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Ágrip 

Inngangur: Notkun tölvusneiðmyndarannsókna er mikil í myndgreiningu og getur verið gríðarlega 

mikilvæg, hins vegar fylgir aukin hætta á auknu geislaálagi á sjúklinga vegna jónandi geislunar. Þess 

vegna, þegar tölvusneiðmynd er tekin af sjúklingi þarf að passa upp á að halda geislaskammti eins 

lágum og mögulegt er. Nýlegar rannsóknir hafa sýnt að einnig er mögulegt að taka tölvusneiðmyndir 

með lægra spennustigi (kV) sem eykur myndkontrast (CNR). Rannsóknin var framkvæmd með lægri 

geislaskammti, mun minna skuggaefni en hafði ekki áhrif á myndgæði. 

Tilgangur: Markmið rannsóknarinnar var að meta myndgæði við lægri geislun og skuggaefnisstyrk í 

tölvusneiðmyndarannsókn af kviðalíkani við lága kV tækni og mAs frá 250-650. 

Efni og aðferðir: Tölvusneiðmyndarannsókn af kviðalíkani með skuggaefni var framkvæmd á 

myndgreiningardeild Hjartaverndar. Líkanið var búið til úr kjöthakki  og mótaður var sívalningur (hæð 

10cm og þvermál 30cm). Rannsóknin var skipt í tvö prógröm við geislaorku 120kV með 

joðskuggaefnisstyrk (320 mgI/ml) og 80kV með lægri joðskuggaefnisstyrk (270 mgI/ml). Þessi 

Rannsókn var líka framkvæmd á mismunandi mAs frá 250-650. 

Myndgæði voru metin m.t.t. myndkontrasts eða kontrast-myndsuð hlutfall (e. CNR, Contrast to 

Noise Ratio), myndsuð og upplausn tölvusneiðmynda (e. LCD, low contrast detectability). Upplausn 

myndar var metin af tveim sérfræðingum sem notast við 5-einkunnaskala. CTDI (e. Computed 

Tomography Dose Index) er meðal geislaskammturinn sem mælist í einni sneið. CTDIvol er CTDIW 

deilt með sátinu og er gefið upp í mGy. DLP eða lengdargeislun (e. dose length product) er CTDIvol 

margfaldað með lengd skannsins eða sneiðþykkt margfaldað með hversu margar sneiðar í cm. 

Geislaálag (e. ED, effective dose, mSv) var svo hægt að áætla út frá DLP með reiknistuðli. CT tala og 

myndsuð voru mæld á bakgrunni og skuggaefnisvæði. CNR var reiknað frá CT tölu og myndsuði. Allar 

upplýsingar um CT-tölu, CNR, myndsuð, CTDIvol og LCD sem voru skráðar niður í SPSS 18 forritið og 

það notað við útreikninga í meðaltal og staðalfrávík. Meðaltölin voru borin saman fyrir tvo hópa 120 kV 

og 80 kV og marktektarmörkin voru sett við P gildið < 0.05. 

Niðurstöður: Geislaskammtur rannsóknar var lækkaður um allt að 38% við 80 kV og 650 mAs. Gildin 

sem höfðu verið fengið í 80 kV, 250-650 mAs og joðskuggaefnisstyrk (270 mgI/ml) samborin við þau í 

120 kV, 300 mAs og joðskuggaefnisstyrk (320 mgI/ml). CT-talan í 80 kV og 650 mAs var marktæk 

hærri en við (P=0.006) á meðan myndsuð sem fæst við 80 kV og 650 mAs var líka hærra en það í 120 

kV og 300 mAs en var enginn marktækur munur (P>0.05). Fyrir myndgæði, ekki var marktækur munur 

á milli meðaltala á CNR í 120 kV við 300 mAs og 80 kV við 650 mAs (P=0.091). Meðal LCD-

einkunnaskalar sem höfðu verið fengið í 120 kV við 300 mAs og 80 kV við 400-650 mAs var enginn 

marktækur munur við P-gildið > 0.05. 

Ályktanir: Það er hægt að lækka geislaskammta um allt að 38% með því að breyta tökugildum úr 120 

kV í 80 kV, einnig er hægt að minnka geislaskammta um 16% án þess að skerða myndgæði eða hafa 

áhrif á CNR og LCD. Rannsóknin getur leitt til lækkunar á geislaskömmtum barna og smávaxinna 

einstaklinga sem þurfa að fara í TS skuggaefnisrannsókn. 
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Abstract 

Objectives 

The purpose of study was to investigate image quality and radiation dose of multi-

detector computed tomography (MDCT) examination on an abdominal phantom 

using a standard protocol and a low tube voltage (kV) protocol with the low contrast 

agent dose at different tube current-time products (mAs). 

Materials and Methods 

The cylindrical phantom of a 10 cm thick and 30 cm diameter was done from the 

minced pork roll and used as the abdominal CT scan. The center of the phantom was 

a contrast enhanced injection syringe of the 40 mm diameter as a target object. The 

inside of the phantom contained a smaller cylinder module with the 8 cm diameter of 

low HU tissue equivalent background material.  

The contrast-enhanced phantom CT examination was performed by using with 

different tube voltage protocols of 120 kV and 80 kV at different tube currents 250-

650 mAs. The volume CT dose index (CTDIvol), CT number, image noise, contrast to 

noise ratio (CNR) and dose length product (DLP) were recorded. Image quality is 

semiquantitatively assessed by two blinded radiologists using a five-point scale. The 

differences between mean values of CNR, image noise and scores of LCD (low 

contrast detectability) obtained at 120 kV with 300 mAs and 80 kV with 250-650 mAs 

were compared respectively. The SPSS version 18 software was used to analyze all 

statistical data. A statistically significant difference when P value < 0.05 was 

considered. 

Results 

The radiation dose was reduced by 38% at 80 kV and 650 mAs. The values obtained 

at 80 kV and 250-650 mAs, compared to the values obtained with 120 kV at 300 

mAs. The iodine CT number with 80 kV at 650 mAs was significantly higher 

(P=0.006) while the noise value obtained at 80 kV with 650 mAs was higher than that 

obtained at 120 kV with 300 mAs but no significantly difference (P=0.052). For quality 

image, there were no significantly differences in mean values of CNR and mean 

scores of LCD. The CNRs obtained between two protocols 120 kV at 300 mAs and 

80 kV at 650 mAs were 69.37 and 65.13 (P=0.091). The mean scores of LCD 

assigned at 120 kV with 300 mAs and 80kV with 450-650 mAs (P>0.05). 
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Conclusions 

The radiation dose can be significantly reduced by up to 38% at low tube voltage 

protocol of 80kV and with reduced contrast agent dose of 16% while maintaining 

compatible image quality without degradation of CNR and LCD. The study has 

shown the greatest benefits in children, small sized adults and contrast CT 

examinations. 

