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Abstract

Purpose: The dose of Computed Tomography (CT) scan &
imaging modalities' dose burdens. There are differgnign :
ex (CTDI). However, due to the increase in
rations, new measurement methods are described

the detector system size along the z-axis in new Cflscanner ge
i oup N0.111(AAPM-TG111). This study aims to

in the American Association of Physicists in Medigine-Task
estimate the equilibrium dose and comp ith
Dose Index (CTDIvol) at the end of ede ventually, the effective dose was calculated for both methods.

Materials and Methods: Using onization chamber and standard polymethylmethacrylate) PMMA
(phantom, the following val d: CTDI100, CTDIvol, cumulative dose, equilibrium dose, and
effective dose.

Results: Six protocols performee
CT dosimetry phantom, was varied
between 27% to 33%.

two centers, and the results indicated that the measurements with a standard
ween average equilibrium dose and CTDIvol, and the discrepancies ranged

Conclusion: The CTDIVol is not suitable for evaluating the radiation dose at the end of each scan, and the use of
an equilibrium dose for dosimetry of new systems is recommended.
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1. Introduction

Computed Tomography (CT) is an essential
imaging modality that utilizes an X-ray beam for
diagnostic purposes. The various CT scan generations,
from a Single-Detector (one slice) Computed
Tomography (SDCT) to present multidetector
computed tomography (MDCT), widen the range of
clinical applications of CT scans [1, 2]. However, the
growing number of exams performed by CT scans and
the amount of ionizing beam exposed to patients
contribute to a high proportion of the collective
effective dose that impacts the population's health [3-
9]. There are concerns about the amount of radiation
exposure during CT exams, as it is about ten times
higher than other diagnostic procedures like
radiography. This increased radiation exposure poses
a small but significant cancer risk to the general
population [4, 7, 10]. Referring physicians should be
aware of the potential risks of CT scans and choose
this modality only if the potential benefits outweigh
the disadvantages [10]. There are various strategies tg
limit radiation dose by following the ALARA
Low as Reasonably Achievable) principle, incl
restricting the examinations to the utmost_neces
ones, adjusting CT scan settings
indication of the individuals, and lindi
of exposure.

There are different me
describe radiation in CT sca
to measure the Computed Tom@graphy Dose Index
(CTDI) [8, 11]. CTDI100 denotesathe incorporated
dose along the long axis (z-axis) from a single axial
CT scan, and the value was measured with a 100 mm
long pencil ionization chamber positioned in the CT
head and body phantom [11-13]. However, in the last
decade, several severe practical issues regarding CTDI
were brought about when the 100-mm pencil CT
ionization chamber was utilized to measure CTDI for
wide-cone-beams CT and MDCT with a high number
of rows [11]. With the new generation of CT scanners,
the pencil chamber is too short to measure all the
primary radiation, and the increase in length of the
detection system along the z-axis makes cone-beam
irradiation geometries CTDI100 unreliable [2, 14-18].
Furthermore, the measured values of CTDI100 are
underestimating the accumulated dose at the center of
the MDCTs. This is due to the fact that they do not
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consider the contribution of the dose profile "tail”
which is caused by the scattering in the phantom or
tissue [2, 14, 15, 17-19]. The AAPM (American
Association of Physicists in Medicine) Task Group
Report No. 111 describes new methods for measuring
radiation using a small ion chamber instead of the
usual pencil-shaped chamber. In order to ensure that
the chamber accurately measures the absorbed dose, a
new position for a phantom is suggested to establish
dose equilibrium at the chamber's location [20].

A challenge in implementing this methodology to
measure the equilibrium dose is the length of the
phantom, which should be at least 400 mm [19, 21].

