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Abstract

Purpose: The purpose of this study is to automate the slice thickness verification

on the AAPM CT performance phantom and validate it for variations of slice thick-

ness, position from iso‐center, and reconstruction filter.

Methods: An automatic procedure for slice thickness verification on AAPM CT per-

formance phantom was developed using MATLAB R2015b. The stair object image

within the phantom was segmented, and the middle stair object was located. Its

angle was determined using the Hough transformation, and the image was rotated

accordingly. The profile through this object was obtained, and its full‐width of half

maximum (FWHM) was automatically measured. The FWHM indicated the slice

thickness of the image. The automated procedure was applied with variations in

three independent parameters, i.e., the slice thickness, the distance from the phan-

tom to the iso‐center, and the reconstruction filter. The automated results were

compared to manual measurements made using electronic calipers.

Results: The differences of the automated results from the nominal slice thick-

nesses were within 1.0 mm. The automated results are comparable to those from

manual approach (i.e., the difference of both is within 12%). The automatic proce-

dure accurately obtained slice thickness even when the phantom was moved from

the iso‐center position by up to 4 cm above and 4 cm below the iso‐center. The
automated results were similar (to within 0.1 mm) for various reconstruction filters.

Conclusions: We successfully developed an automated procedure of slice thickness

verification and confirmed that the automated procedure provided accurate results.

It provided an easy and effective method of determining slice thickness.
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1 | INTRODUCTION

Computed tomography (CT) has the ability to precisely locate organs1,2

and detect abnormalities, such as tumors, within the body.3 It is a non‐
invasive, quick, and painless technique with good spatial resolutions

(both in‐plane [x‐y] and cross‐plane [z])4,5 and good contrast.6 CT imag-

ing depends on many parameters, from pre‐image processing until post‐
image processing, to ensure image quality. The parameters used in pre‐
image processing define the resulting image quality, which then affect
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the decision on treatment.7–9 These parameters include the reconstruc-

tion field of view (FOV), the effective mAs, the reconstruction algo-

rithm, beam collimation, and slice thickness.9,10

Slice thickness is one of the important parameters, and it has to

be optimized as needed. Slice thickness affects the cross‐plane reso-

lution of the clinical image, which then impacts the accuracy of the

size determination of the organ.11,12 The slice thickness also directly

impacts image noise. Decreasing the reconstructed slice thickness

increases image noise.13 To compensate for increased noise, the

operator may choose to increase the mAs (dose) to the patient.14

The accuracy of slice thickness determination has been investigated

in previous studies using various phantoms.15–20 In the AAPM CT per-

formance phantom, slice thickness is measured as the thickness of a

stair object using electronic calipers.21–23 A more objective measure-

ment of slice thickness can be achieved by determining the full‐width at

half maximum (FWHM) of the pixel profile across the stair objects.24

However, this manual approach is tedious and time‐consuming. An

automated procedure would increase the measurement speed and

objectivity. An automated procedure for slice thickness verification on

the AAPM CT performance system utilizing MATLAB software was pre-

viously proposed by Sofiyatun et al.21 They showed that automated

procedure can produce a more accurate estimate than manually calcu-

lated results.21 However, the study was only conducted for one slice

thickness value, i.e., 5 mm. In this paper, we validated automated slice

thickness results for various slice thicknesses, phantom positions from

the iso‐center, and reconstruction filters.

2 | MATERIALS AND METHODS

2.A | CT scanner and phantom

The study was conducted at the Radiological Installation of the

Diponegoro National Hospital (RSND), using a Philips Ingenuity 128‐

slice CT scanner [Fig. 1(a)] and the AAPM CT performance phantom

(Model 610, CIRS, Virginia, US) [Fig. 1(b)]. The objects for slice thick-

ness measurement were aluminum plates each of size 0.635 mm ×

25.4 mm, surrounded by water. Figure 1(c) shows an axial image of

the phantom. The AAPM CT performance phantom was scanned

with three different variables: nominal slice thickness, position from

the iso‐center, and reconstruction filter. The respective acquisition

parameters are listed in Table 1.

(a) (b)

(c)

F I G . 1 . (a) Philips 128‐slice CT scanner
(b) AAPM CT performance phantom, and
(c) a CT image of the phantom.