Keywords: computed tomography, radiation dose, low tube voltage, low contrast 

agent dose and image quality. 
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1 Introduction  

Since the inception of computed tomography (CT) in the 1970s, its use has increased 

substantially because of its important role in both clinical diagnosis and therapy [1]. 

The frequency of CT examinations has increased rapidly, from 2% of all radiological 

examinations in year 1990 to 15% in year 2015 [1, 2]. But, unlike ultrasound and 

magnetic resonance imaging, CT exposes patients to radiation levels close to the 

annual dose received from natural sources of radiation; therefore, the increasing use 

of diagnostic CT examinations [3] has contributed to an increase in overall radiation 

doses [1, 3].  

Although CT represents only 15% of medical imaging procedures, it is responsible 

for at least one-half of the radiation exposure from medical imaging [4, 5] and CT is 

the largest contributor to medical radiation exposure in the United States and Europe 

[6]. It is estimated that as many as 2% of the cancer cases in the United States may 

be attributed to radiation exposure at CT examinations [7]. Therefore, some studies 

suggested that the radiation dose exposure reduction with a low tube voltage in CT 

examinations is still useful for clinical diagnosis and image quality. It has been shown 

that decreasing the tube voltage from 120 kV to 100 kV results in a 33% dose 

reduction, whereas reducing the tube voltage from 120 kV to 80 kV yields a 65% 

dose reduction at a constant tube current [8, 9]. However, tube voltage has a larger 

influence on radiation dose than tube current, and some studies have indicated that 

low tube voltage is useful for facilitating reductions in radiation dose [10, 11] and 

quantity of contrast material. In recent years, the abdominal CT scan with a low tube 

voltage technique and with iterative reconstruction (IR) and a reduced contrast agent 

concentration has been widely used for reducing the radiation dose, but the image 

quality is still good maintained [12].  

Some other studies on the phantom have shown that scanning with low tube 

voltage is possible to reduce radiation dose without reducing image quality [13, 14]. 

However, there are few reports about the effect of low tube voltage on abdominal 

image quality and low-contrast detectability (LCD). 

 On the other hand, factors such as the patient’s size, automatic exposure control 

(AEC), tube current-time product (mAs), and the availability of iterative reconstruction 

(IR) greatly influence on the use of low tube voltage at abdominal CT. Thus, in our 
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study, have to choose appropriate examination protocols on dual source CT (DSCT) 

system for the abdominal phantom CT scan with applying both the radiation dose 

and the contrast agent concentration at different tube current-time products (mAs). 

1.1 Dual source computed tomography 

The Siemens SOMATOM Sensation 192 scanner was recently introduced with dual-

source CT (DSCT) system equipping two X-ray tubes and two corresponding 

detectors [15]. The generation of dual source CT systems was introduced in 2006 

[16]. The two acquisition systems are two X-ray tubes and two corresponding 

detectors (Figure 1) [15], mounted onto the rotating gantry with an angular offset of 

90°.  

First, both X-ray tubes can be operated simultaneously in a standard spiral or 

sequential acquisition mode. Additionally, both X-ray tubes can be operated at 

different kV and mA settings and/or different pre-filtrations, allowing dual-energy data 

acquisitions. Potential applications of dual-energy CT include tissue characterization, 

calcium quantification and quantification of the local blood volume in contrast-

enhanced scans. Using the z-flying focal spot technique [16], each detector acquires 

192 overlapping 0.6-mm slices per rotation. The shortest gantry rotation time is 0.33 

s. The key benefit of DSCT for cardiac scanning is improved temporal resolution by 

using the half-scan sinogram in parallel geometry needed for ECG-controlled image 

reconstruction. 

  

Figure 1. Schematic illustration of a dual-source CT (DSCT) system with two tubes and two 
corresponding detectors offset by 90° provides temporal resolution equivalent to a 
quarter of the gantry rotation time. One detector (a) covers the entire scan field of 
view with a diameter of 50 cm, while the other detector (b) is restricted to a smaller 
diameter of 26 cm, central field of view. 
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1.2 Automatic exposure control  

Automatic exposure control (AEC) is used to provide a level of image quality in which 

there is consistent optical density for any examination regardless of the thickness 

(small, medium, and large) of the patient; image quality is controlled by varying the 

duration of the exposure on the basis of the size of the patient being imaged. Figure 

2 shows that  AEC system adjusting mA based on patient size to maintain a specific 

level of image noise and image quality [17]. 

AEC is implemented on CT scanners to meet a particular image quality level along 

a scan length and amongst patients [18]. AEC system determine the pateint 

attenuation and prescribe changes to the scanner output tailored to the specific 

patient and body region to meet the desired image quality [19]. It is particularly useful 

for non-homogenous scan regions or for body parts that are not uniform in size.  

 

 

Figure 2. AEC system is used to adjust the tube current (mA) to account for variations in body 
size and composition and maintain a specific level of image noise and image quality. 

 

The use of automatic exposure control may increase or decrease radiation dose 

(CTDIvol) depending on the patient size and body area imaged and image quality 

requested [18]. AEC aims to deliver a specified image quality across a range of 

patient sizes [19]. It tends to increase CTDIvol for large patients and decrease it for 

small patients relative to a reference patient size. Automatically adapts the tube 
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current or tube voltage (kV) according to patient attenuation to achieve a specified 

image quality.  

1.3 Automatic tube current modulation  

Automatic tube current modulation (ATCM) have been known as the most useful 

technique to reduce radiation dose exposure during CT scan but still mantaining 

image quality [18].  

ATCM refers to the automatic control of the mA in two directions of the patient (the 

x-y axis and the z-axis) during data acquisition (scanning process) by the use of 

specific technical procedures that take into consideration the patient size and the 

attenuation differences of the various tissues. The overall goal of ATCM is to provide 

consistent image quality despite the size of the patient and the tissue attenuation 

differences and to control the dose to the patient [20].  