In this study, we calculated the equilibrium dose
using standard dosimetry phantoms (typically 16
in diameter) on the MDCT_64

slice [19].
the equili

ispla puted tomography dose index
T scanner after each scan. In

2.1. Equipment

In this study, we used Philips-MDCT-64 slice and
Light Speed VCT-MDCT-64 Slice CT Scanner along
with a pencil-shaped ionization chamber (Piranha X-
ray Analyzer, RTI Electronics, Sweden) that had an
active length of 100 m. The accuracy and uncertainty
of the chamber were 5%, and it was calibrated in the
Secondary Standard Dosimetry Laboratory. We used
a Polymethylmethacrylate (PMMA) phantom with a
diameter of 32 cm, a length of 16 cm, a density of 1.13
g/cm3, and an effective atomic number of 6.48 for
measurements. The closeness of the effective atomic
number of the phantom to tissue makes it very suitable
for dosimetry.

To expose the phantom, we applied the most
frequently used protocols available in the two centers
including radiation conditions to calculate the CTDI
values Dose (Table 1).
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PHILIPS

Figure 1. Picture of the measurement setup

2.2. Calculations of the Computed
Tomography Dose Index

Figure 1 shows a picture of the measurement s

were recorded. The Weighted

Index Dose (CTDIw) was @
L)

the following formula (Equa

CTDIw = (; CTDIc) + (GCTDIp

The CTDIc value represents the dose index in the
central hole, while the CTDIp value represents the
dose index in the peripheral hole of the phantom.
Then, we calculated the volume of CTDI and Dose
Length Product (DLP) using Equations 2 and 3,
respectively.

CTDlvol = CTDIw/pitch )
DLP = CTDlIval % irradiated length (3)

The final step involved calculating the effective
dose using the following formula (Equation 3):
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Effective dose = k x DLP (4)

k-factor for the body is 0.015 (mSv. mGy *.cm™)
[22, 23].

2.3. Equations for Calculating the Equilibrium
Dose

Equilibrium dose (Deq) was calculated from
CTDl1go and 6(CTD|100) (CTD|100 efficiency), and
cumulative dose (DL(0)) was calculated from Deq and
the approach to equilibrium function (H(L))[17, 20]

The calculations are based on CTDlig efficiency
[15, 24] (Equation 5).

CTDI100/CTDlw (5)
1nite integration length, sometimes
[25].
(the midpoint of the scan range in CT
e computed by (Equation 6):
0) = H(L) X Deq (6)
oth Equations 5 and 6 are valid on the central and
peripheral phantom axes.
The Equilibrium function is related by (Equation 7)
[26]:
H(L =100 mm) = € (CTDl100) x (1 + ) (7)

where & characterizes the difference between two
phantom lengths (15 cm and infinity) and & = 0.08
(32-cm phantom center) or <0.02 (32-cm phantom
periphery) [17, 24].

The equilibrium dose product is given by [21]
(Equations 8, 9).

Deq,C = (3R100/(2 + RlOO ))X (8)
(CTDIVol/e(CTDI100,C ))x pitch

DeP = (3/(2 + Ri)x (CTDIVol/e( )
(CTDI100,P ))x pitch

Where C is the center, and P is the periphery.

Rioo is also useful for predicting the central to
peripheral Deq ratio (Equation 10):
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The values for the cumulative dose, equilibrium
dose, and the effective dose calculated with them in
the two centers are expressed in Table 3.

R100 = CTDI100,C/CTDl100,P (10)

The planar average equilibrium dose was calculated

by [20] (Equation 11) For a better comparison, Table 4 shows the results
of equilibrium dose, CTDly, and differences between
Deq :%Deq,c + %Deqvp (12) them for all protocols.

A patient's radiation risk can be predicted usingthe 4. Discussion
effective dose obtained by multiplying the planar

average equilibrium dose with the scanning length and In our study, we compared two methods for
a conversion coefficient ("k"). estimating the effective dose for a CT examination:

first, the simpler mathematical approach determined
2.4.  Statistical Analysis by the volume of CTDI and CTDIvol to the DLP and

a DLP to an effective dose, and second, the planar
ilim dose. We then utilized the PMMA
encil ionization chamber and
s of CTDI100, (CTD100),

Statistical data analysis was performed using IBM
SPSS (IBM SPSS Statistics for Windows, version
16.0., IBM Corp., NY, USA). The findings were
calculated using mean value. As the normality test was
not rejected, a pair T-test was used to compare the
differences between the two groups. Statistical
significance was defined at a level of 5%.