TAB L E 1 Acquisition parameters for the variations of slice
thickness, position from iso‐center, and reconstruction filter.

Acquisition
parameter

Variation of
slice thickness

Variation of
position
from iso‐center

Variation of
reconstruction
filter

Tube potential 120 kV 120 kV 120 kV

Tube current 200 mA 200 mA 200 mA

Mode Helical Helical Helical

Pitch 0.984 0.984 0.984

Field of

view (FOV)

260 mm 260 mm 260 mm

Rotation time 1 s 1 s 1 s

Filter

reconstruction

Mid‐sternum Mid‐sternum Mid‐sternum,

soft tissue,

bone, cardiac,

and brain

Position At iso‐center At iso‐center,
2 and

4 cm above,

and 2 and

4 cm below

At iso‐center

Slice thickness 1, 2, 3, 4,

and 5 mm

5 mm 5 mm
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F I G . 2 . The steps of automated approach of slice thickness measurement: (a) CT image depicting the stairs object for determining the slice
thickness, (b) segmentation of the stairs, (c) labeling the stairs, (d) the second object chosen (the middle object) #2, (e) red dot in the center
position of the labeled object, (f) cropped image, (g) Hough transformation of cropped image, (h) normalized result of Hough transformation, (i)
integration of Hough transformation to 1‐D to determine automatically the minimum angle, (j) cropped original image of the middle object #2,
(k) image rotated by the minimum angle determined, (l) image re‐cropped to 30 × 30 pixels to eliminate the stair foundation, (m) average
profile, (n) determining half‐maximum of the profile, and (o) the FWHM of the profile, which provides the slice thickness of the image.

F I G . 3 . Screenshot of IndoseCT for manual slice thickness measurement.
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F I G . 4 . Images of the phantom for various slice thicknesses: (a) 1 mm, (b) 2 mm, (c) 3 mm, (d) 4 mm, and (e) 5 mm.

F I G . 5 . Profiles of the stair objects with FWHM values for various nominal slice thicknesses: (a) 1 mm, (b) 2 mm, (c) 3 mm, (d) 4 mm, and (e)
5 mm.
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2.B | Automated measurement

The automated procedure for slice thickness verification was carried

out utilizing a program developed in MATLAB R2015b. Figure 2

shows the program workflow for processing each image to obtain

the FWHM value of the slice thickness.21

After segmenting, cropping and rotating the objects by an angle

determined by the Hough Transformation, the profile across the

objects [Fig. 2(l)] was created by averaging the pixel values in the x‐
direction Fig. 2(m)]. The maximum profile value and the half‐
maximum value were obtained [Fig. 2(n)], and the FWHM was calcu-

lated for each image in pixels [Fig. 2(o)], and converted to mm using

the DICOM header conversion factor. All these steps were per-

formed automatically by tapping a single button.21 The measure-

ments for every variation were conducted on five frames, and the

averages and standard deviations were calculated.

2.C | Manual measurement

The automated results of slice thicknesses were compared to manual

measurements. Manual measurement of the slice thickness was car-

ried out on IndoseCT software.25 Manual calculation was performed

by measuring the thickness of the middle stair object using an elec-

tronic caliper. Both ends of the line drawn by the electronic caliper

were placed on both sides of the middle stair object, and their

boundaries were determined based on visual observation by the

authors. Measurements were performed in three positions on the

middle stair object after the image was zoomed‐in. Figure 3 shows

the manual measurement based on our zoomed‐in view.

3 | RESULTS

3.A | Slice thickness variation

Figure 4 shows the image of the phantom for various nominal slice

thicknesses from 1 to 5 mm. The corresponding profiles across the

TAB L E 2 Results of automated and manual calculations of the slice
thickness for various slice thicknesses.

Set slice
thickness

Slice thickness (mm)

Difference
(%)

Automated
calculation

Manual
calculation

1 mm 2.0 ± 0.1 1.9 ± 0.1 5.0

2 mm 2.7 ± 0.0 2.7 ± 0.0 0.0

3 mm 3.5 ± 0.0 3.6 ± 0.2 2.9

4 mm 4.5 ± 0.1 4.7 ± 0.1 4.4

5 mm 5.1 ± 0.1 5.7 ± 0.3 11.8

F I G . 6 . Images of the phantom for different phantom positions from the iso‐center: (a) at iso‐center, (b) 2 cm above the iso‐center, (c) 4 cm
above the iso‐center, (d) 2 cm below the iso‐center, and (e) 4 cm below the iso‐center.
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stair objects are shown in Fig. 5, along with the FWHM results for

each slice thickness in units of both pixels and mm. The average val-

ues and standard deviations of both automated and manual calcula-

tions for various nominal slice thicknesses are tabulated in Table 2.