The use of angular-longitudinal tube current modulation may decrease or increase 

CTDIvol depending on the patient size and body area imaged and image quality 

requested. An AEC feature that incorporstes the properties of both angular and 

longitudinal tube current modulation to adjust the tube current based on the patient´s 

overall attenuation and modulate the tube current in the angular (X-Y) and 

longitudinal (Z) dimensions to adapt to the patient´s shape [19]. 

 

Figure 3. Angular (X-Y) and longitudinal (Z) dimensions tube current modulation based on the        
patient´s overall attenuation and shape. 
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1.4 Iterative reconstruction (IR)  

Iterative reconstruction (IR) is a reconstruction algorithm to correct image data on the 

some CT models. In recent years, iterative reconstruction was widely used in PET 

and CT scan [18]. However, there are also some limitations of iterative reconstruction 

as the long scan time and the increased radiation dose. Therefore, a faster adaptive 

statistical iterative reconstruction was developed as a corrective technique, used to 

reduce image noise. The one of main problems of low radiation dose CT scan with 

filtered back projection (FBP) is image noise, and this new iterative reconstruction 

technique have replaced filtered back projection to solve increasing image noise with 

decreased radiation dose [21]. 

Iterative reconstruction (IR) algorithms have been developed as a tool to reduce 

the radiation dose and optimize image quality by reducing image noise. A previous 

study also suggested that the use of iterative techniques for medical CT imaging that 

simultaneously provide for good image quality with detectability of low-contrast 

lesions and significant dose reduction [12]. By a combination of low tube voltage and 

advanced image iterative reconstruction algorithms can reduce radiation dose and 

contrast agent concentration but still to provide for a good image quality. 

1.5 Low tube voltage technique 

Because radiation dose for CT scan is determined by many factors [22], there are 

some different methods to reduce the radiation dose in CT. The one of these direct 

ways is reducing tube current or tube voltage that can lead to decrease radiation 

dose. However, lowering tube current is most widely used in CT scan, because it is 

easier to modify radiation dose and create the more predictable results. Low tube 

voltage technique is particularly useful for radiation dose reduction, small patient’s 

size or using contrast agents in blood vessel CT scan. This is most important to avoid 

radiation overdose exposure in all children, small adults and contrast CT 

examinations. 

Tube voltage reduction is less used than varying tube current because there are 

some limitations. Usually, Tube voltage changes are limited and only can be adjusted   

from 80-140 kV [22]. For example, Tube voltage reduction of 17% from 120 to 100 kV 

will can reduce radiation dose all up to 30% [23], because radiation dose is 

proportional to tube voltage in the power of more than 2 [24]. Moreover, there is an 

inverse relationship between radiation dose and image noise. A greatly decreased 
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radiation dose is surely accompanied by a considerably increased image noise that 

can produce a compensatory increase in tube current. Reduction of tube voltage 

from 120 to 80 kV requires an almost fourfold increase in tube current to keep 

unchanged image noise and  without decreasing image quality [22]. Images of 

reduced radiation dose CT can be simulated by increasing image noise to CT images 

in standard radiation dose, then tube current will be increased to decrease noise and 

provide image quality [22]. 

Tube voltage reduction may be useful for CT examination with iodine-containing 

contrast media. For contrast-enhanced chest CT, a reduced- radiation dose protocol 

is performed by using a tube voltage reduction from (120 kV and 90 mAs) to (80 kV 

and 135 or 180 mAs) [9]. Radiation dose was estimated to be reduced 56% and 41% 

with these two low-tube-voltage protocols without reducing image quality [9].  

1.6 Radiation dose 

The patient’s radiation dose is estimated with volume CT dose index (CTDIvol, mGy), 

dose length product (DLP, mGy.cm) and effective dose (ED, mSv). For any given 

scanning technique, patient dose depends on the size and attenuation of the patient 

[25]. Therefore, the displayed CT dose index is smaller than the actual dose 

delivered to young children and thin patient. 

CTDIvol is the mean dose of the exposure per tissue slice in the z-axis, which can 

be calculated with the following relationship for spiral/helical CT imaging. CTDIvol is 

derived by dividing the weighted CT dose index (CTDIw) by the pitch factor of the 

tube rotation  [18]: 

CTDIvol (mGy) = CTDIw/pitch 

CTDIw is accounted for the average dose in the x-y axis of the patient instead of 

the z-axis or a measure for radiation dose in a single axial scan. Pitch has been 

defined as a ratio of the distance the table movements per revolution (in millimeters) 

to the total nominal beam collimation or beam width (in millimeters) [18]. 

The dose performance of CT scanners is tested through measurement of the CT 

dose index (CTDI). Instruments used to determine the CTDI from one axial rotation of 

the scanner with use of a 100 mm pencil ionization chamber in standard cylindrical 

phantoms made from polymethyl methacrylate (PMMA) 320 mm and 160 mm in 

diameter representing the body and head respectively [26]. The pencil ionization 
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chamber probe is inserted into the center of the body phantom to measure the 

central CTDI100. 

Measurements are made with a CTDI chamber at the centre (CTDIc) and four 

peripheral (CTDIp) positions, for which results are averaged, in a phantom, and the 

weighted CTDI (CTDIw) derived using the equation [27]: 

CTDIw = 1/3CTDIc + 2/3CTDIp 

The DLP is yet another dose descriptor used in CT dose studies and reported in 

the literature and on CT scanners. Although the CTDIvol provides a measurement of 

the exposure per slice of tissue, the DLP provides a measurement of the total 

amount of exposure for a series of scans [18]. The DLP can be calculated if the 

length of the irradiated volume (scan length) and the CTDIvol are known by using the 

following relationship: DLP (mGy.cm) = CTDIvol (mGy) × Scan length (cm). 

The radiation risk to the patient can be estimated from the effective dose (ED) in 

millisieverts, which can be calculated by summing the absorbed doses to individual 

organs weighted for their radiation sensitivity [28]. However, a reasonable 

approximation of the effective dose can be obtained with a conversion factor k (mSv 

× mGy-1 × cm-1, where mSv = millisieverts and mGy = milligrays) that varies 

depending on the body region being imaged (Table 1) [25]. From the volume CT 

dose index (CTDIvol) and dose-length product (DLP), the effective dose (ED) can be 

roughly calculated as the equation:   

ED (mSv) = DLP (mGy.cm) × conversion factor k. 

In present study of abdominal phantom CT scan, the effective dose (ED; mSv) 

would be estimated by multiplying DLP and a conversion factor k of 0.015 [29]. 