petween the average equilibrium dose and

3. Results IvoI ranged between 27 - 33% in 6 protocols

ormed with a standard CT dosimetry phantom in

Table 2 provides the values of CTD : 0 centers. This may be because the CTDIvol cannot

effective dose for six protocols. Thesg Btai include the dose profile "tail" contribution caused by
using a 64-slice MDCT scanner at A ' ! scattering in the phantom.

ine scans in two different centers

Centers CT sca e Protocols kVp mAS Slice thickness (mm) Pitch
A Light speed VCT -MB 64 slice 1 120 250 25 1
2 120 350 0.6 1
3 120 300 0.6 1
B Philips MDCT_64 slice 4 120 400 1.25 1
5 120 500 1.25 1
6 100 200 2.5 1

CT — Computed tomography; MDCT — Multidetector CT; VCT — Volume computed tomography

Table 2. Dose parameters in daily scans in centers A and B

CTDlwec CTDlwp CTDIW CTDle  DLP Effective dose with calculated

Protocols  “mgy)  (mGy)  (mGy) (MGy) (MGy.cm) C(Tn?gx"'
1 30.35 40.14 36.87 36.87 590.02 8.85
2 40.21 40.84 40.63 40.63 650.08 9.75
3 30.86 40.28 37.14 37.14 594.24 8.91
4 40.49 40.58 40.55 40.55 648.80 9.73
5 40.94 50.19 4711 47.11 753.71 11.31
6 30.08 30.53 30.62 30.62 489.92 7.34

CTDl100,c — Computed tomography dose index Central; CTDIl100p — Computed tomography dose index Peripheral
; CTDIw — Weighted computed tomography dose index; CTDlye — Computed tomography volume dose index. DLP- Dose
length product
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Table 3. Cumulative dose, equilibrium dose, and Effective dose with calculated Deg

Protocols DL(0)c DL(0)p Deq.c Deqp Deq Effective dose with calculated Deq

mGy)( mGy)( mGy)( mGy)( mGy)( mSv)(
1 32.78 40.94 53.11 48.97 51.04 12.24
2 43.42 41.65 70.36 49.82 60.09 14.42
3 33.32 41.08 54.01 49.14 51.57 12.37
4 43.72 41.39 70.85 49.51 60.18 14.44
5 44.21 51.19 71.64 61.23 66.43 15.94
6 33.26 31.14 53.90 37.35 45.57 10.93

propose an alternative approach that takes

Table 4. Comparison of equilibrium dose and the
CTDlyol

CTDIVoI . .
Protocols (mGy) Deq (MGY) Var:;c\)tlon

1 36.87 51.04 27.75
2 40.63 60.09 32.39
3 37.14 51.57 27.98
4 40.55 60.18 32.62
5 47.11 66.43 29.09
6 30.62 45.57 32.81

However, one of the remaining challenges for dirg

dosimetry technique for evaluating
inaccurate since it downplays scatter Te
the length of the 100 mm penciision

proposed an alternative measufiig methodology for
CBCT acquisitions to address challenges faced by
modern CT technologies and solve dosage
underestimation caused by the CTDI method. With
enhanced CT equipment, numerous research has
tackled the limits of the traditional CTDI
measurement. The AAPM approach is one of these
new methods which, despite being time-consuming
and difficult to implement in a medical setting, it
yields reliable information. However, the AAPM
approach is limited in two ways. Firstly, the exam
takes at least four-dose metrics to estimate Dose ¢q and
Length «g; and, secondly, assembling the experimental
setup and performing measurements is time-
consuming, and it takes roughly 2 hours on average to
complete each phantom. Having said that, the CTDI
method takes only 1 hour to complete for all three
phantoms. To solve the AAPM method's problem, we
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considerably less time and resembles the AAPM
outcome close enough [29].

