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Summary
Background:

Computed tomography (CT) is still commonly regarded as a method that causes a high radiation
exposure. For that reason, producers intensively try to find new solutions for dose reduction while
maintaining a high diagnostic value of images. One of the recent strategies focuses on CT image
reconstruction. Iterative reconstruction (IR) is an alternative for filtered back projection (FBP) that
is commonly used today.
The aim of the article is to demonstrate and compare the effects of two IR algorithms on dose value
and image details.

Material/Methods:

Investigations were performed on two 128 multi-detector (MDCT) CT scanners: – iCT (Philips
Healthcare with iDose4); – Definitions AS+ (Siemens Medical Solutions with SAFIRE system).
The measurements involved: – image quality indicators for the CATPHAN 600 phantom;
– dosimetric indicators of exposure (DLP i CTDIvol).

Results:

The signal-to-noise ratios (SNR) in the images reconstructed with IR and FBP were analysed, and
the SNR(IR)/SNR(FBP) ratios were calculated and correlated with CTDIvol values. The effects of IR
and FBP algorithms on low-contrast resolution were also compared in relation to CTDIvol values.
The smallest diameter of supra-slice objects in the Catphan phantom were taken into consideration.

Conclusions:

Both iterative algorithms definitely improved the visibility of low-contrast objects in comparison to
a standard algorithm (FBP) with similar exposure parameters.
These algorithms allow an 80% reduction of the CTDIvol value while maintaining an acceptable
visibility of low-contrast objects. However, the results obtained with each of the studied iterative
algorithms differ.
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Background
Computed tomography (CT) is still commonly regarded as
a method that causes a high radiation exposure. For that
reason, producers intensively try to find new solutions for
dose reduction while maintaining a high diagnostic value
of images.

Earlier approaches relied on optimization of CT exposure
parameters (also special paediatric protocols) and automatic tube-current modulation [1,2].
A newer dose reduction strategy focuses on optimization
of CT image reconstruction. To date, most of CT scanners
have used filtered back projection (FBP) as the algorithm
for image reconstruction. FBP assumes that the acquired
projection data are free of noise. Consequently, after mathematical filtering of projection data (e.g. smoothing or
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edge-enhancement), they are projected back into image
space to reconstruct the imaged volume. The FBP algorithm is fast and produces acceptable images in most
situations.
However, when radiation dose is lowered, FBPreconstructed images are highly noisy [3]. Iterative reconstruction (IR) is an alternative image reconstruction method that allows imaging at lower doses while maintaining
image quality comparable to routine-dose FBP.
The concept of IR is well known, and the first IR algorithms were elaborated already in the 1970s to good effect.
Due to the limited computational power of early CT workstations, the image creation process was very slow and the
subsequently elaborated algorithm was quicker; it was the
filtered back projection (FBP) algorithm, which has been
successfully applied to date, even for quick multi-row CT
scanners. A relatively high level of image noise is a disadvantage of the FBP algorithm. This results from the necessity of raw image data interpolation and is the cause of
higher radiation doses to which patients are exposed in
order to achieve good quality diagnostic images.
The improved computational effectiveness of CT reconstruction workstations permitted the introduction of IR.
Consequently, all major CT manufacturers have recently implemented new IR algorithms for CT imaging as the
best solution for dose reduction that does not compromise
image quality.
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Both IR systems are multilevel: iDose4 has 7 levels and
SAFIRE has 5 levels, corresponding to the number of iterative loop repetitions.
The workstations of the both scanners can independently
use the FBP algorithm.
A starting point for the investigations was to set the exposure parameters to those commonly chosen for CT examinations of the trunk in adult patients:
high voltage U=120 kV, anode current I=500 mA, rotation
time trot=0.5 s, pitch p≈1.
Both scanners have 128 active detector rows of the unit
width Dz=0.625 mm for iCT and Dz=0.6 mm for Definition
AS+, respectively.
The measurements involved:
– image quality indicators for the CATPHAN 600 phantom,
– dosimetric indicators of exposure (DLP i CTDIvol).
For the dosimetric measurements, the Barracuda device
(RTI, Sweden) and the HEAD 5-holes phantom (Ǿ=16 cm)
were applied.
The following indicators of image quality were evaluated:
– low-contrast resolution (in the CATPHAN phantom the
so-called supra-slice and sub-slice objects),
– high-contrast resolution (i.e. space resolution),
– signal-to-noise ratio (SNR).

