussion:- 
Characterization of CT-SCAN at 80 kV, 100 kV, dan 120 kV:- 

Hounsfield unit (HU) identification of test samples a, b, and c using GE / Optima 660 CT-SCAN was carried out to 

see the density of units in the test sample. Through this test Hounsfield units were obtained from test samples with 

composition variations (x = 0.3 and y = 0.67, x = 0.34 and y = 0.63, and x = 0.4 and y = 0.57). The data obtained 

were analyzed using the standard Hounsfield bone unit in the human body which is +/- 1000. 

 

A. Characterization of CT-SCAN (x = 0.3 dan y = 0.67):- 

Samples of CaCO3, CaCl, NaCl, KOH, and White Cement (x = 0.3 and y = 0.67) were tested using CT-SCAN to 

determine the value of Hounsfield units. Samples were tested with variations in potential difference of 80 kV, 100 

kV, and 120 kV. The results of Hounsfield unit testing through CT-SCAN on CaCO3, CaCl, NaCl, KOH, and White 

Cement Samples (x = 0.3 and y = 0.67) can be seen in Table 1 and Figure 1. 

No Name Potential Difference (kV) 
Hounsfield Unit 

Min Max 

1 Sample A (x=0.3 and y=0.67) 80 1792 2016 

2 100 1390 1520 

3 120 1189 1402 

Table 1:-Hounsfield Unit Value in sample A. 

 

 
A. 80 kV 
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B. 100 kV 

 

 
C. 120 kV 

Figure 1:-CT-SCAN Test Results for sample A with a potential difference of 80 kV, 100 kV, and 120 kV. 

 

 
Figure 2:- Graph of Hounsfield Unit Sample value A. 
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Figure 2 Shows the value of Hounsfield unit sample A obtained is linear through the CT-SCAN test with a potential 

difference of 80 kV, 100 kV, and 120 kV. 

 

Characterization of CT-SCAN (x = 0.34 dan y = 0.63): 

Samples of CaCO3, CaCl, NaCl, KOH, and White Cement (x = 0.34 and y = 0.63) were tested using CT-SCAN to 

determine the value of Hounsfield units. Samples were tested with variations in potential difference of 80 kV, 100 

kV, and 120 kV. The results of Hounsfield unit testing through CT-SCAN on CaCO3, CaCl, NaCl, KOH, and White 

Cement Samples (x = 0.34 and y = 0.63) can be seen in Table 2 and Figure 3. 

 

No Name Potential Difference (kV) 
Hounsfield Unit 

Min Max 

1 Sample B (x=0.34 and y=0.63) 80 1477 1947 

2 100 1158 1617 

3 120 983 1374 

Tabel 2:-Hounsfield Unit Value in sample B. 

 

 
A. 80 kV 
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B. 100 kV 

 

Figure 3:- CT-SCAN Test Results for sample B with a potential difference of 80 kV, 100 kV, and 120 kV. 

 
C. 120 kV 
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Figure 4:- Graph of Hounsfield Unit Sample value B. 

. 

Figure 4 shows the value of Hounsfield unit sample B obtained is linear through the CT-SCAN test with a potential 

difference of 80 kV, 100 kV, and 120 kV. 

 

Characterization of CT-SCAN (x = 0.4 dan y = 0.57):- 

Samples of CaCO3, CaCl, NaCl, KOH, and White Cement (x = 0.4 and y = 0.57) were tested using CT-SCAN to 

determine the value of Hounsfield units. Samples were tested with variations in potential difference of 80 kV, 100 

kV, and 120 kV. The results of Hounsfield unit testing through CT-SCAN on CaCO3, CaCl, NaCl, KOH, and White 

Cement Samples (x = 0.4 and y = 0.57) can be seen in Table 3 and Figure 5. 

No Name Potential Difference (kV) Hounsfield Unit 

Min Max 

1 Sample C (x=0.4 and y=0.57) 80 1471 1748 

2 100 1108 1370 

3 120 904 1152 

Tabel 3:- Hounsfield Unit Value in sample C. 

 

 
A. 80 kV 
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B. 100 kV 

 

Figure 6:- CT-SCAN Test Results for sample B with a potential difference of 80 kV, 100 kV, and 120 kV. 

 
C. 120 kV 
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Figure 7:- Graph of Hounsfield Unit Sample value C. 

 

Figure 7 shows the value of Hounsfield unit sample A obtained is linear through the CT-SCAN test with a potential 

difference of 80 kV, 100 kV, and 120 kV. 

 

Conclusion:- 
From the test results of measurement of the value of Hounsfield Unit (HU) conducted on samples A, B, and C it can 

be concluded that the greater the content of Calcium Carbonate (CaCO3) the value of Hounsfield Unit (HU) is lower 

and closer to the average value of the Hounsfield Unit ( HU) in human bones so that under certain conditions 

otherwise can be used. 
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