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This study aims to develop an automatic method for calculating slice
thickness on an American College of Radiology (ACR) phantom and
evaluate its accuracy at variations of orientation angle and slice thickness.
The phantom was scanned using Siemens SOMATOM perspective, with
variations of the slice thickness (i.e. 1.5, 3, 5, 6, 7, and 10 mm) and rotation
angles (i.e. 0.0, 22.5, 45.0, and 67.5°). The phantom rotation was based on
the bone object as a reference. After determining the rotation angle, the
phantom image was rotated by the angle. Next, profiles of pixel values
across the wire objects for measuring slice thickness were developed from
rotated phantom images. The slice thickness was measured automatically
from the obtained profiles. The results of the automated method are 2.5, 4.1,
5.4, 5.8, 7.8, and 9.8 mm for all varied slice thicknesses. The differences
between the automatic and manual methods are within 0.3 mm. The
automatic method is capable of detecting slice thickness for various angles.
The differences in slice thickness for various angles are within 0.1 mm for a
slice thickness of 3 mm. These results are similar when compared to manual
measurements. An algorithm for automated slice thickness measurement on
ACR phantom has been successfully developed.
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1. INTRODUCTION

Computer tomography (CT) is widely used in health services worldwide. CT is a non-destructive
imaging modality that can provide detailed information about the internal structure of patients using a
combination of X-ray radiation and a sophisticated computer system [1], [2]. By utilizing CT, images of the
brain, neck, chest, spine, pelvis, abdomen, skull base, sinuses, auditory canal, cervical spine, thoracic spine,
lumbar spine, and many other patient’s bodies can be easily obtained [3], [4]. CT displays anatomical images
of the body clearly in axial, coronal, and sagittal planes [5], [6].

CT image quality is quantified by many parameters including spatial resolution [7]-[9], contrast
resolution [10], and noise [11]. Good image quality can provide relevant information to help medical
personnel to provide accurate diagnostic results to patients [12]. Because slice thickness has a direct impact
on noise level [13] and image spatial resolution [14], it is one main parameter that determines image quality
[13]. Thin slices are usually used for the examination of small organs or anomalies because they provide a
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more detailed image [15], [16]. The slice thickness of CT images typically ranges from sub-millimeters to
5 mm, depending on the anatomy being scanned [17].

Slice thickness can be measured on specifically designed phantoms such as the American College of
Radiology (ACR) CT [18], [19] or American Association of Physicists in Medicine (AAPM) CT
performance [20] or Catphan phantoms [21], [22]. Medical staff usually measure slice thickness manually
based on their expertise and experiences. It is worth noting that manual measurements have some drawbacks,
i.e. dependent on the subjectivity of the human observer. Therefore, efforts to develop an objective
measurement method were carried out.

Lasiyah et al. [23] proposed an automatic measurement of slice thickness on the AAPM CT
performance phantom (CIRS, Virginia, USA). The results showed that the developed algorithm is valid and
capable of producing very accurate measurement results. Karius and Bert [24] proposed an automatic slice
thickness on the Catphan phantom. Automatic CT Software (ACTS) (Gammex Inc.) was used to
automatically measure the slice thickness of the ACR CT phantom. However, the ACTS is not widely owned
by health services because the price is expensive. In addition, the available software had limitations. One of
them is that it can only estimate slice thickness for the exact position [25]. If the image to be analyzed has a
slight angle rotation, the automation cannot measure the slice thickness.

It is worth noting that there is a holder for helping to accurately locate the ACR CT phantom.
However, in practice, it is still difficult to exactly and accurately locate the phantom in the proper position.
Medical personnel sometimes need to scan the phantom many times to obtain the proper position so that the
software can automatically measure the slice thickness. Based on these issues, we developed an automated
tool for measuring slice thickness on ACR CT phantom images that can adjust to the phantom orientation
angle. Our method will help to allow ACR CT phantom positioning with misalignment tolerance, thus
facilitating fast and flexible image acquisition. To prove the robustness of the method, the proposed method
was tested on various nominal slice thicknesses and phantom orientation angles.

2. RESEARCH METHOD
2.1. Phantom image

ACR CT phantom was scanned with a Siemens Somatom perspective CT scanner. The phantom was
scanned with various slice thicknesses from 1.5 mm up to 10 mm for angle 0°, and for slice thickness of 3
mm, the phantom was scanned with four different angles. The scan parameters are shown in Table 1.