In a study by Albngali et al., the equilibrium dose
in two protocols, namely, thoracic and
abdominopelvic, avas used to approximate the dose
and then compare it to CTDI values. The findings of
e that the dose equilibrium
protocols were 29% and 30%
informed by the CT scanner,
5 a result, when contrasted to the DEq
CTDIvol process effectively

: easurements with a 450mm CT phantom,
there were significant differences between the Planar
age Equilibrium Dose (Deq,p) and CTDlvol,
anging from 30-37%. CTDIvol cannot account for the
"tail" contribution of dose profiles caused by phantom
scattering, especially for broader beam widths.
Therefore, while CTDIvol is a valuable indicator for
guality assurance purposes across patients, protocols,
and scanners, it does not accurately represent the
actual patient dose [4]. In another study conducted by
Albngali et al., 25 to 35% less estimation was obtained
for measurement by the CTDI method compared to
equilibrium doses [31].

Deschamps et al. conducted a study to measure the
dose received during a CT scan using the AAPM TG
111 methodology. They found that the CTDIVol
provided by the CT scanners for all protocols was
lower than the equilibrium doses by 32% to 35% [6].
Therefore, the CTDIVol is unsuitable for accurately
defining the delivered dose while the exam is
performed [32]. A comparison of the Li study, which
utilized formulas, and Descamp's study, which used a
direct approach, showed a significant agreement
between the two methods (difference: 0.7% median
and 5.3% maximum) [21]. Additionally, the
discrepancies between the results of CTDIVol and the

XX



Assessing the Difference between Equilibrium Dose and CTDI in Effective Dose Estimation

Monte Carlo Boone et al. equilibrium dose indicated
an underestimation of the systematic volume of CTDI
[14].

In calculating the effective dose, we use scanning
length and a conversion coefficient, which are the
same in both methods and there is a difference of 27-
33% between the equilibrium dose and CTDlvol,
which also affects the effective dose. The mean value
of the effective dose calculated by CTDIVol and
equilibrium dose was 9.32 + 1.37 and 13.39 + 2.14
mSv, respectively. This means that in our study, the
effective dose calculated by the equilibrium dose
method is up to 5 millisieverts larger than the
CTDIVol method.

Albngali et al. conducted a study to estimate the
effective dose of the patient. Their results are
consistent with our study. In their study, first, the
equilibrium dose and CTDI values were obtained, and
then the effective dose was calculated using them,
which showed that the effective dose calculated by the
CTDI method is about 26 to 31% less than the
effective dose calculated using the equilibrium do
Also, the effective dose was up to 6 millisieverts I
than the previous values [33].

Brix et al. measured the effective dosgF0
slice CT centers. The effective dose @
[35].

the mean value of the effective dose calculated by
CTDIVol was 9.32 £ 1.37 mSv.

Comparing our values to those obtained in other
studies, it can be illustrated that the average effective
dose in this study is significantly lower than that of the
other studies. Finally, the important point is that the
average effective dose calculated by the equilibrium
dose is higher than the values of other studies.

CTDIVol has been used prevalently in the literature
[36] to calculate the effective dose. However, due to
the at least 30% differences obtained in CTDIVol and
equilibrium dose, the calculated effective dose profiles
are not suitable for comparison with international
references. Thus, more valid approaches are needed to
calculate the risk of cancer.
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5. Conclusion

The difference between CTD o and equilibrium
dose values was consistent with the previous studies.
To evaluate the radiation dose at the end of each scan,
the CTDIlve is not suitable, and the use of an
equilibrium dose for dosimetry of new systems is
recommended for quality control and quality
assurance. If the CT scan device is calibrated and
ensures the accuracy of the CTDlyq informed by the
CT scanner, the equilibrium dose can be obtained
without direct measurement.

Acknowledgment

The dat was
department

ourtesy of an angiography
ahra and Ibn-Sina hospitals,

as stpported [Grant Number: 395212]
ersity of Medical Sciences, Isfahan,

1- John A Bauhs, Thomas J Vrieze, Andrew N Primak,
Michael R Bruesewitz, and Cynthia H McCollough, "CT
dosimetry: comparison of measurement techniques and
devices." Radiographics, Vol. 28 (No. 1), pp. 245-53,
(2008).

