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Abstract 

Computed tomography (CT) has become a widely used 

imaging method. Annual scans of CT are increasing rapidly 

(approximately from 2 to 72 million from 1980 to 2007). 

Performance of good imaging shows that image quality 

needs to be adequate to meet the requirements for clinical 

examination. CT excels as an imaging modality because of 

its superior contrast resolution. The rapid proliferation of 

CT scanners has created a need for more documentation on 

the performance evaluation of a CT scanner. This work 

investigated the development of a contrast resolution 

phantom with available, low-cost silicone rubber - room 

temperature vulcanizing (RTV 683) and silicone oil 

materials with different percentages. The principal 

characteristics which should be considered in construction 

of contrast resolution phantom are a small difference in 

cylinder density (typically from 4 to 10 Hounsfield units) 

following the background and the measurements of noise. 

The results show that low-cost materials can be produced 

with little difference in the density, and acceptable result of 

noise measurement for these materials. Therefore, silicone 

rubber (RTV 683) with silicone oil can be used in 

construction of CT phantoms for contrast resolution 

assessment. These low-cost materials have demonstrated 

superior image quality and can be used in other phantoms of 

radiology applications. 
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INTRODUCTION 

Computed tomography (CT) has become an important 

imaging method in clinical routine. The noninvasive 

procedure provides an inner view of the human body. These 

images are not influenced by the overlap of different 

anatomical structures, which results from the projection of all 

the information into a bi-dimensional imaging plane, as 

usually realized in fluoroscopy of planar X-ray [1]. 

Mostly, X-ray imaging needs optimum quality images for 

accurate medical diagnosis. This necessitates programs of 

quality assurance (QA) on the numerous X-ray modalities. 

These modalities include projection radiography (including 

mobile x-ray units), mammography, fluoroscopy and CT 

scanning. Presently, different modality-specific phantoms are 

employed to execute QA tests [2]. 

Image quality compares the image with the actual object. In 

several respects “quality” is a subjective notion that is based 

on the goal of the required image. In CT, image quality is 

related directly to its usefulness to provide an exact diagnosis. 

For instance, an infant image employing a very low technique 

may look rather noisy, but it could still be sufficient to follow 

up a large abnormality (as an abscess). Image usefulness can 

only be evaluated case by case. Analytic methods try to 

measure the extent reliable system spots and accurately 

illustrate minor abnormalities. What is important however is 

to consider that the accurate test of the quality of a particular 

image is if it meets the purpose why it was requested [3]. 

Resolution is the ability to image two detached objects and 

visually differentiate one from the other [4]. Contrast 

resolution (low contrast resolution) is able to distinguish 

objects with very comparable densities (small differences in 

the attenuation coefficient) as their background [3], [5], [6]. 

Contrast resolution can be also defined as the ability to image 

and differentiate between soft tissues, such as liver - spleen 

and gray matter - white matter [4]. It can also be defined as 

the sensitivity of the system; thus low-contrast sensitivity is 

also employed [3]. 

CT excels as an imaging modality due to its greater contrast 

resolution and the scatter radiation rejection of the pre-patient 

and pre-detector collimators. The performance specifications 

of the numerous CT imaging systems vary from one model to 

another and from one manufacturer to another, depending on 

the design of the imaging system. All CT imaging systems 

should have the ability to resolve 5 mm objects at 0.5% 

contrast [4], [5], [7]. This feature is basically the reasons why 

CT has obtained increasing clinical approval and demand [8]. 

The number of density differences stored in each matrix 

determines contrast resolution. A low contrast image has 

several density differences in the entire image. A high contrast 

image however has few density differences. The degree of 

contrast in each pixel relates to the absorption of x-ray 

photons in tissue which is determined by the linear attenuation 

coefficient [9]. 

Contrast resolution is assessed by employing phantoms that 

have objects (typically cylindrical) of different sizes and with 

a minor difference in density (typically from 4 to 10 HU,  

from the background) Figure 1 [3], [4], [8]. The most common 
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method requires an observer to distinguish objects. This is 

subjective to some degree as different observers will evaluate 

the same image in different ways. This subjectivity is broadly 

defined to as receiver-operator features [3], [8]. 

Characteristically, contrast resolution distinguishes between 

object and its density background [3]. 

 

Figure 1: Contrast resolution computed tomography phantom. 

 

Since the distinction between object and its background is 

small; noise has a significant role in low contrast resolution. 