The differences between the automated and manual results are less

than 12%. The differences between the automated results and the

nominal slice thicknesses are within 1.0 mm.

3.B | Position from iso‐center variation

Figure 6 shows the image of the phantom for various phantom posi-

tions from the iso‐center, and the corresponding profiles across the

stair objects are shown in Fig. 7. The average values and standard

deviations of both automated and manual calculations are tabulated

in Table 3. The automatic method was able to accurately measure

the slice thickness for various phantom positions from the iso‐

center. For all positions, the differences of the automated results of

slice thickness from the nominal slice thickness are less than

0.3 mm. The automated results are closer than the manual results to

the nominal slice thickness.

3.C | Reconstruction filter variation

Figure 8 shows the image of the phantom for various image recon-

struction filters, and the profiles across the stair objects are shown

in Fig. 9. The average values and standard deviations for both auto-

mated and manual calculations for various image reconstruction fil-

ters are tabulated in Table 4. The automatic method is able to

accurately measure the slice thickness for various image reconstruc-

tion filters. For all filters, the differences between the automated

results and the nominal slice thicknesses are less than 0.1 mm.

4 | DISCUSSION

This study aims to develop and validate an automated procedure for

the slice thickness verification from an AAPM CT performance phan-

tom so that easier and more effective pre‐treatment measurement

can be made. The automated procedure for slice thickness verifica-

tion uses the thickness of the stair objects in an axial image.21

Increase thickness of the stairs results in a wider slice thickness.22

Previously, an automated slice thickness determination was pro-

posed and implemented on one nominal slice thickness of 5 mm.21

This current study further validated the algorithm for several

F I G . 7 . Stair object's pixels profiles and FWHM values for different phantom positions to the iso‐center: (a) center of iso‐center, (b) 2 cm
above the iso‐center, (c) 4 cm above the iso‐center, (d) 2 cm below the iso‐center, and (e) 4 cm below the iso‐center.

TAB L E 3 Results of automated and manual calculations of the slice
thickness for various positions from the iso‐center.

Phantom position
to iso‐center

Slice thickness (mm)

Difference (%)
Automated
calculation

Manual
calculation

Center 5.1 ± 0.1 5.7 ± 0.3 11.8

2 cm above 5.1 ± 0.1 5.7 ± 0.1 11.8

4 cm above 5.3 ± 0.3 5.7 ± 0.2 7.5

2 cm below 5.1 ± 0.2 5.7 ± 0.1 11.8

4 cm below 5.2 ± 0.1 5.6 ± 0.3 7.7
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F I G . 8 . Images of the phantom in the center of iso‐center for various reconstruction filters: (a) mid‐sternum filter, (b) soft tissue
reconstruction filter, (c) bone reconstruction filter, (d) cardiac reconstruction filter, and (e) brain reconstruction filter.

F I G . 9 . Stair object's profiles and FWHM values for various reconstruction filters: (a) lung reconstruction filter, (b) soft tissue reconstruction
filter, (c) bone reconstruction filter, (d) cardiac reconstruction filter, and (e) brain reconstruction filter.
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variations, i.e., slice thickness, position from iso‐center, and image

reconstruction filter. We found that all nominal slice thicknesses

from 1 to 5 mm, the differences between the automated results, and

the nominal slice thicknesses are within the tolerance limit, i.e.,

1.5 mm.17,26

The current study confirmed that the results from the automated

procedure are independent of position of the phantom from iso‐
center. This suggests that users do not need to precisely locate the

phantom in order to measure the slice thickness from the resulting

image. This not only helps speed up image acquisition but also sim-

plifies the image acquisition process. Another finding of the current

study is that automated slice thickness results are not affected by

the reconstruction filter used. This is different from the manual

approach where the results may be affected by the reconstruction

filter used, because user subjectivity in locating the border of the

stair object may depend on the reconstruction filter.