Table 1. Scan parameters

Parameters Slice thickness variation  Rotation angle variation
Acquisition mode Helical Helical
Tube voltage (kV) 110 110
Tube current (mA) 100 100
Pitch 1.0 1.0
Field of view (FOV) (mm) 204 204
Reconstruction filter Medsternum Medsternum
Rotation time (s) 1.0 1.0
Slice thickness (mm) 15,3,5,6,7,10 3
Phantom rotation angle (°) 0 0,22.5,45,675

2.2. Automatic slice thickness measurement

Figure 1 illustrates all steps of the automatic measurement of slice thickness on the ACR CT
phantom. Automated measurement of slice thickness on ACR CT phantoms follows a similar principle to the
manual method, which involves counting the wire objects visible on the axial image of the phantom. The
thicker slice thickness leads to more identified wire objects by the observer. However, the number of
identified objects depends on the observer's interpretation. The goal of the automated method is to identify
the number of wire objects using a universal threshold to minimize subjectivity.

Initially, the image was opened using a graphical user interface (GUI) built on Python programming
language (Figure 1(a)). Then, we determined the orientation angle of the phantom using a bone object as a
reference (Figure 1(b)). To achieve the orientation angle of the phantom, the center of the phantom and the
center of the bone object were determined. The bone’s centroid was then determined after the bone was
segmented using a threshold value of 800 HU to produce a binary image, i.e. the bone object had a value of 1
and the background had with value of 0. After determining the centroids of phantom and bone, the angle
between the lines of the two centroids and the vertical line was determined. After determining the angle of
rotation, the image of the phantom was rotated by the angle (Figure 1(c)). This procedure generated an image
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with a zero-degree rotation angle. Next, the profiles of pixel values across the wire objects for measuring
slice thickness were developed from the rotated phantom image (Figure 1(d)). In this case, we developed two
profiles at the right and left wire objects, and the result was calculated as the average of the two profiles. To
automatically measure slice thickness, we normalized the profiles first (Figure 1(d)). It was noted that the
profiles were different from small and wide slice thickness due to partial volume artifacts (PVA), i.e., the top
of the profile of small slice thickness had a higher value than the wide slice thickness. After that, we omitted
noise from the profiles using a threshold value of 0.2, such that any values of profiles greater than 0.2 will be
converted to 1 (Figure 1(e)), and those below 0.2 will be converted to 0. Finally, the peaks of profiles were
automatically counted (n) by labeling them and it directly indicated the slice thickness (Figure 1(f)). The final
slice thickness was calculated as the average of the slice thickness from left and right wire objects.

The determination of rotation angle is illustrated in Figure 2. In the case where the phantom was not
rotated (rotation angle = 0°), the two lines produced 45° (Figure 2(a)). Therefore, the rotation angle was
determined by subtracting 45° from these two lines (Figure 2(b)). This automatic method can be accessed by
clicking the "calculate™ button. Similar to previous studies [13], [23], for many images coming from different
datasets, this method can be replicated easily as the input parameters can be customized according to the
user's needs. The results obtained are also clearly displayed in the results column. To verify the automatic
measurement results, the user can count the objects visible in the image displayed on the screen directly.
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Figure 1. Stages of automatic slice thickness measurement, (a) original image, (b) image of the segmented
bone object as reference for angle determination, (c) lines for developing pixel profile of pixel values for
determining slice thickness on the rotated phantom, (d) resulted in profile of pixel values, (e) red line for
thresholding resulted in profile for deleting noise, and (f) profile after deleting noise. the peaks of the profile
were counted to determine the slice thickness of the image
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Figure 2. Angle determination using the center of the bone object as reference for ACR CT phantom, an
example of the phantom with the angle of (a) 0.0° and (b) 45°

In the current study, the automated slice measurement was to be implemented for measuring slice
thickness with various nominal slice thicknesses and angle rotations. Measurements were performed at five
locations. The average and standard deviation (SD) were calculated.