Table 1. Conversion factor for calculating effective dose 

Anatomic Region 
Conversion Factor 

(mSv × mGy
-1

 × cm
-1

) 

Head 0.0023 

Neck 0.0054 

Chest 0.017 

Abdomen 0.015 

Pelvis 0.019 

Source is reference 31. 
 

Note: mGy = milligrays, mSv = millisieverts. 
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1.7 Diagnostic reference levels and determining Protocols 

The diagnostic reference levels (DRLs) and image quality can refer to the level of 

accuracy in determining CT scan protocols. It depends on the optimization of the 

scan protocols including many important parameters such as tube voltage, tube 

current, section thickness, collimations, pitch and image reconstruction kernel. The 

adjustment of one among these parameters can influence to different AEC systems 

depending on the used CT models. For example, on Siemens CARE Dose systems 

or other AEC systems, when we adjust the tube voltage and section thickness but will 

not affect the tube current, which permit to adjust the levels of image noise, based on 

different patient’s sizes [30].  

Some reference values on AEC systems are very important for CT scan. They 

are an appropriate noise index, standard deviation, reference mA (milliamperage), or 

reference image on AEC systems. The process for selecting these reference values 

is not simple, however. There are two ways to select appropriate values in the use of 

AEC systems for CT scan. The European Guidelines on Quality Criteria for CT scan 

are a good standard for optimizing CT scan protocols and image quality using DRLs 

or reasonable radiation dose [31]. These guideline values are provided by related 

scan technique depending on a standard-sized patient for each considered CT 

examination (Table 2). Second another way to optimize CT scan protocol needs to 

use a simulated software for CT scan, but this technique is not currently popular [25]. 

Table 2. European Guidelines for the Diagnostic Reference Levels of CT Examinations 

  Diagnostic Reference Level 

Examination CTDIW (mGy) DLP (mGy × cm) 

Routine head 60 1060 

Face and sinuses 35 360 

Vertebral trauma 70 460 

Routine chest 30 650 

High-resolution CT (lung) 35 280 

Routine abdomen 35 780 

Liver and spleen 35 900 

Routine pelvis 35 570 

Osseous pelvis 25 520 

Source is reference 31. 
  

Note: CTDIw = weighted CT dose index, mGy = milligrays. 
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In patient-size AEC, the tube current is adjusted based on the overall size of the 

patient to reduce the variation in image quality between small patients and large 

patients. For a given patient size, the appropriate milliamperage is selected and is 

used for the entire examination or scan series [25]. With automatic current selection 

(ACS), tube current is set so that 90% of the images will have noise equal to or lower 

than that of the reference image in a standard protocol, with the remaining 10% of 

images having noise equal to or higher than that of the reference image [25]. 

1.8 Radiological protection 

The new recommendations of the International Commission on Radiological 

Protection were radiation effects, doses from radiation exposure and protection in 

medicine [31]. The radiation exposure protection of patients in diagnostic medical 

imaging is best to pay attention to radiation dose values and compare with diagnostic 

reference levels (DRLs). DRLs are used in medical imaging with ioning radiation to 

indicate whether, in routine conditions, the patient dose or administered activity 

(amount of radioactive material) from a specified procedure is unusually high or low 

for that procedure. Some recent studies have shown that the abdominal phantom CT 

scan with low tube voltage technique can reduce significantly radiation dose. The 

highest CTDIw at 80kV and 650 mAs is 9.8 mGy lower than that very much 

compared to DRLs but still maintaining a good image quality [13, 32], while at 120 kV 

and 300 mAs standard protocol, CTDIw is 14 mGy. In European Guidelines on 

Quality Criteria for CT scan have the recommendations for DRLS in various CT 

examinations (Table 2). DRLs for routine abdominal CT scan are CTDIw of 35 mGy 

and DLP of 780 mGy×cm [31]. There are many good technique factors to decrease 

radiation dose in CT scan to be such as: 

- Using a lower tube voltage (kV) or a tube current (mAs) reduction 

- Tube current modulation to adjust the tube current based on the patient size 

and body parts 

- To reduce scan length when necessary 

- Body area is always positioned at the iso-center of the CT gantry 

- To determine accuratly imaged position depending on different clinical 

indications 
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- Inceasing pitch or thicker slices to reduce scan time 

Therefore, abdominal phantom CT our study is performed with low tube voltage 

technique at different mAs and its purpose will be to can greatly reduce radiation 

dose without decreasing image quality. 
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2 The purpose of the study 

The purpose of this study was to show how multi-detector CT (MDCT) examinations 

of an abdominal phantom performed with low tube voltage by using dual energy CT 

scans and can substantially reduce radiation dose while providing diagnostic-quality 

CT images. In study, we would like to make the hypothesis that to compare image 

quality scores of LCD at a 120 kV standard protocol and a low tube voltage protocol 

of 80 kV with a lower contrast agent dose and different tube current-time products 

(mAs). 

This study was also performed to determine the effect of low tube voltage usage of 

80 kV on image noise (SD, standard deviation from CT number), contrast to noise 

ratio (CNR) and radiation dose. 
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3 Materials and methods 

The phantom CT study used axial protocol. According to a previous reference study 

[13], scanning in our study was done on a standard 120 kV tube voltage and a low 

tube voltage of 80 kV with a tube current arrangement of 250, 300, 350, 400, 450, 

500, 550, 600 and 650 mAs. Descriptive characteristics, technical scan parameters 

and protocols of study are shown in (Table 3). 

This study was performed at Icelandic Heart Association for thesis of diploma 

degree in 3 months. The first month for collecting data from a phantom CT 

examination, reading science papers, then to write background. In the second month, 

did the methods of science study, statistical analysis and give out results. The last 

month had put out discussions, conclusions and to complete the study in the definite 

deadline. 