The differences between the automated slice thickness results

and manual results were within 12%. We found that the automated

results were accurate, i.e., differences of less than 1 mm between

them and the nominal slice thicknesses. Our automated method will

be helpful in conducting a more convenient slice thickness verifica-

tion. However, we need to validate its accuracy for different FOVs

in a further study.

In this study, we focused on the middle stair object, assuming

that its slice thickness value is no different from other two stair

objects. The automated results of slice thickness may be affected by

noise level, mode of acquisition (i.e., step and shot or helical modes),

and pitch factor. All these parameters need to be investigated in

future studies.

Apart from the slice thickness, the AAPM CT performance phan-

tom has modules for measuring other CT performance parameters,

such as noise, linearity of CT number, beam hardening, spatial in‐
plane resolution, low contrast, and so on.27,28 Developing an auto-

mated system for these parameters would greatly assist medical

physicists in carrying out routine quality control.

5 | CONCLUSIONS

We have proposed and validated the algorithm for an automated

procedure for slice thickness verification on an AAPM CT

performance phantom. We validated it for variations of slice thick-

ness, positions from iso‐center, and reconstruction filter. The auto-

mated results are accurate, differing from the nominal thickness by

less than 1.0 mm for slice thicknesses from 1 to 5 mm, for various

positions, and for various reconstruction filters.

ACKNOWLEDGMENT

This work was funded by the World Class Research University

(WCRU), Diponegoro University, No. 118‐08/UN7.6.1/PP/2021.

REFERENCES

1. Kalender WA. X‐ray computed tomography. Phys Med Biol. 2006;51:

R29–R43.
2. Filler A, Filler A. The history, development and impact of computed

imaging in neurological diagnosis and neurosurgery: CT, MRI, and

DTI. Nature Precedings. 2009.

3. Cho EM, Kang H, Shin YG, Yun JH, Seung K, Park S. Detection of

breast abnormalities on enhanced chest CT: correlation with breast

composition on mammography. J Korean Soc Radiol. 2017;76:96–103.
4. Hsieh J. Computed Tomography: Principles, Design, Artifacts, and

Recent Advances. Bellingham, WA: Society of Photo Optical Instru-

mentation Engineering; 2009:2.

5. Anam C, Fujibuchi T, Budi WS, et al. An algorithm for automated

modulation transfer function measurement using an edge of a

PMMA phantom: impact of field of view on spatial resolution of CT

images. J Appl Clin Med Phys. 2018;19:244–252.
6. Anam C, Budi WS, Haryanto F, Fujibuchi T, Dougherty G. A novel

multiple‐windows blending of CT images in red‐green‐blue (RGB)

color space. Sci Vis. 2019;11:56–69.
7. Kasban H, El‐Bendary MAM, Salama DH. A comparative study of med-

ical imaging techniques. Int J Informat Sci Intell Syst. 2015;4:37–58.
8. Hashemi N, Haddadnia J. Comparison of PET, CT, and MRI imaging

scans detection methods for the diagnosis of gastric cancer. Biosci,

Biotechnol Res Asia. 2015;12:2235–2240.
9. Davis AT, Palmer AL, Pani S, Nisbet A. Assessment of the variation

in CT scanner performance (image quality and Hounsfield units) with

scan parameters, for image optimisation in radiotherapy treatment

planning. Phys Med. 2018;45:59–64.
10. IAEA. Quality assurance programme for computed tomography: diag-

nostic and therapy applications. Vienna, Austria: International Atomic

Energy Agency Library Cataloguing in Publication Data; 2012.

11. Luo H, He Y, Jin F, et al. Impact of CT slice thickness on volume and

dose evaluation during thoracic cancer radiotherapy. Cancer Manage-

ment and Research. 2018;19:3679–3686.
12. Ford JM, Decker SJ. Computed Tomography slice thickness and its

effects on three‐dimensional reconstruction of anatomical structures.

J Foren Radiol Imaging. 2016;4:43–46.
13. Morsbach F, Zhang YH, Martin L, Lindqvist C, Brismar T. Body com-

position evaluation with computed tomography: Contrast media and

slice thickness cause methodological errors. Nutrition. 2019;59:50–
55.