Full iterative reconstruction consists of forward and backward reconstruction and thus operates in the raw data
domain and image data domain. Simpler algorithms iterate
successively in the raw data domain and then in the image
data domain. The result of IR in the raw data domain is
transmitted to the image domain by back projection [3].

SNR was evaluated for a region-of-interest (ROI) of
100 mm2 placed in the area surrounding the objects
of a nominal contrast level (CL) of 1%. In this ROI, the
Hounsfield numbers and their standard deviations were
interpreted as the signal level and the level of noise,
respectively.

There are differences in the approach to IR algorithms of
different vendors. Each vendor has its own uniquely named
IR technique, and the main CT vendors compete to achieve
the lowest possible radiation exposure [4].

Independently, computed tomography dose index (CTDI)
was calculated as the dosimetric indicator of CT exposure.
For multi-row CT scanners, CTDI is calculated according to
the following formula

This article presents the effects of two IR algorithms of the
same level of computational complexity (installed on the
same CT workstations) on the image quality - dose exposure relationship in comparison to FBP algorithms.
A special aim of the article is to demonstrate the benefit
of iterative algorithms for optimization of exam results
in comparison to the FBP algorithm when routinely used
exposure parameters are chosen.

Materials and Methods
Investigations were performed with two CT scanners:
– iCT scanner (Philips Healthcare with iDose4);
– Definitions AS+ (Siemens Medical Solutions with SAFIRE
system).
Both IR solutions operate successively in the raw data
domain and then in the image domain.

793

CTDIvol =

DLPważ
N ⋅ ∆z ⋅ p

where
N – number of active rows,
∆z – width of the single detector,
p – pitch,
the mean weighted value of dose length product (

DLPważ

)

1
2
= DLPc + DLPp ,
3
3

dose length product in the central hole of the
phantom,
dose length product in the peripheral holes of the
phantom.
CTDIvol should be understood as the absorbed dose averaged for the whole scanned volume. Thus, this value estimates radiation risk in patients undergoing an exam with
given exposure parameters.
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Table 1A. iCT (Philips) Determinants of image quality and CT dose index for exposure parameters U=120 kV, Ixtrot=249 mAs.
Low-contrast resolution (*)

Algorithm of
image
reconstruction

SNR

Supra-slice objects at
1% contrast level

Sub-slice objects
3 mm height

FBP

7.7

3 mm

5 mm

IDose-2

9.0

3 mm

5 mm

IDose-4

11.0

3 mm

5 mm

IDose-6

13.8

2 mm

3 mm

Spatial resolution (**)
(the smallest detectable
distance) [cm]

CTDIvol [mGy]

0.063

36.0

* Diameter (in mm) of the smallest differentiable object is given; ** value after reconstruction using mathematical „bone” filter.
Table 2A. iCT (Philips) Determinants od image quality and CT dose index for exposure parameters U=120 kV, Ixtrot=149 mAs.
Low-contrast resolution (*)

Algorithm of
image
reconstruction

SNR

Supra-slice objects at
1% contrast level

Sub-slice objects
3 mm height

FBP

8.3

4 mm

7 mm

IDose -2

9.8

3 mm

7 mm

IDose -4

11.6

3 mm

7 mm

IDose -6

14.7

3 mm

5 mm

Spatial resolution (**)
(the smallest detectable
distance) [cm]

CTDIvol [mGy]