Table 3. Technical scan parameters, descriptive characteristics and protocols of study 

Parameter Reference protocol Study protocol 

Tube voltage  120 kV  80 kV 

Helical multi-slice scan  192 x 0.6 192 x 0.6 

Dual energy CT mode Siemens Siemens 

Noise Index  30 30 

Slice thickness (mm) 3 3 

Pitch 0.6 0.6 

Scan time (s) 1.95 1.95 

Tube rotation time (s) 0.5 0.5 

FOV (mm) 330 330 

Image reconstruction No No 

Contrast agent concentration (mgI/mL) 320 270 

 Plastic Syginge (ml) 100 100 

Contrast agent volume (ml) 100 100 

Scan delay (s) 2 2 

CTDIvol (mGy) mean± SD 30.11± 3.04 8.64 ±0.88 

DLP (mGy.cm) mean± SD 309.06 ± 31.15 88.5 ± 9.0 

ED (mSv) mean± SD 4.64 ± 0.47 1.33 ± 0.14 

Background CT value mean± SD  -106.67 ± 0.73 -114.43 ± 0.58 

Target CT value mean ± SD  2796.5 ± 13.5 2802.4 ± 5.5 

CNR  71.29 ± 0.66 42.75 ± 2.04 

Subjective score mean of LCD* 3.67 ± 0.52 3.5 ± 0.55 
*Subjective score mean of low contrast detectability (LCD) obtained at 120 kV with 300 mAs and 80 kV 

with 650 mAs. 
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3.1 Phantom description 

We used a standard abdominal phantom for CT scan containing the materials like 

contrast enhanced tissues of the human body as liver, spleen, pancreas, kidney, 

renal cysts, muscle and fat. The phantom was a 10 cm thick and 30 cm diameter 

cylinder module and done from the steamed and minced pork roll (Figure 4). A part 

inside the phantom have contained a smaller cylinder module which consists of a 10 

cm thick and 8cm diameter slice of low HU tissue equivalent background material. 

The phantom was a total test object having the higher HU tissue containing an 

injection syringe with the 40 mm diameter as a target object put at the center of the 

cylinder module to measure low contrast performance. The cylinder injection syringe 

contained about 100 ml of iodine contrast agent (Visipaque) and that deviated from 

nominal contrast concentration levels by 320 mgI/ml and 270 mgI/ml. There were the 

signs of head and foot on the phantom to detect the positions of front and back. In 

our study, the phantom was always positioned at the iso-center of the gantry. 

 

Figure 4. The steamed and minced pork phantom with size of a 10 cm thick and 30 cm diameter 
cylinder. 
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3.2 CT protocols and data reconstruction 

Scans were performed using a 192-slice dual energy CT machine (The Siemens 

SOMATOM Sensation 192 scanner at Icelandic Heart Association) equipped with a 

120 kV standard protocol. Iodinated contrast material of 320 mg Iodine/ml is 

Iodixanol (Visipaque, 320 mg Iodine/ml). All scans were performed using the 

following parameters: beam collimation (2 × 192 × 0.6 mm); section thickness 3.0 

mm; helical pitch 0.6; scanning field of view (FOV) 330 mm and pixel matrix size of 

512 × 512. The phantom was scanned by using large body FOV. 

Scans in the standard tube voltage group were performed using 120 kV and 300 

mAs. Scans in low tube voltage group are performed using 80 kV with lower contrast 

agent dose (270 mg Iodine/ml) and 250-650 mAs.   

3.3 Radiation dose estimation 

This study used CTDIvol to estimate the radiation dose. CTDIvol was obtained on 

standard tube voltage and low tube voltages at various mAs (tube current-time 

products). 

The volume CT dose index (CTDIvol, mGy) and dose length product (DLP, 

mGy.cm) were provided by the CT scanner that data were recorded at different mAs 

from 250-650. 

CTDIvol is the mean dose of the exposure per tissue slice in the z-axis, which was 

calculated with the following relationship for dual energy helical CT imaging. CTDIvol 

is derived by dividing the CTDIw by the pitch factor of the tube rotation: CTDIvol 

(mGy) = CTDIw/pitch. 

The DLP was calculated with the scan length of 10 cm and the CTDIvol are known 

by using the following relationship: DLP (mGy.cm) = CTDIvol (mGy) × Scan length 

(cm) or CTDIvol (mGy) × 10 (cm). 

In our study of a 30 cm abdominal phantom CT scan, the effective dose (ED; mSv) 

was estimated by multiplying DLP and a conversion factor of 0.015.  

3.4 CT image quality assay 

The most important parameters with respect to CT image quality are image noise, 

CT-numbers, CNR, uniformity, spatial resolution and low contrast resolution. 

We had needed to have the evaluation of at least two radiologists with many years 

of experience in the diagnostic radiology speciality for assessment of low-contrast 
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detectability (LCD) or low contrast resolution. Low contrast resolution is the ability to 

distinguish objects or tissues having different densities. It depends on the contrast 

level of the object or tissue, its image noise and window settings of window widths 

and contrast levels showed the visibility of low contrast tissues on the image. Spatial 

resolution is the ability to distinguish small objects or materials having strongly high 

contrast compared to the empty background. All image quality attributes were 

evaluated by two radiologists using a diagnostic score of LCD based on a five-point 

scale: 5, very good or excellent; 4, good; 3, fair or moderate; 2, poor; 1, very poor or 

non-diagnostic. Images having the subjective scores of LCD ≥ 3 points are 

acceptable in the clinical diagnostic. The assessment protocol of LCD allows the 

adjusting of window widths and levels. 

For quantitative evaluation, the average CT-number or CT value and SD were 

measured in the target containing contrast enhanced agent and in the unenhanced 

background by circular region of interests (ROIs) (Figure 5). ROIs of the same size 

were used to measure the mean CT-numbers and the standard deviations in the 

contrast enhanced target and the background in the low contrast module. ROIs used 

for CNR measurements were 11cm2 in the same position of the selected scan slice. 

For the mean CT values of the target and background, mean SD values in the 

unenhanced background and the dose normalized CNR (CNRD) were considered 

figures of merit for image quality. CNR was calculated as (mean CT value target − 

mean CT value background)/SD background. 

 

Figure 5. Circular region of interests (ROIs) is used to measure Iodine CT number of target and 
image noise of background at 120kV and 300mAs. 
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3.5 Statistical analyses 

Database management and analysis were performed using SPSS® version 18 

(SPSS Inc., Chicago, IL, USA). Data were presented as the mean ± SD. Normally 

distributed data as CNR, SD and CTDIvol were compared using independent-

samples t-test. The relationship between CNR and CTDIvol, also as between SD and 

tube current-time product settings mAs were tested using the linear regression 

analysis and Pearson correlation coefficient (r). Quantitative image quality 

parameters of the study and reference protocols were compared differences in mean 

scores of LCD between standard setting (120 kV and 300 mAs) and low tube voltage 

settings (80 kV and 250-650 mAs) using a nonparametric Mann–Whitney U test. All 

statistical analyses were performed with a SPSS version 18 software package, and a 

statistically significant P value of less than 0.05 was considered. 

