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The current study is aimed to estimate the diagnostic reference dose 
levels (DRLs), the volume computer tomogram dose index (CTDIvol), the 
CT air kerma-length product (PKL,CT) and the effective dose (E) for head, 
chest and chest-abdomen-pelvic CT examinations performed on adults 
in King Abdullah Medical City (KAMC), Saudi Arabia. Demographic 
parameters (such as age, gender, weight, height) for a sample of 535 com-
puted tomography (CT) patients and physical scan parameters (such as 
patient tube voltage (kV), reference and effective mill ampere-second 
(mAs), scan length, number of slices, and pitch factor) were collected 
from a picture archiving and communication system (PACS).  CTDIvol 
and PKL,CT were studied for different patients’ weights (40 -60 kg, 60-80 
kg, 80-100 kg and 100-120 kg). Mean CTDIvol, PKL,CT and effective dose 
for a standard weight (70 kg ±10%) was evaluated according to the three 
CT protocols considered and the results were, as follows: for head exami-
nations – 61.8 mGy, 1212 mGy.cm and 2.55 mSv, respectively; for chest 
examinations- 13.1 mGy, 657.5 mGy.cm and 9.21 mSv, respectively; 
for chest-abdomen-pelvic examinations - 13.9 mGy, 782.5 mGy.cm and 
11.73 mSv, respectively.  The effective dose for the chest examinations 
was lower than the corresponding value communicated by the European 
study group under European Commission.
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The present study aims to improve the antioxidant and antimicrobial 
properties of cake and produce low calorie cake through substitution of  
wheat flour (WF) by irradiated broccoli (Brassica oleracea L.var italica) 
powder. In this study broccoli heads powder and broccoli leaves pow-
der were gamma irradiated at dose levels of 0, 3, 5 and 7 kGy. Results 
showed that ethanolic (70%) extract of irradiated broccoli heads powder 
(IBHP) and irradiated broccoli leaves powder (IBLP) at a dose level of 5 
kGy had higher total phenolic compounds (TPC) and antioxidant activ-
ity (AOA) compared to control and other doses. Thus, IBHP and IBLP 
at dose level of 5 kGy were selected for fortification of cake. IBHP was 
used to substitute (0, 1.5, 3, and 4.5 %) of WF in making cake, as well, 
replacement of WF (0, 1, 2 and 3%) by IBLP. The results showed that the 
cake processed from IBHP and IBLP had pronounced improvement (%) 
in its chemical composition (protein, lipids, ash and fiber content) while, 
the energy value and carbohydrate content decreased with increasing the 
replacement level. Also, the results showed that the TPC content, AOA, 
volume and specific volume were increased by increasing substitution 
level of IBHP and IBLP compared to control samples. On the other hand, 
total intensity, L*and a* values of the crust and crumb were decreased, 
whereas Chroma and b* values were increased for crumb and decreased 
for crust for all cake treatments by the addition of IBHP and IBLP com-
pared to control sample. For microbiological properties, the results 
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The effective dose for head examinations, was 
slightly higher than the one communicated by the 
European Commission study due to differences in 
the scan length. It needs optimizing the radiation 
dose delivered to patients via periodical review of 
scan parameters for a protocol under study.

INTRODUCTION

Medical X-rays are the largest 
man-made source of public 
exposure to ionizing radia-
tion. CT represented about 
6% of all medical imaging 

procedures performed worldwide between 1997 and 
2006, and accounted for the 43% of the total dose 
resulting from those procedures. The contribution 
of CT to the collective dose in 1991–1996 was 34% 
(UNSCEAR, 2010). Nowadays, the number of com-
puted tomography [CT] examinations used in diag-
nostic radiology has increased in various countries 
of the world. Medical radiation protection principles 
include justification and optimization by applying 
the ALARA principle (as low as reasonably achiev-
able). The DRL(s) are considered a powerful tool for 
optimization the concepts of diagnostic reference 
levels. Studies in national and international hospitals 
around the world have considered diagnostic refer-
ence dose levels (RDLs) for CT examinations as a 
basis for dose reduction (Khalid, 2016).To apply the 
radiation protection principle of optimization the ra-
diation dose delivered to patients in the course of CT 
examinations, observed volume computer tomogram 
dose index [CTDIvol] and air kerma Length Product 
[PKL,CT] should be compared against published di-
agnostic reference levels (DRLs). A lot of authors 
established DRL(s) in some countries around the 
world, such as (Suliman et al., 2011) which gener-
ated diagnostic reference dose levels for some CT 
examinations in Sudan. In addition to that, the Amer-
ican College of Radiology, (ACR, 2018) issued a 