0.063

21.5

* Diameter (in mm) of the smallest differentiable object is given; ** value after reconstruction using mathematical „bone” filter.
Table 3A. iCT (Philips) Determinants od image quality and CT dose index for exposure parameters U=80 kV, Ixtrot=149 mAs.
Low-contrast resolution (*)

Algorithm of
image
reconstruction

SNR

Supra-slice objects at
1% contrast level

Sub-slice objects
3 mm height

FBP

2.2

9 mm

no

IDose-2

2.7

9 mm

no

IDose-4

3.1

8 mm

no

IDose-6

3.9

6 mm

no

Spatial resolution (**)
(the smallest detectable
distance) [cm]

CTDIvol [mGy]

0.063

7.3

* Diameter (in mm) of the smallest differentiable object is given; ** value after reconstruction using mathematical „bone” filter.
The measurements were performed for the three following
exposure settings:
120 kV and 250 mAs, 120 kV and 150 mAs and 80 kV and
150 mAs.
CATPHAN images were reconstructed using successively
the following algorithms:
– for iCT: FBP, iDose4 – level 2, iDose4 – level 4 and iDose4 –
level 6,
– for Definition AS+: FBP, SAFIRE – level 2, SAFIRE – level
3, SAFIRE – level 5.
CATPHAN images were recorded with an intentionally thin
reconstructive layer of 3 mm, corresponding to the smallest low-contrast sub-slice objects (i.e. 3 mm height) chosen
for the analysis.

Results
The results corresponding to the particular settings of
exposure parameters are given:
– in Tables 1A, 2A, and 3A for iCT and
– in Tables 1B, 2B, and 3B for Definition AS+.
As the main aim of the stud was to evaluate the effects of
IR algorithms in relation to the FBP algorithm, the SNRs
in the images reconstructed under both algorithms were
analysed; SNR, as defined above, was used as a measure
of image quality. Thus, for particular levels of the IR algorithms, the ratios SNR(IR)/SNR(FBP) were calculated and
correlated with CTDIvol values. The results are presented
in Figures 1 and 2 for iCT and Definition AS+, respectively.
As an optimal X-ray imaging procedure should provide
a clinically useful image at a reasonably low dose to the
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Table 1B. Definition AS+ (Siemens) Determinants of image quality and CT dose index for exposure parameters U=120 kV, Ixtrot=250 mAs.
Low-contrast resolution (*)

Algorithm of
image
reconstruction

SNR

Supra-slice objects at
1% contrast level

Sub-slice objects
3 mm height

FBP

14.7

3 mm

7 mm

SAFIRE-2

13.8

3 mm

7 mm

SAFIRE-3

17.8

3 mm

7 mm

SAFIRE-4

18.8

3 mm

7 mm

Spatial resolution (**)
(the smallest detectable
distance) [cm]

CTDIvol [mGy]

0.071

39.3

* Diameter (in mm) of the smallest differentiable object is given; ** value after reconstruction using mathematical „bone” filter.
Table 2B. Definition AS+ (Siemens) Determinants od image quality and CT dose index for exposure parameters U=120 kV, Ixtrot=150 mAs.
Low-contrast resolution (*)

Algorithm of
image
reconstruction

SNR

Supra-slice objects at
1% contrast level

Sub-slice objects
3 mm height

FBP

10.4

4 mm

7 mm

SAFIRE-2

12.8

4 mm

7 mm

SAFIRE-3

13.6

3 mm

7 mm

SAFIRE-4

16.6

3 mm

7 mm

Spatial resolution (**)
(the smallest detectable
distance) [cm]

CTDIvol [mGy]

0.071

23.7

* Diameter (in mm) of the smallest differentiable object is given; ** value after reconstruction using mathematical „bone” filter.
Table 3B. Definition AS+ (Siemens) Determinants od image quality and CT dose index for exposure parameters U=80 kV, Ixtrot=150 mAs.
Low-contrast resolution (*)