3. RESULTS AND DISCUSSION
3.1. Variations in slice thickness

Figure 3 shows the images with lines along the object of wires to obtain profiles for various slice
thicknesses of 1.5 mm (Figure 3(2)), 3 mm (Figure 3(b)), 5 mm (Figure 3(c)), 6 mm (Figure 3(d)), 7 mm
(Figure 3(e)), and 10 mm (Figure 3(f)). It appears that the lines along the object of wires to obtain profiles are
in the right position for all variations of slice thickness. The results of the measured slice thickness are
tabulated in Table 2. Figure 4 depicts the relationship between nominal and measured slice thicknesses. We
found that the measured slice thickness correlates linearly with the nominal slice thickness for automatic
method R2=0.9778 and manual method R2=0.9785. This means that the automatic and manual methods
produce similar results for various nominal slice thicknesses.

(b)

(d) (e) )

Figure 3. Images with two lines to obtain profiles along the object of wires for various slice thicknesses:
(@) 1.5 mm, (b) 3 mm, (c) 5 mm, (d) 6 mm, (¢) 7 mm, and (f) 10 mm
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Table 2. Results of automated slice thickness measurement for various slice thickness
Nominal slice thickness  Automatic method (mm)  Manual method (mm)  Difference (mm)

15 2.5+0.3 22401 .

3 4.1+0.6 4.0+0.5 0.1
5 5.4+0.5 5.1+0.6 0.3
6 5.8+1.2 5.7+1.0 0.1
7 7.840.6 7.6+0.6 0.2
10 9.8+1.1 9.7+0.0 0.1

R*=0.9778 |.~

R*=0.0785

® Atomatic Method
21 - = Manual Method
- - -»— unity

Average slice thickness [mm)
[+,
!

Nominal slice thickness (mm)

Figure 4. Correlation between nominal and measured slice thicknesses (automatic method and manual
method)

3.2. Variation in angle rotation

Figure 5 (first row) shows the images of the phantom scanned for fix nominal slice thickness of
3 mm and with rotation angles of 0° (Figure 5(a)), 22.5° (Figure 5(b)), 45° (Figure 5(c)), and 67.5°
(Figure 5(d)). The second row of Figure 5 shows the rotated images of the phantom with different angle
rotations. The images of the phantom are accurately rotated. We were able to position a phantom with a very
high orientation angle error, although this rarely happens in real scenarios. It also indicates the lines (blue
lines) to obtain the profile of the wire object for measuring slice thickness. The results of slice thickness for
various angle rotations are tabulated in Table 3. We found that in various angles, the automatic method
produced similar results as the manual method, with a maximum difference is 0.3 mm.

Figure 5. Original mages (first row) and rotated images with lines for developing profiles along the object of
wires for different angle variations: (a) 0.0°, (b) 22.5°, (c) 45°, and (d) 67.5°
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Table 3. Results of automated slice thickness measurement for fixed nominal slice thickness of 3 mm and for
various angle rotation slice thickness
Nominal slice thickness (mm)  Angle (degree)  Automatic method (mm)  Manual method (mm)  Difference (mm)

3 0.0 4.0+0.7 4.0+0.1 0.0
3 22.5 4.2+0.6 3.9+0.1 0.3
3 45.0 4.0+0.2 3.9+0.1 0.1
3 67.5 4.1+0.3 4.0+0.1 0.1

This research aims to develop an automatic software for measuring the slice thickness in ACR CT
phantom at different slice thicknesses and orientation angles. For clinical purposes, what is needed is not
software that can measure slice thickness with large angle variations, because the ACR CT phantom has a
system to help position the phantom properly. If there is an inaccuracy in the phantom position, for example,
it has a certain angle, it is usually a very small angle. However, existing software usually fails to detect slice
thickness with that small angle [25]. The current proposed software can detect angles, whether large or small
angles. With this software, it will be easier for medical personnel to perform slice thickness measurements
automatically. Medical personnel are still recommended to place the phantom as accurately as possible.
However, if there is a slight inaccuracy in the phantom position, i.e. there is a small angle, medical personnel
do not have to repeat the measurement because the software can still measure slice thickness accurately.

In this study, slice thickness measurement is performed automatically from the wire's object profile.
First, the object is normalized to make it easier to determine the threshold value. If it is not normalized, the
peak value of the profile will be greatly influenced by the slice thickness value due to the PVA phenomenon.
For small slice thickness, the profile peak value will be much higher, compared to the profile peak at large
slice thickness. By performing the normalization process, regardless of the slice thickness value, the peak
value is equal to one. After that, the profile is segmented with a threshold value of 0.2. This means that for a
profile value of more than 0.2, it will be converted to a value of 1, and for a profile value of less than 0.2 it
will be converted to a value of 0. For the initial study, this threshold value has given quite good results.
However, further studies are needed to determine the most optimal threshold value. Next, the slice thickness
value is measured based on the number of objects with a value of 1 using the labeling process.