new report for diagnostic reference dose levels for 
some CT examinations. The objectives of the current 
study were to study relationship between CTDIvol 
and PKL,CT  for head, chest and chest-abdomen-pelvic 
examinations considering different patients weights, 
and to assess the dose reference levels for patients 
weights of 70 kg ±10 % for the three CT dosimetric 
indices, CTDIvol and PKL, CT  and effective dose (E).       

 MATERIAL AND METHOD

The study was approved by King Abdullah Med-
ical City Institution review board (IRB) no. 18-423. 
Two CT Siemens 64 slices with 390 mm ultra-fast 
ceramic scintillation detectors at King Abdullah 
Medical City scanner are used in this study. The CT 
Siemen 64 slices machine is presented in figure 1. 

Fig. (1): GE Computed Tomography 64-MDCT.
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Data Collection

The specification of current scanner used in 
this study is tabulated in (table 1). Data collection 
of patients parameters (such as age, gender, weight, 
and height) and physical scan parameters (such as 
patient tube voltage, reference and effective mill am-
pere-second, section collimation, rotation time, scan 
length, number of slice, and pitch factor) are extract-
ed from scanner dose report via a picture archiving 

and communication system (PACS) of KAMC CT 
scanner. Weights, heights are collected for the se-
lected sample of patients available from the patient 
files. Standard dose indices, volume weighted com-
puter tomogram dose index (CTDIvol), and CT air 
kerma –length product (PKL,CT) for each examination 
were collected from picture archiving communica-
tion system . Scan parameters for the chest examina-
tion on the user interface of Siemens CT scanner are 
displayed on console as shown in (Fig. 2). 

Fig. (2): Chart shows the basic dose parameters displayed on the console of a Siemens multi detector CT scanner.

Quantities for CT dosimetry  

Calculation of Computer Tomography Dose Index, 
CTDI100 

CTDI100 is defined as the accumulated multiple 
scan dose at the center of a 100 mm scan length in 
unit of mGy. The integration limits for CTDI100 are 
±50 mm, which corresponds to the 100 mm length 
of the pencil ionization chamber as mentioned by In-
ternational Atomic Energy Agency, (IAEA, 2014). 

CTDI100 =      (1)

Where D(z) = the radiation dose profile along the 
Z-axis

N: The number of slice sections imaged in a single 
axial scan.

T: width of the slice section along the z-axis imaged 
by one data channel, in mm.

CT air kerma-length product PKL, CT

The CT air kerma index, CVOL, can be combined 

with patient exposure parameters to provide a dose 
measure for complete patient examinations. This is the 
CT air kerma-length product, mGy.cm which is given 
by:                                                                                                                                                                                               

PKL,CT =  CVOL Ij Pit      ( mGy. cm)                       (4)

where  

index j represents each serial scan sequence 
forming part of the examination;

Ij is the distance moved by patient couch be-
tween or during consecutive scanner rotations; and 
Pit is the total tube loading for scan sequence j. mGy/
mAs

Effective Dose Calculation

Effective dose was estimated multiplying CT air 
kerma-length product, mGy.cm  by a corresponding 
normalized conversion coefficient that is defined as 
specific only to the anatomic region (k), mSv/mGy.
cm for multislice CT head, as follows: 0.0021for 
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head CT, 0.014 for chest CT, 0.015 for chest-abdo-
men-pelvic CT; it was stated by Sherer et al. (2018).  