4 Results  

4.1 Radiation Dose 

CTDIvol and DLP are the estimated values of the radiation dose obtained from each 

set of the irradiation conditions. The results obtained are shown in Table 4. In the 

same tube current- time product arrangement with different tube voltages, CTDIvol 

and DLP values obtained at 80 kV were approximately 29% of that at 120 kV, 

thereby reducing the received radiation by 71%. 

Table 4. CTDIvol and DLP values at different kV and mAs 

Tube current -time 

product (mAs) 

CTDIvol (mGy) DLP (mGy.cm) 

120 kV 80 kV 120 kV 80 kV 

250 17.05 4.79 175.0 49.2 

300 20.03 5.75 205.6 58.1 

350 23.38 6.72 240.0 68.9 

400 26.68 7.68 273.8 78.8 

450 30.08 8.64 308.7 88.7 

500 33.43 9.60 343.1 98.5 

550 36.78 10.55 377.4 108.2 

600 40.13 11.51 411.8 118.1 

650 43.47 12.49 446.2 128.1 

Computed tomography dose index volume (CTDIvol) and dose length product (DLP) and  based on the 

manufacturer’s data. 

 



  

27 

Compared with the CTDIvol obtained at a 120 kV and 300 mAs standard protocol, 

the relative CTDIvols obtained at 80 kV were 24% at 250 mAs, 29% at 300mAs, 34% 

at 350 mAs, 38% at 400 mAs, 43% at 450 mAs, 47% at 500 mAs, 53% at 550 mAs, 

57% at 600 mAs, and 62% at 650 mAs.  

4.2 Image Quality  

4.2.1 CT number, image noise and CNR values 

The results of CT number, image noise and CNR mean values in the CT scan image 

at each scanning technique of the irradiation conditions are listed in Table 5.  The 

noise values obtained at 80 kV with 250-600 mAs in the study condition were higher 

than the noise value obtained at 120 kV with 300mAs as the standard tuning 

condition for CT scan and so its significance value (P < 0.001) at 250-550 mAs, but 

P=0.002 at 600 mAs. However, the noise value obtained at 80 kV and 650 mAs was 

not significantly higher than that obtained at 120 kV and 300 mAs (P=0.052) (Table 

5). Compared to the iodine CT number obtained with 120 kV at 300 mAs, the iodine 

CT number with 80 kV at 650 mAs was significantly higher (P=0.006), but no having 

a statistically significant difference for iodine CT number at 80 kV and 250-600 mAs 

(P>0.05) (Table 5).  

Table 5. CT number, image noise and CNR values obtained at each set of acquisition condition. 

Tube current -time 

product (mAs) 

Iodine CT 

Number 
  Image Noise   Target CNR 

  

120 kV 80 kV P Value* 120 kV 80 kV P Value* 120 kV 80 kV P Value* 

250 2710 2778 0.48 43.71 73.60 < 0.001 64.76 39.40 < 0.001 

300 2789 2778 0.53 41.83 73.19 < 0.001 69.37 39.53 < 0.001 

350 2791 2796 0.65 41.18 72.72 < 0.001 70.44 40.03 < 0.001 

400 2789 2801 0.51 40.96 72.36 < 0.001 70.75 40.30 < 0.001 

450 2794 2804 0.13 40.67 72.21 < 0.001 71.33 40.42 < 0.001 

500 2799 2808 0.70 40.41 71.83 < 0.001 71.89 40.69 < 0.001 

550 2805 2810 0.09 40.16 58.95 < 0.001 72.48 49.64 < 0.001 

600 2828 2820 0.07 40.05 52.03 0.002 73.24 56.44 0.004 

650 2863 2826 0.006 39.90 45.07 0.052 74.35 65.13 0.091 

Data presented as mean. *P values < 0.05, independent-samples t-test. Values are CT number, image noise and contrast to noise 

ratio.*The P values are those obtained at 80 kV with the 250-650 diffenrent  mAs, compared with values at 120 kV and 300 mAs. 
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On the other hand, mean value of iodine CT number in study protocol measured at 

80 kV lower tube voltage was higher than that measured at 120 kV standard protocol 

(Table 2), but there was no statistically significant value (P>0.05). By using a two-

tailed Student’s t test, the CNRs obtained at 80 kV with 250–550 mAs and the CNR 

at 80 kV with 600 mAs were alternately significantly lower than that at 120 kV and 

300 mAs with P<0.001 and P=0.004 (Table 5). However, there was no significant 

difference between the CNR obtained with 120 kV at 300 mAs and the CNR obtained 

with 80 kV at 650 mAs (P=0.091) (Table 5). Even the CNR obtained at 80 kV and 

650 mAs was 65.13 still higher than that obtained at 120 kV and 250 mAs was 64.76. 

4.2.2 Relationships between radiation dose and image quality values 

4.2.2.1 Correlation between CNR and CTDIvol 

There was a directly strong correlation between CNR and CTDIvol with Pearson 

correlation coefficient r=0.91 (P<0.001) for irradiation at 120 kV standard tube 

voltage, while r=0.845 (P=0.004) on 80 kV lower tube voltage. CTDIvol on low tube 

voltage of 80 kV produced a lower CNR, compared to CNR at 120 kV (Figure 6).  
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Figure 6. Graph shows a positive correlation between CTDIvol and CNR. The Pearson 
correlation coefficient (r) and the corresponding P values were r=0.845; P=0.004 at 80 
kV and r=0.91; P<0.001 at 120 kV. 
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With the equal CTDIvol values, the CNR obtained at lower tube voltage of 80 kV 

was higher than that resulted at 120 kV. In the same CNR, however, the CTDIvol of 

80 kV lower tube voltage was greatly lower than that at 120 kV (Figure 6).  

 

4.2.2.2 Relation between image noises and tube current-time settings 

At the same irradiation of tube currents and different tube voltages, the noise values 

from the lowest to the highest can be seen in Figure 7.  