The results obtained in this study are shown in Figure 4. The nominal slice thickness values used are
1.5, 3,5, 6, 7, and 10 mm. The results for the automatic method are 2.5, 4.1, 5.4, 5.8, 7.8, and 9.8 mm, while
for the manual method are 2.2, 4.0, 5.1, 5.7, 7.6, and 9.7 mm. The correlation coefficient values obtained
from each method are R2=0.9778 and R2=0.9785. Based on these results, the linearity obtained is quite good
because it is close to 1. Based on Table 2, the difference between nominal and measured slice thickness is
about 1 mm or less.

Another approach that can be taken to automatically measure slice thickness is to detect several
peaks in the profile, and the full width at half maximum (FWHM) of the profile is measured. This approach
might get more accurate results and this approach can be done without having to use a threshold value that
may not be appropriate for certain cases. Several studies have used FWHM measurements on aluminum
ramps to measure slice thickness [23], [24]. Although the structure of the aluminum ramp and wire ramp are
different, the FWHM measurement can be applied to both. Slice thickness measurement on the ACR
phantom by measuring the value of the FWHM profile, will be carried out in the next study.

Table 3 shows the results of automatic measurements for four variations of rotation, namely 0.0°,
22.5°, 45.0°, and 67.5° for a nominal slice thickness of 3 mm. The measured slice thicknesses are 4.0, 4.2,
4.0, and 4.1 mm, respectively. In comparison, the results of the manual measurement are 4.0, 3.9, 3.9, and
4.0 mm, respectively. It can be seen that the difference between manual and automated methods is less than
0.3 mm. This shows that the automatic calculation of the slice thickness with the proposed method is accurate
even if the object angle is not in zero position.

In the proposed method, the phantom angle is detected using the reference position of the bone
object. This bone object was chosen because of the easiness of segmenting the object because the bone has a
CT number of +850 HU to +970 while the background is water with a CT number of around 0 HU. In
addition to the bone object, the air object in the phantom is also very easy to segment and can be used as a
references, because the air object has a CT number of around -1,000 HU. On the other hand, polyethylene
and acrylic objects are relatively more difficult to segment because they have a different CT number with a
background of only about 100 HU. In the beginning, we considered using a small radio-opaque object (for
locating phantom at the center gantry) that is at the edge of the phantom, but sometimes the object is not
visible due to several things such as: first, the image is cropped due to the FOV being too small or due to
improper centering, and secondly the phantom position is slightly tilted, which causes the BB object to not
exist in the image, especially at small slice thicknesses. For this reason, we did not use the BB object and
instead used the bone object which is located inside the phantom as a reference. By using the bone object as a
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reference, this software can accurately detect the position of the slice thickness object for several variations
used in this study. However, comprehensive testing for other variations needs to be performed in future
studies.

The limitation of this study lies in the image rotation process. Although this process does not cause
artifacts that affect the measurement results, there is a concern that it alters the pixel profile of the wire
object. It would be better if the automated method could adjust the orientation angle of the phantom without
counter-rotating the image. This will be implemented in our next study.

4. CONCLUSION

A method for automated slice thickness measurement with various ACR CT phantom angles has
been successfully developed. The results of the automated method are 2.5, 4.1, 5.4, 5.8, 7.8, and 9.8 mm for
nominal slice thicknesses of 1.5, 3, 5, 6, 7, and 10 mm, respectively. The differences between the automatic
and manual methods are within 0.3 mm. The results of the automated method of nominal slice thickness of
3 mm for various angles of 0.0°, 22.5°, 45.0°, and 67.5° are 4.0, 4.2, 4.0, and 4.1 mm, respectively.
Compared to the manual method, our automatic method produced similar results in various nominal slice
thicknesses and phantom orientations. Due to its easy nature on ACR CT phantom images with flexible
misalignment tolerances, our method can help medical personnel perform QA procedures in healthcare
facilities efficiently.
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