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ABSTRACT

Imaging using CT Scan utilizes the nature of the material that can absorb X-rays so the intensity of X-rays that penetrate the
material will be attenuated. The attenuation coefficient of the material will provide information on the physical properties of it, in
the image produced by CT Scan, the attenuation coefficients of the material is related to the number of Hounsfield Unit (HU).
Alginate impression material is an irreversible hydrocolloid molding material that will form a gel when reacted with water without
heating treatment process. The nature of alginate gel is elastic and has a fast setting time, often used in the manufacture of dentures.
Alginate scanning using CT scan can provide information on alginate gel equivalents with human body tissue by comparing the HU
values obtained. Alginate impression material that has been set up by using water is formed with a size of 11 x 11 cm with a
thickness varying 5 mm, 7 mm and 9 mm and then scanned using CT Scan obtained an average HU of -51, which is equivalent to

soft tissue such as lipid or breast.
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1. INTRODUCTION

X-rays coming from the CT-Scan device penetrate
a material, the intensity will attenuate that the amount
of attenuation is proportional to the density of the
material. The greater the density of the material, the
more the intensity of the light absorbed, so that the
intensity that manages to penetrate the object is
weaker. The value of material density can be obtained
from the CT-Scan image, ie the material density is
proportional to the CT-Number value expressed in
Hounsfield Unit (HU) size. HU is a unit of attenuation
of x-rays after passing through a material that
describes the differences in an organ. CT Number -
1000 corresponds to air, whereas CT Number 1000
corresponds to solid bone, and CT Number 0
corresponds to water (Benedict, 2004; Kainz, 2006;
Rosenberg, 2008). Human body tissue has different
densities so that each tissue will have a CT-Number
that is different according to the attenuation
coefficient of the tissue. Water is recommended as a
material for determining the CT Number because
water is more than 90% of the soft tissue constituents
in the human body. Because the HU value of water is
0, a network that has a density smaller than water will
have a negative HU value (Setiabudi and Anam,
2012).

The image produced by the CT scan per pixel
represents the magnitude of the x-ray attenuation
coefficient of a voxel (Setiabudi and Anam, 2012), in
other words that each pixel contains density
information from the organ that is imaged. Based on
information from this pixel, the density of the organ to
be measured can be determined. Utilization of HU can
be used for measurement of jaw bone density (Yunus
and Murtala, 2010), for measurement of bone tissue
density (Celenk and Celenk, 2012; Lang, 2010;
Schreiber et al., 2014; Whitehouse, 2020).

The amount of HU can also be used to determine
the equality of material with body tissue. Utilization
of this tissue equivalent material is for phantom and
bolus on radiotherapy. Based on the HU value can be
determined the value of the electron density of each
material which is equivalent to the network. Based on
the HU value obtained by Natural Rubber has equality
with fat tissue (Supratman et al., 2018), Silicon
Rubber has equality between soft tissue and hard
tissue (Astuti et al., 2018) so that both Natural rubber
and silicon rubber are both used as bolus radiotherapy.
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Natural rubber and silicon rubber have elastic and
flexible properties and can be easily shaped to adjust
the contours of a person's body, this is in accordance
with the material requirements that can be used as
bolus (Gunhan et al., 2003; Kudchadker et al., 2002),
while alginate has properties that are flexible, elastic
and easily formed, but not yet used as a material that
is equivalent to the tissue.

Alginate is an ingredient extracted from brown
seaweed that has a polysaccharide group (Laksanawati
et al., 2017), and is a hydrocolloid that can form a gel
(Maharani et al., 2017). Alginate in the market is
packaged in powder form which is often used as a
denture molding material. Alginates can form a gel
without heating like agar in general, this happens
because of the reaction of Na-Alginate solution with
Ca salt, when mixed with water the Na position will
be replaced by Ca and formed Gel (Husni et al., 2012;
Maharani et al., 2017; Rasyid, 2005; Theresia Multia,
Rifaida Eriningsih, 2011).

The practical application of alginate is as an
ingredient for printing dentures, because alginate has a
relatively fast setting time and because it is made from
natural ingredients it is not harmful to the patient even
though the printing is inserted into the patient's mouth.
Based on the properties of the alginate in this study
tested the HU value of Alginate by using a CT-Scan
device to determine its equality with human body
tissues.

2. MATERIAL AND METHOD
2.1 Sample Preparation

The sample in this study was a mixture of
Alginate powder mixed with water, with a ratio of 32
grams of powder mixed with 100 ml of water, then
stirred until the mixture became homogeneous. After
the mixture has been homogeneous then poured into a
mold measuring 11 x 11 cm then pressed to remove
air cavities in the dough and give thickness to the
mold. In this sample preparation a homogeneous
sample of 5 mm, 7 mm and 9 mm was obtained.

2.2 Hounsfield Unit (HU) Measurement

HU measurements were carried out by scanning
samples using a CT-scan device performed at Ken
Saras Hospital, Semarang Regency. The HU results
obtained from the scanned images are then compared
with the HU references from various tissues in the
human body. Some of the HU values in human body
tissue are as follows which is shown in table 1 (Chen
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et al., 2006; Madamesila et al., 2016; Mahon et al.,
2020).

Table 1. HU values for some tissues

No tissue HU

1 Lung (LN-300) -710
2 Lung (LN-450) -600
3 Lipid (AP6) -100
4 Breast -40

5 Brain 4

6 Liver (LV1) 38

7 Water 0

8 Bone (B200) 120

3. RESULT AND DISCUSSION

CT-Scan testing aims to obtain CT-Numbers from
Alginate. The CT-Number value of this material will
then be compared with the CT-Number value of soft
tissues that are in the human body. This CT-Number
value represents the density of the material or material
used. By knowing the CT-Number value of this
material, it can be estimated the density of the material
is equivalent to a particular tissue, so that it can be
used further as a Phantom of the appropriate tissue.
Tests using CT-Scan can be seen in Figure 1.

Figure 1. Testing sample using a CT-Scan equipment.

From the results of sample testing, the amount of
CT-Number is presented in the following table 2.

Equivalence with soft tissue in the body is
obtained by comparing the magnitude of CT-Number
in table 1. Based on data obtained from research and
compared with data from the table, it can be seen that
Alginate has the closest equality with breast tissue, but
alginate has a density that is slightly lower than the
breast. From the data presented in table 1, Alginate
also approaches fat tissue, alginate has a higher
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density than fat tissue. From these data it can be said
that alginate has equality with breast tissue and fat
tissue, but it is closer to breast tissue.

Table 2. Alginate test results using CT-Scan

No Thickness (mm) CT-Number
1 5 -43
2 7 -56
3 9 -53
Average -51

The HU of alginate as shown in the table 2 is
negative, so it can be said that alginate has a density
that is between air and water. In this category alginate
can be said to have a density equivalent to soft tissue.

This results is because in making dough, alginate
powder is mixed with water so that the chemical
reaction process to form a gel, with a composition of
more water, so there is a lot of water content in the
alginate gel. As we know that in the fat and breast
tissue which is soft tissue there is also a lot of water in
each cell. Confirming its physical properties, alginate
gel is elastic and elastic which is similar to the
physical properties of breast tissue and fat.

4. CONCLUSIONS

Measurement of the HU value of alginate by
using a CT-Scan device was obtained at -51, which
value is close to the HU value for breast tissue and fat
tissue, so it can be said that Alginate has equality with
breast tissue and fat tissue.
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