Romans defined image noise as “the undesirable variation of 

pixel values in an image with a homogeneous material.” Noise 

can be recognized as the grainy look (or “salt-and-pepper” 

look on an underexposed image) [3]. It obscures the finer 

details in the image [5]. 

Similar to any measurement system, noise is inevitable in a 

CT system. The output of the data acquisition system includes 

two main types of noise: x-ray quantum noise and electronic 

noise. Quantum noise comes mainly from an insufficient 

number of x-ray photons (the amount of data) gathered during 

the sampling interval. Therefore, as the quantity of x-ray 

photons (to create an image) decreases, the level of noise 

increases. Electronic noise is produced by the electronic 

constituents in the x-ray detection system [1], [3], [5], [8], [9]. 

The quantum noise is a vital edge to the CT image quality as it 

lessens contrast resolution of small objects, and degenerates 

the spatial resolution of low contrast objects [5]. 

In order to compensate for noise, increasing doses of radiation 

are used in image production [4], [5]. The ALARA principle 

(Acronym for As Low As Reasonably Achievable) should be 

used to avoid reducing the image noise beyond clinical needs 

[8]. 

In CT, the count of x-ray photons identified per pixel is also 

usually called contrast-to-noise ratio (CNR). This is not 

however the technical description of that term. Besides image 

processing, CNR is employed in various other applications 

plus acoustics. CNR relates the degree of the wanted signal 

(such as music) to the degree of background noise. The more 

the ratio is, the less blatant the background noise becomes [1], 

[3], [7]. 

If an image is shaped of an identical object in density, such as 

a water phantom, then all assessed points within that image 

should be theoretically identical. Practically, however, they 

are not. Fluctuations of CT numbers at end-to-end points 

show the image noise [3], [9]. Noise is called a standard 

deviation (SD) according to statistics. It is sometimes is 

symbolized by sigma σ [4], [6], [8]. The SD measurement is a 

sign of the amount of variance among pixel values in a chosen 

region of interest (ROI). The measurement of SD of an ROI of 

a known uniform phantom will show the amount of noise in 

an image. The less the SD, the less the noise and the superior 

the contrast resolution capability becomes [1], [3], [7]. It 

follows that factors that affect the degree of noise will also 

influence contrast resolution [3]. 

All CT imaging systems have the ability to identify an ROI on 

the digital image and to compute the mean and SD of the CT 

numbers in that ROI [1], [4], [7]. When the radiologic 

technologist measures noise, the ROI must encompass at least 

100 pixels [4]. 

In this study, a CT contrast resolution phantom with available, 

low-cost silicone rubber RTV 2, and silicone oil materials was 

proposed. We designed and tested the contrast resolution of 

the new phantom with different CT protocols, which is one of 

the most important image quality parameters. 

 

MATERIALS AND METHOD 

In this study, silicone rubber RTV (683) and silicone oil 

materials were proposed in construction of CT phantom for 

contrast resolution assessment. The process of reaction of 

silicone with methyl chloride gas (CH3Cl) to form liquid 

methylchlorosilanes was discovered by professors Müller and 

Rochow in 1940/41. This discovery provided the initial 

materials for the industrial manufacturing of silicones and 

started a global surge in silicone production [10]. 

The structure of silicone rubber looks like quartz which is 

modified with organic groups. They contain an “inorganic” 

backbone made of alternating silicon and oxygen atoms [10], 

[11]. The other two bonds of the silicon atoms are occupied 

with organic groups (preferably methyls) responsible for 

silicones’ semiorganic nature. Silicones are a specific group of 

plastics. “Plastic” is a term that is normally used to refer to 

organic materials. These materials never occur in nature. 

Silicones are classified as semi-organic materials as silicon is 

an element that has a strong metallic character similar to 

carbon [10]. 

Silicone rubber is an elastomer [11] (a polymer with the 

physical property of elasticity). The term elastomer is taken 

from elastic polymer. It is often employed interchangeably 

with the term rubber. Each monomers linked to form the 

polymer is ordinarily made of carbon, hydrogen, oxygen or 

silicon [12]. Elastomer means that it can be deformed within 

very wide limits with relatively low forces, and then returns to 

its original shape when the force is released. The material is 

elastic, but incompressible [11]. Usually elastomers are 

thermosets that require a curing process that involves heat 

besides sulfur or other equivalent curatives. In addition to that, 

elastomers could also be thermoplastic [12]. 
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Silicone rubber – Room Temperature Vulcanizing (RTV) has 

valuable properties such as availability, biocompatibility, 

temperature and chemical resistance, workability, and 

dimensional stability which make it possible to use this 

material in construction of the CT phantoms for contrast 

resolution assessment. 