As expected, the image noise was strongly inversely correlated to tube current, 

with the Pearson correlation coefficient r =0.935 and P<0.001 at 120 kV. However, 

there was a weaker than inverse correlation between image noise with tube current-

time (mAs) at 80 kV lower tube voltage, r=0.84 and P=0.005. At identical tube 

current, the lowest and the highest noise are seen at 120 kV and 80 kV, respectively 

in Figure 7. However, image noise obtained at 80 kV was significantly higher than 

that at 120 kV with the most P values < 0.001 (Table 5). 
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Figure 7. Graph shows an inverse correlation between tube current time (mAs) and image 
noise. At each identical tube current-time product, image noise at 80 kV was 
significantly higher than that at 120 kV. 
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4.2.3 Subjective score of LCD 

The subjective scores of LCD assigned by two observers are shown in Table 6. The 

mean scores of the images were assigned by two independent radiologists at 120 kV 

and 300 mAs to be 3.67 ± 0.52. At 80 kV, the mean score (2.67 ± 0.82 at 250 mAs, 

2.83 ± 0.75 at 300-400 mAs) was significantly lower than that at 120 kV and 300 mAs 

(P<0.05, P=0.03 at 250 mAs; P=0.049 at 300-400 mAs) (Table 6). However, the 

comparison  between the mean score obtained at 120 kV and 300 mAs and the 

mean score achieved at 80 kV and other mAs was no statistically significant 

difference with P values were investigated (P=0.092 at 450 mAs; P=0.29 at 500 mAs; 

P=0.465 at 550-600 mAs and P=0.6 at 650 mAs) (Table 6). 

Axial contrast enhanced CT image obtained at 80 kV, 650 mAs with lower contrast 

agent concentration (270 mgI/ml) showed increased Iodine CT value of 2826 HU and 

background image noise of 45.07 HU, while this axial CT image obtained at 120 kV, 

300 mAs and higher contrast material concentration (320 mgI/ml) had shown lower 

Iodine CT value of 2789 HU and background image noise of 41.83 HU (Figure 8, 

Table 5). However, CNR of 69.37 obtained at 120 kV and 300 mAs, there was no 

statistically significant difference with CNR of 65.13 obtained at 80 kV and 650 mAs 

(P>0.05) (Table 5). 

Table 6. The subjective scores of image quality LCD (low contrast detectability) 

Background Iodine Object Background Iodine Object

80 250 2 4 2 3 3 2 2.67 ± 0.82 0.03

300 3 4 2 3 3 2 2.83 ± 0.75 0.049

350 3 4 2 3 3 2 2.83 ± 0.75 0.049

400 3 4 2 3 3 2 2.83 ± 0.75 0.049

450 3 4 3 3 3 3 3.17 ± 0.41 0.092

500 4 4 3 3 3 3 3.33 ± 0.52 0.29

550 4 4 3 3 4 2 3.33 ± 0.82 0.465

600 4 4 3 3 4 2 3.33 ± 0.82 0.465

650 4 4 3 3 4 3 3.5 ± 0.55 0.6

120 300 4 4 3 4 4 3 3.67 ± 0.52 1

Radiologist BTube current -time 

product (mAs)

Tube voltage 

(kV)
Mean ± SD *P  value

Radiologist A

 

*The P values are those obtained with 80kV at the 250-650mAs settings compared with the values obtained at 120kV 

and 300mAs. There are good agreement between radiologist A and radiologist B in regard to subjective scores of LCD. 
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A.   B.  

Figure 8. Axial contrast enhanced image obtained at 80 kV lower tube voltage, 650 mAs with 
iodine concentration of 270 mgI/ml (B) but without degradation of CNR and LCD 
compared to image obtained at 120 kV, 300 mAs with iodine concentration of 320 
mgI/ml (A). 
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5 Discussions 

5.1 Radiation dose and image quality 

CT Scan or commonly referred to as Computed Tomography is a method of medical 

depiction using tomography, which relies on X-rays in producing images from the 

inside of an object, which in this case is human [14]. Improvement in MDCT 

technology now allows CT examinations to be easily and fast performed, leading to a 

possible increase of the radiation dose to patients. Current CT scans are often used 

to confirm the diagnosis of patients suspected of having cancer disorders. Besides, 

CT scan can cause the risk of death from cancer, especially for patients who have 

CT scan more than 1 times [14]. the radiation exposure and risk of cancer death from 

hepatic CT examinations have notably increased because multiple-phase dynamic-

enhanced CT scan is routinely performed [13]. The management of patient doses is 

of major concern at the head MSCT examination. 

In study, we used the CT dose index volume (CTDIvol) based on the 

manufacturer’s data for estimation of radiation dose, then to calculate DLP and ED. 

CTDIvol is a good measure of CT radiation dose for applications where the patient 

table is incremented during the scan. In this study, we used the CTDIvol for the 

radiation dose present in the monitor expressed in mGy. Adoption of CTDIvol as the 

intensity of the radiation dose would facilitate accurate comparisons of radiation 

doses used for different tube voltages. For instance, in our study, it is easy for us to 

compare the difference of radiation dose between 80 kV and 120 kV tube voltage. 

Results of our study showed that it was possible to reduce radiation exposure 

substantially by decreasing the tube voltage from 120 kV to 80 kV. However, it has its 

limitations. Because radiation exposure is the average dose of a homogeneous 

cylindrical phantom, the measurements are only an approximation of patient dose. 

Another limitation is that CTDIvol phantom does not provide a suffciently long scatter 

path relative to the typical length of a human; hence, the patient dose may be 

underestimated with CTDIvol [14, 33]. Therefore, the results of radiation dose based 

on the CTDIvol in our study could not be accurate represented patient dose. 

Furthermore, the difference of the radiation dose between the central and peripheral 

cavities of the phantom also could not be discerned by using the CTDIvol as 

estimation of radiation dose. In the present study, we found that CTDIvol, DLP and 

ED in abdomial phantom CT examination could be decreased by 38% with lowering 
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tube voltage from 120 to 80 kV. This indicates that to reduce the radiation dose 

received by the patient does not always rest on the use of a 120 kV tube voltage, 

with the use of a tube voltage below 120 kV the patient's received radiation dose can 

be reduced significantly. 