Weighted CTDIw

The CTDIw is a useful indicator of scanner radia-
tion output for a specific kVp and mAs. It represents 
the absorbed dose in two dimensions, in mGy. The 
weighted CT kerma, Cw, combines values of CPM-

MA,100 measured at the center and peripheral of the 
standard 16 cm head and 32 cm body phantoms, be-
ing given by the following relation:                                                                                                          

Cw =      CPMMA,100,c  + CPMMA,100,p)   (2)

The quantity CPMMA,100, c is measured at the 
center of the standard CT dosimetry phantom, and 
CPMMA,100p is the average of values measured at four 
positions around the periphery of the phantom. 

Volume CTDIvol

Volume CTDIvol is defined as a volume average, 

Table (1) : Patients data and main CT acquisition parameters for the considered CT protocols.

mGy, which takes account of helical pitch or axial 
scan spacing in three dimensions, where 

Cvol =     =     , nCvol =    Cvol/P  (3)

l:  is defined as the distance moved by the patient 
couch per helical rotation or between two consecu-
tive scans for a series of axial scans, in mm; and Pit is 
the tube loading for a single axial scan in mGy/mAs

The quantity P can be calculated by using the rela-
tion : P= 

P is known as the CT pitch factor (or pitch) for heli-
cal scanning. The quantity nCVOL is unit normalized 
to unit tube current-exposure time product.

RESULTS

Mean ± standard deviation of patient data and 
computer tomography acquisition parameters for 
the routine head, chest, and chest-abdomen-pelvic 
(body) examinations are tabulated in (table 1).  

Main CT acquisition parametersPatients demographic data    

Number of
Slices

Section
 thickness 

(mm)

Effective 
mAs

Kilo 
voltage

kV

Weight 
(kg)

Age
(year)  

No. of                            
patientsCT protocol               

39 ± 0.2        5 ± 3.4    380 ± 14    120  ± 0  71 ± 16    50 ± 
16 111Head                  

94.3 ±10.12.0 ± 0236 ±  34119 ± .369 ± 
6.952 ± 7213Chest                 

94.3 ± 10.12.0 ± 0196.3 ±34120 ±3.969 ±7.154 ± 6157Chest Abdomen-
Pelvic              

A comparison of the dosimetric data CTDIvol and 
PKL,CT between different patients weight intervals 
(such as 40-60 kg , 60-80 kg, 80-100 kg, and 100-
120 kg) for the head, chest, and chest- abdomen -pel-
vic CT examinations performed at the KAMC CT 
scanner  is presented in (Table 2).

Scan data details for the 111 head CT examina-
tions, 213 chest CT examinations and 157 chest-ab-
domen- pelvic CT examinations, respectively, cor-
responding to adult patients with a weight of 70 kg 
±10 % were collected from PACS system. Standard 
dose indices, a volume-weighted computer tomo-
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gram dose index and CT air kerma –length product 

for each examination were registered via scanner 
report. (Table 3) presents details regarding the de-
scriptive statistics of the surveyed examinations for 
dose reference levels, CTDIvol, PKL, CT and effective 
dose, considering the reference weight of 70 kg ± 
10%. The current dose indices surveyed and calcu-
lated in KAMC were compared with published data 
by (Foley et al., 2012) including data reported by the 

European Commission, (EC, 1999), Public Health 
UK, (UK-2011) and American College of Radiol-
ogy, (ACR, 2018). 

Acceptance test for CTDI

CTDIvol (mGy) for patient dosimetry is per-
formed regularly by quality control unit of KAMC 
using head and body CT phantom and one sample is 
presented as shown in (Table 4).

Table (2) : CTDIvol (mGy) and PKL,CT (mGy.cm) considering the patients weight ranges for head, chest 
      and chest-abdomen-pelvic examinations at KAMC, SA .

Table (3) : CTDIvol (mGy) and PKL,CT (mGy.cm) considering the patients weight ranges for head, chest 
      and chest-abdomen-pelvic examinations at KAMC, SA .