2- S Mori, K Nishizawa, M Ohno, and M Endo,
"Conversion factor for CT dosimetry to assess patient
dose using a 256-slice CT scanner." The British Journal
of Radiology, Vol. 79 (No. 947), pp. 888-92, (2006).

3- Reza Afzalipour, Seied Rabi Mahdavi, Hamidreza
Khosravi, Ali Neshasteh-Riz, and Agha Fatemeh
Hosseini, "Evaluation of diagnostic reference dose levels
in CT-scan examinations of adolescence in Tehran: a brief
report." Tehran University Medical Journal, Vol. 71 (No.
2), (2013).

4- Maria Carolina Santana Campelo, Marcia Carvalho
Silva, and Ricardo Andrade Terini, "CTDI versus New
AAPM Metrics to assess Doses in CT: a case study."
Brazilian Journal of Radiation Sciences, Vol. 4 (No. 2),
(2016).

5- Paul D Deak, Oliver Langner, Michael Lell, and Willi A
Kalender, "Effects of adaptive section collimation on
patient radiation dose in multisection spiral CT."
Radiology, Vol. 252 (No. 1), pp. 140-47, (2009).

FBT, Vol. 13, No. 2 (Spring 2026) XX-XX



S. Sharifian Jazi, et al.

6- Willi A Kalender, "Dose in x-ray computed
tomography." Physics in Medicine & Biology, Vol. 59
(No. 3), p. R129, (2014).

7- P Haridasan, "Unscear 2013 Report." Radiation
Protection and Environment, VVol. 36 (No. 3), pp. 143-43,
(2013).

8- PC Shrimpton and S Edyvean, "CT scanner dosimetry."
The British Journal of Radiology, Vol. 71 (No. 841), pp.
1-3, (1998).

9- FR Verdun et al., "Image quality in CT: From physical
measurements to model observers." Physica Medica, Vol.
31 (No. 8), pp. 823-43, (2015).

10- FA BOUZARJOMEHRI, MH Zare, and GAHROUEI
D SHAHBAZI, "Patient dose resulting from CT
examinations in Yazd, Iran." (2006).

11- Zoran Stefanovski, Sonja Bidikova, and Dragan
Nikolovski, "Testing the new AAPM formalism for the
evaluation of radiation dose in x-ray computed
tomography." (2010).

12- Cynthia McCollough et al., "The measurement,
reporting, and management of radiation dose in CT." (No
Title), (2008).

13- American Association of Physicists in Medicine, "Size-
specific dose estimates (SSDE) in pediatric and adult bg
CT examinations." AAPM report, Vol. 204pp.
(2011).

14- John M Boone, "Dose spread functionsgi
tomography: a Monte Carlo study." Medig
36 (No. 10), pp. 4547-54, (2009).

15- John M Boone, "The trouble i
Vol. 34 (No. 4), pp. 1364-71,

16- Robert L Dixon, "A new lo@
beyond CTDIL." Medical physi¢
1272-80, (2003).

fose measurement:
vVol. 30 (No. 6), pp.

17- Robert L Dixon and Adam C Ballard, "Experimental
validation of a versatile system of CT dosimetry using a
conventional ion chamber: Beyond." Medical physics,
Vol. 34 (No. 8), pp. 3399-413, (2007).

18- Shinichiro Mori et al., "Enlarged longitudinal dose
profiles in cone-beam CT and the need for modified
dosimetry." Medical physics, Vol. 32 (No. 4), pp. 1061-
69, (2005).

19- Cynthia McCollough, Dianna Cody, Sue Edyvean, and
Diagnostic Imaging Council CT Committee, "AAPM
report no. 96 The Measurement, Reporting, and
Management of Radiation Dose in CT." American
Association of Physicists in Medicine, (2008).

20- Robert L Dixon, Jon A Anderson, and Donovan M

Bakalyar, "Comprehensive methodology for the
evaluation of radiation dose in x-ray computed
tomography." (2010).