Algorithm of
image
reconstruction

SNR

Supra-slice objects at
1% contrast level

Sub-slice objects
3 mm height

FBP

2.8

12 mm

no

SAFIRE-2

3.8

9 mm

no

SAFIRE-3

4.0

6 mm

no

SAFIRE-4

4.5

6 mm

no

Spatial resolution (**)
(the smallest detectable
distance) [cm]

CTDIvol [mGy]

0.071

6.8

* Diameter (in mm) of the smallest differentiable object is given; ** value after reconstruction using mathematical „bone” filter.
patient, such an evaluation was performed for the results
obtain in our study.
The effects of the IR and FBP algorithms for a low-contrast
resolution were compared in relation to CTDIvol values. The
smallest diameters of supra-slice objects in the Catphan
phantom were taken into consideration. The appropriate
data are given in Table 4. Correlation between reduction of
CTDIvol and relative difference in low contrast (LC) is presented in Figure 3.
Ømin(FBP), Ømin (IR):
– the smallest diameters of supra-slice objects in the
Catphan phantom visible at the FBP algorithm
and IR algorithms (at the highest analysed level),
respectively;
iCT, Def.AS+ – types of the CT scanners.
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Discussion
Iterative reconstruction algorithms are offered now by four
major CT vendors. These are different software solutions
that are copyright protected.
While a multitude of reports promise that IR algorithms
to enhance diagnostic performance and reduce radiation
exposure, examples of the latter are limited in daily clinical
practice.
It should be underlined that these benefits are evaluated
through the diagnostic value of clinical images. Attention
is given to image quality and especially to noise reduction.
The latter is estimated as 13% to 50% in neurological or
cardiac CT exams [6–8].
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Figure 1. SNR(IR)/SNR(FBP) for iCT (Philips). ID-2 – IR algorithm
at level 2 (Pearson’s coefficient for linear approximation
R2=0.76); ID-4 – IR algorithm at level 4 (Pearson’s
coefficient for linear approximation R2=0.43); ID-6 – IR
algorithm at level 6 (Pearson’s coefficient for linear
approximation R2 0.76).
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Figure 2. SNR(IR)/SNR(FBP) for Definition AS+ (Siemens). SAF-2
– IR algorithm at level 2 (Pearson’s coefficient for linear
approximation R2=0.99); SAF-3 – IR algorithm at level 3
(Pearson’s coefficient for linear approximation R2≈1); SAF-4
– IR algorithm at level 4 (Pearson’s coefficient for linear
approximation R2=0.75).

Table 4. Visualization of the smallest supra-slice low-contrast objects at the FBP algorithm and the highest level of IR algorithm.
iCT

Definition AS+

CTDIvol [mGy]

Ømin [mm]

Relative difference

CTDIvol [mGy]

Ømin [mm]

Relative difference

36.0

FBP --> 3
IDose-6 --> 2

30%

39.3

FBP --> 3
SAFIRE-4 --> 3

0%

21.5

FBP --> 4
IDose-6 --> 3

25%

23.7

FBP --> 4
SAFIRE-4--> 3

25%

7.3

FBP --> 9
IDose-6 --> 6

30%

6.8

FBP --> 12
SAFIRE-4 --> 6

50%

60
Def.AS+

% Difference

50
40
30

iCT

20

Dose reduction can also be evaluated on the basis of clinical scans, and then it ranges between 7% and 80% depending on the CT scanner used [9,11–13].
Moreover, in principle, clinical image evaluation is dependent
on diagnostic requirements and is not absolutely objective.
Consequently, a fully objective evaluation of the effects
of IR algorithms should be performed using standard test
objects for both image control and dose level.

10
0
0

20

40
60
Reduction CTDI [%]

80

Figure 3. Correlation between reduction of CTDIvol and relative
difference in low contrast (LC): % difference=Ømin(FBP)
– Ømin (IR)/ØminFBP [%].Reduction of CTDI=MaxCTDI–
CTDI(i)/Max CTDI [%].
It should be also noted that spatial resolution of CT images is
high and should not change due to the application of reconstructive algorithms. Thus, increased spatial resolution does
not prove that IR algorithms perform better than FBP [8,9].
In the study by Yu at al. [10], image quality of abdominal
CT with iDose4 and FBP was compared subjectively and
objectively, and about a 20% reduction of image noise was
found. This comparison did not include a dose evaluation.