Dosimetric data /CT 
examination 40-60 kg 60-80 kg 80-100 kg 100-120 kg

Cvol   (mGy)

Head
Chest

Abdomen-Pelvic- Chest 

61 ± 6.0
9  ± 2.5
11 ± 2.7

62 ± 2.0
13 ± 4.5
14 ± 3.5

57 ±14
17 ± 4.0
19 ± 4.0

59 ± 10
20 ± 3.0
22 ± 3.0

PKL,CT    (mGy.cm)

Head 
Chest

Chest-Abdomen –Pelvic

1197 ± 148
490 ± 214
659 ± 243

1212 ± 67
658 ± 278
783 ± 238

1144 ± 258
810 ± 353
1042 ± 289

1278 ± 462
1008 ± 399
1331  ±  319

Dosimetric data/
 CT examination KAMC UK-2011 EC,1999 ACR-2018

Cvol    (mGy)

Head
Chest

Chest-Abdomen-Pelvic

61.8 ± 2.4
13.1 ± 4.5
13.9 ± 3.5

61
12
12

60
30
-

56
14
15

PKL,CT     (mGy.cm)

Head
Chest

Chest-Abdomen –Pelvic

1212 ± 67
657 ± 4.5
783 ± 238

970
610
1000

1050
650

-

962
469
947

E   (mSv)

Head
Chest

Chest-Abdomen-Pelvic 

2.55 ± 0.14
9.21 ± 0.06
11.73 ± 3.56

-
-
-

2.4
11.7

-

-
-
-
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Table (3) : CTDIvol (mGy) and PKL,CT (mGy.cm) considering the patients weight ranges for head, chest 
      and chest-abdomen-pelvic examinations at KAMC, SA .

Reference levels
CTDIvol (mGy) (ACR,2008)

Pass /fail criteria
CTvol (mGy)  Examination

7560Adult head

2522Adult Abdomen

The relative percentage error between calculated 
and reference levels of Cvol of head and abdomen 
are lower than those reported by American College 
of Radiology, (ACR,2018) as mentioned in table

DISCUSSION   

The CTDIvol and PKL,CT corresponding to three 
CT protocols (head, chest and chest-abdomen-pelvis 
examinations)  were collected from a picture archiv-
ing and communication system (PACS) for patients 
weight ranges 40-60 kg, 60- 80 kg, 80-100 kg and 
100-120 kg, respectively. As it can be seen in (ta-
ble.2), CTDIvol corresponding to the head CT ex-
aminations for different weight ranges were found 
to be 60.5 ± 6.1 mGy (40-60 kg), 61.7 ± 2.3 mGy 
(60-80 kg), 57 ± 14 mGy (80-100 kg), and 59.4 ± 
10.3 mGy (100-120 kg), respectively.  PKL,CT values 
corresponding to the head CT examinations for the 
considered weight ranges were found to be 196.7 ± 
147.6 mGy.cm (40-60 kg ), 1212 ± 67   mGy.cm (60-
80 kg), 1144  ±  258 mGy.cm (80-100 kg), and 1278 
± 462.22 mGy.cm (100-120 kg), respectively. There 
is no significant change in CTDIvol and PKL, CT for the 
head CT protocol that can be explained by the num-
ber of slices and scan length approximately constant.

CTDIvol characterizing the chest CT examina-
tions for different patients weights    were found to 
be 9.3 ± 2.5 mGy (40-60 kg), 13.6 ± 7 mGy (60-
80 kg), 16.5 ± 6.7 mGy (80-100 kg), and 20.4 ± 3 
(100-120 kg), respectively (see table.2). PKL,CT corre-
sponding to the chest CT examinations for different 

weight ranges were found to be 489.7 ± 214 mGy.cm 
(40-60 kg), 658   ±  278 mGy.cm (60-80 kg), 810   ±  
353   mGy.cm (80-100 kg), and 1007.6 ± 399.4 mGy.
cm (100-120 kg), respectively. CTvol represents the 
average absorbed radiation dose over the x, y, and 
z-direction, whereas PKL,CT represents the integration 
of absorbed dose along the scan length of head pa-
tient’s sizes. 