Silicone oils are also referred to as silicone fluids [13]. 

Ullmann’s Encyclopedia of Industrial Chemistry defined them 

as “any liquid polymerized siloxane with organic side chains,” 

such as polydimethylsiloxane. Since they are considered 

highly stable thermally and can serve as a lubricant for 

machinery, silicone polymers are valued commercially [14], 

especially as a synthetic oil for high performance motors. 

Silicone oils are used in different ways in the medical field. 

For example, consumer products to control flatulence often 

have silicone oil. Silicone oils are used as a transparent 

fluid alternative to treat retinal detachment, such as those 

convoluted with proliferative vitreoretinopathy, large retinal 

tears, and penetrating ocular trauma [15]. The introduction of 

silicone oils has also represented a pivotal moment in the tools 

and management of ophthalmic surgery as they are prepared 

with a mixture of chemical and physical properties that have 

propelled their surgical use. Silicone oils are essentially used 

as intraocular tamponade due to their ability to maintain the 

adhesion between retina and retinal pigment epithelium (RPE) 

[16]. 

 

PHANTOM CONSTRUCTION 

Different organizations guide medical physicists or quality 

assurance program coordinators to generate the quality control 

program for their facilities nationally and locally. The AAPM 

(an acronym for Association of Physicists in Medicine) [17], 

the ICRU (an acronym for International Commission on 

Radiation Units and Measurements) [18], [19], and the ACR 

(an acronym for American College of Radiology) [20], [21], 

for examples but not limited to, are involved in setting x-ray 

equipment standards. 

Based on the ACR CT accreditation phantom, a CT contrast 

resolution phantom was prepared from polylactic acid (PLA) 

plastic material by a three dimensions (3d) printer, so that it 

can be applied for quality control (QC) image performance 

tests. Nowadays the available printers lack variety in densities 

and composition. Currently, building anatomical phantoms is 

possible only for non-functional and structural images, which 

do not reveal physiological activities. Since there are limited 

choices of obtainable plastics to use in a 3d printer, 

Hounsfield Unit (HU) could be used to chose materials 

roughly equivalent to human tissue, where HU measures 

radiodensity [22], [23]. The phantom design illustrated in 

Figure 2, which is about 20 cm in diameter and 4 cm in depth. 

A series of cylinders with different diameters was prepared 

inside. The following diameters have four cylinders each: 2 

mm, 3 mm, 4 mm, 5 mm and 6 mm. Each cylinder has a space 

area that is equivalent to the diameter of the cylinder. In 

addition, a 25 mm cylinder also was prepared for assessment 

of CNR. 

 

Figure 2: Design of contrast resolution computed  

tomography phantom. 

 

These cylinders were filled with materials that are slightly 

different (6-10 HU) from the background material [3], with a 

mean CT number of approximately 90 HU [20]. The material 

that filled the cylinders consists of 16 gm silicone rubber RTV 

(683), 72 ml silicone oil, and 0.97 ml catalyst. The outside 

cylinders were filled with material consists of 160 gm silicone 

rubber RTV 2 (683), 960 ml silicone oil, and 9.6 ml catalyst. 

A 25 mm circular area was used to verify the circular area-to-

background contrast level and to assess the CNR. 

Silicone rubber RTV (683) and silicone oil were mixed 

together by using a mixing machine for about 3 minutes 

before adding the catalyst to be homogenous. The sample also 

mixed in the same manner after adding the catalyst material. 

The air bubbles were eliminated by using a vacuum machine 

at 29 mericuri at room temperature 24-25 C. After pouring the 

result material in the module, then the module was left to dry 

for about one month to make sure it completely cured. 

CT images of developed material were investigated using a 

calibrated 128 slice Philip CT scanner at the academic 

hospital of the Universitas Gadjah Mada (Rumah Sakit 
Akademik) - Yogyakarta, Indonesia, operated at adult head, 

adult abdomen, pediatric head, and pediatric abdomen 

protocols. 

 

EVALUATION OF PHANTOM IMAGES 

According to the ACR CT accreditation phantom instructions, 

before scanning the accreditation phantom, the x-ray tube 

should be warmed-up and any essential daily calibration scans 

performed (air scans, water scans) as described by the 

manufacturer. We used the ACR CT calibration protocol with 

the following steps without any modification. 