14. Raman SP, Mahesh M, Blasko RV, Fishman EK. CT scan parameters

and radiation dose: practical advice for radiologists. J Am Coll Radiol.

2013;10:840–846.
15. Monnin P, Sfameni N, Gianoli A, Ding S. Optimal slice thickness for

object detection with longitudinal partial volume effects in computed

tomography. J Appl Clin Med Phys. 2017;18:251–259.
16. Somigliana A, Zonca G, Loi G, Sichirollo AE. How thick should CT/

MR slices be to plan conformal radiotherapy? A study on the accu-

racy of three‐dimensional volume reconstruction. Tumori. 1996;

82:470–472.

TAB L E 4 Results of automated and manual calculations of the slice
thickness for various reconstruction filters.

Reconstruction
filter

Slice thickness

Difference
(%)

Automated
calculation

Manual
calculation

Mid‐sternum 5.1 ± 0.1 5.7 ± 0.3 11.8

Cardiac 5.1 ± 0.1 5.6 ± 0.2 9.8

Soft tissue 5.1 ± 0.1 5.4 ± 0.2 5.9

Bone 5.1 ± 0.1 5.7 ± 0.0 11.8

Brain 5.1 ± 0.1 5.7 ± 0.1 11.8

320 | LASIYAH ET AL.



17. McCollough CH, Bruesewitz MR, McNitt‐Gray MF, et al. The phan-

tom portion of the American College of Radiology (ACR) Computed

Tomography (CT) accreditation program: practical tips, artifact exam-

ples, and pitfalls to avoid. Med Phys. 2004;31:2423–2442.
18. Hobson MA, Soisson ET, Davis SD, Parker W. Using the ACR CT

accreditation phantom for routine image quality assurance on both

CT and CBCT imaging systems in a radiotherapy environment. J Appl

Clin Med Phys. 2014;15:226–239.
19. Gulliksrud K, Stokke C, Martinsen ACT. How to measure CT image

quality: Variations in CT‐numbers, uniformity and low contrast reso-

lution for a CT quality assrurance phantom. Phys Med. 2014;30:521–
526.

20. Garayoa J, Castro P. A study on image quality provided by a kilovolt-

age cone‐beam computed tomography. J Appl Clin Med Phys.

2013;14:239–257.
21. Sofiyatun S, Anam C, Zahro U, Rukmana D, Dougherty G. An auto-

mated measurement of image slice thickness of computed tomogra-

phy. International Conference and School on Physics in Medicine

and Biosystems. 2020.

22. Makmur IWA, Setiabudi W, Anam C. Evaluasi ketebalan irisan (slice

thickness) pada pesawat CT scan single slice. J Sains dan Matemat.

2013;21:42–47.

23. American Association of Physicists in Medicine. AAPM Report No 1

Phantoms For Performance Evaluation And Quality Assurance Of CT

Scanners. Chicago: American Association of Physicists in Medicine;

1977.

24. Aishipli M, Kabir NA. Effect of slice thickness on image noise and

diagnostic content of single‐souce‐dual energy computed tomogra-

phy. IOP conf Series J Phys. 2017;851:012005.

25. Anam C, Haryanto F, Widita R, Arif I, Dougherty G, McLean D. Vol-

ume computed tomography dose index (CTDIvol) and size‐specific
dose estimate (SSDE) for tube current modulation (TCM) in CT scan-

ning. Int J Radiat Res. 2018;16:289–297.
26. Greene TC, Rong XJ. Evaluation of techniques for slice sensitivity

profile measurement and analysis. J Appl Clin Med Phys.

2014;15:281–294.
27. Mansour Z, Mokhtar A, Sarhan A, Ahmed MT, El‐Diasty T. Quality

control of CT image using American College of Radiology (ACR)

phantom. Egyptian J Radiol Nucl Med. 2016;47:1665–1671.
28. Zahro UM, Anam C, Budi WS, Saragih JH, Triadyaksa P, Rukmana

DA. Investigation of noise level and spatial resolution of CT images

filtered with a selective mean filter and its comparison to an adap-

tive statistical iterative reconstruction. Iran J Med Phys. 2020.

https://doi.org/10.22038/ijmp.2020.48813.1786

LASIYAH ET AL. | 321

https://doi.org/10.22038/ijmp.2020.48813.1786