Such standard objects are the Catphan phantom for image
control and CT dosimetric phantoms. Standard phantoms
were used for measurements of CTDIvol and analysis of
quality of image in this study. Thus, anatomical variation
seen in patients and subjective image evaluation do not
confound our results.
Moreover, our investigations concern the effects of two IR
algorithms that are mathematically similar and which are
used on technically comparable CT scanners with the same
technical settings.
Despite such standardization of experimental conditions,
some differences between the two IR algorithms were
found. The first difference concerns the values of lowcontrast resolution as well the sub-slice objects of 3-mm
height as the supra-slice objects (see Tables 1A–3B).
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Based on Figures 1–3, the effectiveness of SAFIRE (for a
given iteration level) increases with a reduction of CTDIvol,
whereas the effectiveness of iDose4 is nearly constant (for
a given iteration level). This is evident on Figure 3 – the
Pearson’s coefficient for linear approximation of the relationship between reduction of CTDIPvol and relative difference in low contrast is R2=0 for iCT and R2=1 for
Definition AS+.
Moreover, the maximal value of SNR(IR)/SNR(FBP) ratio for
iDose4 at level 6 is ≈1.8, whereas for SAFIRE is lower at
level 4 (≈1.6). This is true for all values of CTDIvol.
For the highest CTDIvol used here (i.e. 36 mGy for iCT and
≈39 mGy for Definition AS+), the SNR(IR)/SNR(FBP) at the
highest IR level analysed in this study was ≈1.8 for iDose4
(level 6) and ≈1.3 for SAFIRE (level 4).
Similar results were obtained on the basis of visualization
of the smallest supra-slice low-contrast objects; a comparison between the minimal diameter of the low-contrast
object visible at the FBP algorithm and that visible at the
highest level of the IR algorithm is presented in Table 4.
The iDose4 caused a 30% difference in the diameter, and
this was constant for all CTDIvol levels. At the same 80%
CTDIvol reduction, a maximal difference of 50% was found
for SAFIRE (level 3).
A decreased image noise with constant radiation doses was
also found by Kuo et.al. [10] for the SAFIRE algorithm in
comparison to FBP (both by Siemens) and also on the basis
of an analysis of Catphan images.
The results indicating a possible dose reduction are also
presented in the study by Ward [14], where Brilliance iCT
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with an iterative algorithm was also used by the authors.
In that study, clinical images of the upper abdomen of adult
patients obtained with relatively low exposure parameters (120 kV, 73 mAs) were analysed and then compared to
another series of images obtained with lower anode current
(120 kV, 33 mAs). The latter were still considered as diagnostically acceptable. It should be underlined that the lowered anode current was preceded by analysis of Catphan
600 images, although a criterion of acceptance was the
level of spatial resolution.

Conclusions
1. Both iterative algorithms definitely improve visibility of
low-contrast objects in comparison to a standard algorithm (FBP) with the same exposure parameters.
2. Both iterative algorithms allow obtaning an 80% reduction of CTDIvol values while maintaining an acceptable
visibility of low-contrast objects. At a 40% reduction of
the CTDIvol value, the quality of images remains acceptable (visibility of low-contrast objects and SNR value).
3. The reconstruction algorithm does not have an influence
on the spatial resolution value.
4. Despite the same mathematical rule of action for both
compared iterative algorithms (i.e. iteration successively in the raw data domain and then in the image data
domain), the results produced by the algorithms are different; iDose’s4 effects are constant independently of
CTDIvol, whereas SAFIRE’s effects become better with
increasing CTDIvol. The differences in computer programmes are probably the reason for these findings.
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