The phantom was scanned with adult head, adult abdomen, 

pediatric head, and pediatric abdomen protocols. The phantom 

was positioned so that it was head first into the gantry. Patient 

orientation was supine head first on the scanner. The 

alignment lights of CT scanner were carefully placed over the 

scribe line consistent with the center of the phantom (foot end 

of the phantom). By using alignment lights, which are 

employed clinically, the phantom was aligned in the sagittal, 
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coronal, and axial planes. Slice thickness = 2 mm, scan field 

of view (SFOV) and display field of view (DFOV) not smaller 

than 21 cm. It should be noted that for all diameters: 2, 3, 4, 5, 

and 6 mm, there are four cylinders. To assess contrast to noise 

ratio (CNR), WW = 100 and WL = 100 determined on the 

image, a ROI (≈ 100 mm2) over the large (25-mm diameter) 

cylinder (A) and between the large cylinder and the 6 mm 

cylinders (B) should be defined. Calculation of the (CNR) 

uses the Eq. (1). 

CNR = |A-B|/SD                                   (1) 

Where: A is a mean signal in the ROI inside the 25mm; 

             B is a mean signal in the ROI outside the 25 mm; 

            SD is Standard Deviation from the ROI outside  

            the 25 mm. 

The CNR has to be larger than 1.0 for the adult head, and 

adult abdomen protocols. It has to be larger than 0.4 for the 

pediatric abdomen protocol and larger than 0.7 for the 

pediatric head protocol [20]. 

It is anticipated that other institutions could create this 

phantom for regular clinical use in contrast resolution 

assessment by following the described methodology and using 

the newly developed low cost silicone polymer materials. 

RESULTS 

Figure 3 shows the CT images of adult head, adult abdomen, 

pediatric head, and pediatric abdomen protocols, respectively. 

We were able to see group 2 mm in this test which pointed-

out the smallest contrast group. The HU values were 

measured inside and outside the 5 mm diameter cylinders on 

the images to demonstrate that there is a difference between 

inside and outside the cylinders which should be from 6 to 10 

HU. This result means that the test was accepted. Noise can be 

measured also on the same images (Figure 3). Table 1 shows 

the results of the CNR value on the images of adult head, 

adult abdomen, pediatric head, and pediatric abdomen 

protocols, the noise determination test was established due to 

the pass criteria CNR > 1 of the adult head and adult abdomen 

protocol, > 0.7 for the pediatric head protocol, and > 0.4 for 

the pediatric abdomen protocol. 

Finally, since all of the previous images passed the contrast 

resolution assessment of the adult head, adult abdomen, 

pediatric head, and pediatric abdomen protocols using the new 

phantom, the new phantom of contrast resolution assessment 

was accepted. 

A     B  

 C     D  

Figure 3: Images the phantom of computed tomography (A) adult head, (B) adult abdomen, (C) pediatric head, and (D) pediatric 

abdomen protocols, indicating low contrast group in the phantom. There are four cylinders with each diameter. These images were 

also used for measurement of noise. 
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Table 1. The contrast to noise ratio measurements from the images of computed tomography phantom Using adult head, adult 

abdomen, pediatric head, and pediatric abdomen protocols. 

Protocol 
A  

(HU Inside the Phantom) 

B 

 (HU Outside the Phantom) 

SD 

(Outside the Phantom) 
CNR = |A - B| /SD 

Adult Head 104.4 95.6 3.2 2.75 

Adult Abdomen 106.4 96.9 9.3 1.02 

Pediatric Head 102.3 93.6 4.6 1.89 

Pediatric Abdomen 109.0 100.5 10 0.85 

 

DISCUSSION 

Computed tomography (CT) which was introduced 3 decades 

ago is a significant investigative tool. In United States 

hospitals, CT accounts for 5–10% of all performed diagnostic 

radiology procedures. Over the recent years CT domains have 

increased rapidly. Some of the developments in CT 

technology are helical and multi-slice CT, real-time cardiac 

CT, micro-CT, and novel detectors like variable resolution x-

ray detectors that dramatically increase the image resolution. 

The reliability of these radiographic methods must be 

quantitatively evaluated, and therefore acceptance testing and 

quality control of CT scanners are thus significant [24]. CT 

image quality is the precision of depiction of the patient’s 

anatomy on a CT image. High quality images are needed for 

radiologists to give the accurate diagnoses. 