CTDIvol corresponding to the chest-abdomen- 
pelvic CT examinations for the considered patients 
weight ranges were found to be 11 ± 2.7 mGy (40-60 
kg), 14 ± 3.5 mGy (60-80 kg), 19 ± 4.0 mGy (80-
100 kg), and 22 ± 3 mGy (100-120 kg), respectively. 
PKL,CT corresponding to the chest-abdomen-pelvic 
CT examinations for different patients weight ranges 
were found to be 659 ± 243 mGy.cm (40-60 kg), 
783  ± 238 mGy.cm (60-80 kg), 1042  ±  289 mGy.
cm (80-100 kg), and 1331 ± 319 mGy.cm (100-120 
kg), respectively. CTDIVol f11or chest and chest-ab-
domen-pelvic CT examinations for different patients 
weight ranges increased gradually due to increasing 
of the number of slices, the slice thickness, and the 
pitch factor in addition to decreasing of the effective 
milli amper sec. PKL,CT for chest and chest-abdomen-
pelvic CT examinations for different patients weight 
ranges increased gradually due to increasing of the 
number of slices, the slice thickness, and the scan 
length.

CTDIvol for CT reference patient weight (70 kg 
± 10%) corresponding to the head CT examinations 
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showed the smallest variation (see table.3) compara-
tively with the values reported by the considered for-
eign studies due to the non-significance difference 
in the scan length of the patients head size. CTDI-

vol for the chest CT examinations was found to be 
close to those reported by the Public Health England 
(UK, 2011) and the American College of Radiology 
(ACR, 2018), and 50% lower than that reported by 
the European Commission study (Bongartz et al., 
2004) due to the short scan length. CTDIvol for the 
chest-abdomen-pelvic CT examinations was found 
to be close to that reported by Public Health England 
(UK, 2011) and lower than the one reported by the 
American College of Radiology (ACR, 2018). 

PKL,CT for chest and chest-abdomen-pelvic CT 
examinations for different patients weight ranges in-
creased gradually due to increasing of the number of 
slices, the slice thickness, and the scan length. PKL,CT 
for head CT was higher than the dose found by Eu-
ropean committee  (EC,1999) by 3%.  PKL,CT for the 
chest CT examinations was found to be little higher 
than values reported by the Public Health England 
(UK, 2011) and the American College of Radiology 
(ACR, 2018), and 7.7 % higher that reported by the 
European Commission study (Bongartz et al., 2004) 
due to the little increment scan length. PKL,CT for the 
chest-abdomen-pelvic CT examinations was found 
to be close to that reported by the American College 
of Radiology (ACR, 2018) and lower than the one 
reported by Public Health England (UK, 2011) by 
20.7 % due to difference in scan length.                                                                 

The effective dose for the head CT examinations 
was slightly higher than the European Commission 
study due to differences in the scan length. The scan 
length of the KAMC head CT protocol was found 
higher than the value of 144 mm presented by Sulei-
man et al. (2011) and the value of 150 mm presented 
by ACR (2018). The effective dose for a reference 

patient weight of 70 kg ±10 % in the chest CT proto-
col case was about 20% lower than the one reported 
by the European committee as presented in table 3 
due to the short scan length and using of a new ad-
vanced software, CARE Dose 4 D for CT imaging. 
Table 4 presented the effective dose of chest-abdo-
men-pelvic was found to be 11.7 mSv close to the 
one reported by the (UK, 2006).                                                                                                                     

CONCLUSION

      Calibration of all dosimeters used for patient 
dosimetry should be performed regularly and should 
be traceable to a primary standard laboratory. There 
is no significant change in CTDIvol and PKL, CT for the 
head because of the number of slices and scan length 
approximately constant.  CTDIVol for chest and 
chest-abdomen-pelvic CT examinations for different 
patient’s weights increased gradually due to increas-
ing number of slices and slice thickness and the pitch 
factor. PKL, CT for chest and chest-abdomen-pelvic 
CT examinations for different patient’s weights in-
creased due to increasing in scan length. Diagnostic 
Reference dose levels for patients weights of 70 kg 
±10 % were established. The effective dose for the 
chest was lower than the corresponding value of Eu-
ropean Commission study due to more advanced CT 
technology used at KAMC. The effective dose for 
head examinations was slightly higher than the Eu-
ropean Commission study due to use approximately 
similar scan length. Local DRLs and typical values 
may be used as additional tools for optimization by 
periodical review of scan parameters for a protocol 
under study.
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