FBT, Vol. 13, No. 2 (Spring 2026) XX-XX

21- Xinhua Li, Da Zhang, and Bob Liu, "Calculations of
two new dose metrics proposed by AAPM Task Group
111 using the measurements with standard CT dosimetry
phantoms." Medical physics, Vol. 40 (No. 8), p. 081914,
(2013).

22- Tomasz Gorycki, Iwona Lasek, Kamil Kaminski, and
Michatl Studniarek, "Evaluation of radiation doses
delivered in different chest CT protocols.” Polish journal
of radiology, Vol. 79p. 1, (2014).

23- Chang Hyun Lee et al., "Radiation dose modulation
techniques in the multidetector CT era: from basics to
practice." Radiographics, Vol. 28 (No. 5), pp. 1451-59,
(2008).

24- Xinhua Li, Da Zhang, and Bob Liu, "A practical
approach to estimate the weighted CT dose index over an
infinite integration length." Physics in Medicine &
Biology, Vol. 56 (No. 18), p. 5789, (2011).

ang, and Bob Liu, "Monte Carlo
T dose equilibration in PMMA and water
diameters from 6 to 55 cm." Medical

elina L Li, Yogesh Thakur, and Nancy L Ford,
)mparison of the CTDI and AAPM report No. 111
sthodology in adult, adolescent, and child head
phantoms for MSCT and dental CBCT scanners." Journal
of Medical Imaging, Vol. 4 (No. 3), p. 031212, (2017).

28- Pei-Jan P Lin and Lars Herrnsdorf, "Pseudohelical scan
for the dose profile measurements of 160-mm-wide cone-
beam MDCT." American Journal of Roentgenology, Vol.
194 (No. 4), pp. 897-902, (2010).

29- Celina L Li, Yogesh Thakur, and Nancy L Ford,
"Comparison of the CTDI and AAPM report No. 111
methodology in adult, adolescent, and child head
phantoms for MSCT and dental CBCT scanners." Journal
of Medical Imaging, Vol. 4 (No. 3), pp. 031212-12,
(2017).

30- Ahmad Albngali, Joshua Deslongchamps, James
Blackwell, Andy Shearer, Brendan Tuohy, and Niall
Colgan, "Comparison of Planer Dose Equilibrium and
Computed Tomography Dose Index and Implications for
Reported Patient Dose Information.” Open Journal of
Medical Imaging, Vol. 9 (No. 04), p. 43, (2019).

31- Ahmad Albngali, "RSSA Conference: New Advances
in CT Dosimetry: The Planar Average Equilibrium Dose."
Saudi Journal of Radiology, Vol. 1 (No. RSSA), pp. 72-
79, (2023).

32- Caroline Descamps, Mercedes Gonzalez, Edgardo
Garrigo, Alejandro Germanier, and Daniel Venencia,
"Measurements of the dose delivered during CT exams
using AAPM Task Group Report No. 111." Journal of

XX



Assessing the Difference between Equilibrium Dose and CTDI in Effective Dose Estimation

Applied Clinical Medical Physics, Vol. 13 (No. 6), pp.
293-302, (2012).

33- Ahmad Albngali, Andy Shearer, Margaret Moore,
Joshua Deslongchamps, Brendan Tuohy, and Niall
Colgan, "Dose equilibrium and CTDI quality assurance in
CT and the implications for the effective dose estimation
in patients." Physica Medica: European Journal of
Medical Physics, Vol. 67p. 207, (2019).

34- G Brix et al., "Radiation exposure in multi-slice versus
single-slice spiral CT: results of a nationwide survey."
European radiology, Vol. 13pp. 1979-91, (2003).

35- Jorg Hausleiter et al., "Radiation dose estimates from
cardiac multislice computed tomography in daily practice:
impact of different scanning protocols on effective dose
estimates.” Circulation, Vol. 113 (No. 10), pp. 1305-10,
(2006).

36- Choonsik Lee, "How to estimate effective dose for CT
patients." European radiology, Vol. 30pp. 1825-27,
(2020).

XX

FBT, Vol. 13, No. 2 (Spring 2026) XX-XX