Medical images are used to diagnose diseases or defects in 

anatomy. They are also used to follow up a variety of disease 

conditions [2], [4]. Misdiagnosis is possible due to low image 

quality, resulting in small lesions and abnormalities for being 

possibly missed. Image artifacts, blurring, poor low contrast 

detectability and high levels of image noise are examples. To 

make sure that the images have acceptable quality and 

accuracy for clinical diagnosis, image quality should be 

assessed. Image quality as we explained before is a subjective 

concept; it necessitates certain quantifiable measurements to 

calibrate a phantom. To ensure quality images, modality-

specific phantoms are currently employed [2]. 

Low contrast resolution is the capability of a system to 

distinguish, on the image, objects with comparable densities 

[3]. Therefore, the visibility of image detail is best measured 

by contrast resolution [4], which it’s superior in CT to all 

other clinical modalities. In screen-film radiography, an image 

of the object should be visible with a minimum 5% variance 

in contrast from its background material, while CT is a 

remarkable low-contrast discriminator and can distinguish an 

object with a 0.5% contrast difference. The contrast difference 

in CT between objects is usually characterized by the 

percentage linear attenuation coefficient: 1% contrast 

difference match to a difference of 10 HU [3], [9]. The test 

frequency is annually or after relevant service [25]. 

The measurement of low contrast resolution is not easy since 

increased noise will produce poorly visualized objects. 

Instead, reducing image noise can increase low contrast 

resolution. By choosing a baseline for calibration where all 

objects are clearly visible, interobserver variability is reduced 

[21]. 

Since most CT scanners can differentiating less than a 1% 

contrast, the phantoms should be produced with a minimum 

tolerance on the material composition which become, 

therefore, generally more expensive [8]. This study offers a 

developed CT phantom to assess contrast resolution. The 

materials used are available, inexpensive, and easily 

adjustable. The phantom recipient was produced by 3d 

printing and using PLA plastic as the printing material. 3d 

printing allows for the manufacturing of stable objects of 

(almost) any shape. One future possible application, among 

several others, could be the production of individualized 

phantoms following the patient geometries [26]. 

Generally, the new phantom has several sized sets of 

cylindrical rods. The four cylinders of every series need to be 

considered to determine that the image gives the best low-

contrast performance [25]. The four cylinders of the 6 mm 

rods have to be visible [21], [27]. In our test, the images for 

all used protocols were located and viewed at the center of the 

phantom. The low contrast resolution tests were accepted as 

we have noticed the necessary large cylinders (25 mm). The 

four cylinders of the 6 mm were clearly evident. In all 

diameters, the four cylinders were clearly visible. These 

findings are in accordance with that of ACR CT phantom 

[25]. 

The variation in CT numbers above or below the average 

value is the noise of the system. When the values of all pixels 

are equal, the noise is zero [4]. The presence of noise on an 

image reduces its quality, namely its contrast resolution [3], 

[5]. Image noise is referred to as the unrelated information in 

the image [7]. It distorts the detectability of signals [1]. Noise 

in the image looks grainy. Low-noise images show very 

smooth to the eye. High-noise images become blotchy or 

marked [4]. Due to imaging statistical nature, noise is always 

present [6]. 

The CNR were 2.75, 1.02, 1.89, and 0.85 for adult head, adult 

abdomen, pediatric head, and pediatric abdomen protocols, 

respectively, which means that there are good agreements 

with CNR values at ACR CT accreditation phantom; > 1 of 

the adult head and adult abdomen protocol, > 0.7 for the 

pediatric head protocol, and > 0.4 for the pediatric abdomen 
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protocol. So, the tests were also accepted. 

A number of CT phantoms for contrast resolution assessment 

are available commercially for QC and image performance; 

they are very costly. Therefore, there is a need to produce a 

cheap CT phantom for contrast resolution assessment for QC 

purposes with low cost. This study reveals a new field in 

inspection of the efficacy of employing the silicone rubber 

RTV with silicone oil in construction of CT phantom for 

contrast resolution assessment, which is inexpensive, easily 

obtainable and easily made into molds. Moreover, the 

homogeneity of silicone rubber RTV increases over time. 

With the proposed method, any contrast level can be easily 

achieved by adjusting the proportion of additive without 

affecting parameters for image acquisition. This work also 

simplifies additional research to extend the range of 

applications of silicone rubber RTV in phantoms for different 

applications, such as dose calculation, either in CT scan or 

other radiology machines. This versatility will reduce the cost 

of purchasing commercial ones for each application. 

 

CONCLUSION 

This study aimed to develop a contrast resolution phantom to 

be used in CT scan QC. Silicone rubber RTV (683) and 

silicone oil materials can be used in construction of the 

phantom with high accuracy and low-cost manufacturing of 

CT phantoms for contrast resolution assessment. 
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