In present study, our findings showed that there was a direct correlation between 

the CNR and the CTDIvol, which was consistent with previous studies [34, 35]. The 

higher the CTDIvol will lead to the higher the CNR value. Although the mean CNR 

was decreased when CT acquisition was performed at a tube voltage of 80 kV and 

an identical tube current setting, CNR improved substantially when identical CTDIvol 

was used. Compared with CNR obtained at 120 kV and 300 mAs, there was 

statistically significant difference of the greatly lower CNR at 80 kV and 250-550 mAs 

(P<0.001) but at 80 kV and 600 mAs (P=0.004). However, there was no significantly 

difference between CNR obtained at 120 kV with 300 mAs and at 80 kV with 650 

mAs (P>0.05). This might suggest that image quality including CNR acquired at 80 

kV with tube current higher than 650 mAs is equivalent to that acquired at 120 kV 

and 300 mAs. Furthermore, the relative radiation dose obtained at 80 kV and 650 

mAs was 62% of that at 120 kV and 300 mAs, respectively. Therefore, we postulate 

that scanning with a low tube voltage as low as 80 kV is feasible in abdominal CT 

examination without loss of diagnostic accuracy when the tube current is higher than 

650 mAs allowing reduction in less than 38% radiation dose. 

LCD is one of the most important factors in abdominal CT, especially when looking 

for small lesions in abdominal organs such as soft tissues that are liver, spleen, 

pancreas, or kidneys. This LCD is not only relevant for unenhanced series but also 

contrast enhanced series, as contrast between normal and abnormal tissue may be 

only slightly increased by iodine [36]. In present study, the target object is the 

cylinder injection syringe containing about 100 ml of iodine contrast agent that used 

with different concentration levels by a concentration of 320 mgI/ml at 120 kV 

standard tube voltage but a lower concentration of 270 mgI/ml for study tube voltage 

of 80 kV. The two experienced radiologists subjectively assessed the visibilities of 

low-contrast images, the subjective scores of LCD assigned at 80 kV and 650 mAs 

did not differ significantly from those assigned at 120 kV and 300 mAs. Furthermore, 

the mean score of LCD obtained at 80 kV and 650 mAs was slightly lower than that 

at 120 kV and 300 mAs, while the mean scores of LCD valued at 80 kV and 250-600 
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mAs were substantially lower than, compared to that at 120 kV and 300 mAs. These 

results suggested that a reduction from 120 kV to 80 kV and 650 mAs also could 

result in up to 38% dose reduction without compromising LCD. Similar to our 

findings, a previous study by Funama et al. [34] showed that a 35% reduction in the 

radiation dose could be achieved when scanning was performed at 90 kV rather than 

at 120 kV without degradation of LCD. Therefore, our findings also suggested that 

lower tube voltage could be used in abdominal CT thereby achieving radiation dose 

reduction while maintaining acceptable image quality. In this study, we found no 

statistically significant difference in both CNR and LCD at 120 kV and 300 mAs 

compared with those at 80 kV and 650 mAs, which also is in accordance with a 

previous study [37]. The results of this study also have shown that there was a 

significant correlation between the mean CNR measurements and the subjective 

scores of LCD (r=0.75; P<0.05). 

The main defect of the low tube voltage technique is the increase in image noise 

caused by the reduced photon absorption. In our study, we found that the noise 

values obtained with 80 kV at the 250–550 mAs and 600 mAs settings were 

significant higher than that obtained with 120 kV and 300 mAs (P<0.001 and 

P=0.002). As with previously reported studies [13, 35], our findings showed also 

similarly that there was an inversely correlative association between the image noise 

and the tube current. In another way, the image noise will be increased when tube 

current is decreased or lower tube voltage is performed in CT scan and vice versa. 

An increased image noise, however, will affect too much on the quality of abdominal 

images because the tissues in abdominal region have lower contrast than that in 

other region. Therefore, when CT scan performed with low tube voltage will require 

higher tube current settings to optimize the radiation dose and without decreasing 

image quality. In the recent years, some articles showed that the new techniques 

should be developed to reduce image noise [38, 39] as well as faster and newer 

reconstruction methods, it is adaptive statistical iterative reconstruction [40, 41] could  

reduce image noise with lower radiation dose while image quality was still good 

maintained. 

5.2 Limitations of the study 

Our study have some limitations and have to be considered. First, this CT scanning 

with low tube voltage at 80kV was only performed in a phantom study. In our study, 
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the abdominal phantom is used to replace for the human adbomen, thus it can not 

produce the accurate resluts with the changes of human body composition. 

Therefore, whether these results are accepted in clinical practice and it needs to be 

further confirmed. In the one study Marin et al. [42] showed that techniques with low 

tube voltage at 80 kV could be applied to significantly reduce the radiation dose 

received by the patient while still improving image quality. 

Secondly, our study showed not the different radiation dose values in body sizes. 

Attenuation of the incident X-ray beam or radiation dose exposure in CT depends on 

the evaluated size of body portion. Therefore; greater dose exposure is required for  

overweight patients to keep image quality equal to that in smaller or thinner patients 

[43]. Although studies for patients were not like as our examination, some previous 

studies using a phantom suggested that normal weight patients and whose body 

weight less than 80 kg are used the techniques for radiation dose reduction in 

abdominal CT scan [13, 44]. On the other hand, the patients present with high-

attenuation implants, which can greatly decrease image quality when CT san is 

performed at low kV protocols. The phantom contains much fat and gas mixed inside 

the tissues of cylinders, which can also reduce CNR and image quality at low tube 

voltage. 

Finally, In our study, CTDIvol provided by the manufacturer and used to estimate 

the radiation dose and dose length product. Hower, having the agreement between 

the obtained CTDIvol values from the manufacturer and the measured CTDIvol 

values from instruments was good [45], with differences of less than10%. 
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6 Conclusions 

Our study allowed the findings to support the hypothesis that in an abdominal CT 

examination or scanning on an abdominal phantom at low tube voltage has the effect 

on radiation dose and Iodine contrast agent concentration. The radiation dose can be 

significantly reduced by up to 38% at low tube voltage protocol 80 kV and with lower 

contrast agent dose or decreasing 16% while maintaining compatible image quality.  

The most substantial benefits of low tube voltage at CT abdominal examinations 

include (a) a significant reduction in the radiation dose delivered to the patient, 

especially patients who undergo CT scan more the once so that negative effects of 

radiation can be avoided, (b) a lower contrast agent concentration or improved 

contrast agent dose but still increasing Iodine contrast (HU), (c) improving or 

maintaining compatible image quality and (d) an increase in the image contrast for 

structures with a high effective atomic number, such as calcium and iodine, (e) the 

use of lower kV is highly dependent on patient size and diagnostic task, therefore it 

has greatest benefit in children and small sized adults and contrast CT examinations. 
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Value tables for subjective scores of LCD (Low Contrast Detectability) from two 

independent radiologists A and B at department of diagnostic radiology, 

Landspitali National University Hospital.  
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