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Abstract — This study analyses the effects of wire diameter and variations in reconstruction filters (bone and soft tissue) on
the 3D Modulation Transfer Function (MTF) and the Oblique MTF. The reconstruction filter is a parameter that affects CT scans’ ability
to distinguish structural details, depending on the imaging purpose. The wire diameters used, namely 0,2 mm and 0,3 mm, provided
differences to determine the effect of diameter on MTF values. The results showed that small-diameter wires yielded higher MTF 10%
values (better resolution) in all planes when using bone filters. The results showed that the resulting MTF 10% values ranged from
0,61/mm to 1,22/mm and were above the tolerance limit for MTF 10% values, which is > 0,5/mm. Furthermore, smaller-diameter wires
produced higher MTF 10% values (better resolution) in all planes when using a bone filter. Conversely, with soft tissue filters, wire
diameter affected only the sagittal and coronal planes. The slight differences in the sagittal and coronal planes are due to interpolation.
The bone filter consistently improves image sharpness and MTF 10% values (including in the oblique direction), while the soft tissue
filter reduces these values; however, overall, the MTF 10% values obtained meet the spatial resolution standards for clinical diagnosis.
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1. INTRODUCTION

Currently, Computed Tomography (CT) is the primary modality in radiology installations used for diagnosis and interventional
procedures such as biopsy or ablation [1]. CT utilises X-rays to produce images. However, CT is not immune to technical errors.
Therefore, daily Quality Control (QC) is required to ensure that CT images are suitable for use [2]. The operator can use phantoms
to perform daily QC to maintain CT quality. The operator must evaluate several parameters using phantoms, including noise, spatial
resolution, artifacts, and CT linearity [2] .

Phantoms are made from specialised physical models and can serve as a QC medium [3]. Researchers have widely developed
phantoms to evaluate CT images. One phantom used to evaluate CT image quality is the wire phantom, which serves to determine
spatial resolution [4]. Spatial resolution is the ability of an imaging system to distinguish the smallest objects in two dimensions;
the smaller the objects it can capture, the higher the resolution [4]. We describe spatial resolution by using the Modulation Transfer
Function (MTF), which quantifies how system modulation changes with spatial frequency and defines the resolution limit at the
10% level [5]. MTF also describes the relationship between system modulation and spatial frequency. The tolerance limit for an
MTF value of 10%, which is the limit of human vision, is > 0.5/mm. We can determine the MTF in CT images using a wire phantom,
and we must consider several important parameters, including phantom material, wire material, field of view (FOV), image
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reconstruction, slice thickness, focal spot, CT scan type, and image reconstruction algorithm. Then, the MTF curve can be generated
from calculations using the Line Spread Function (LSF), Point Spread Function (PSF), and Edge Spread Function (ESF) [4].

Accurate MTF calculations require complex slice directions. In clinical practice, CT imaging is used to depict internal
anatomical structures in 3D, with the X, y, and z axes. The problem occurs when the image slice direction is not parallel to the x, y,
or z axis [6]. Additional geometric approaches can improve spatial direction coverage and spatial resolution estimation [7]. The
addition of diagonal wires that intersect the phantom’s centre (oblique) can represent more complex anatomical conditions that are
not always aligned with the x, y, and z axes. The more complex the data representation of the MTF value, the more the resulting
MTF value represents the actual anatomical condition [8].

Therefore, to test the MTF values produced in complex anatomical conditions that are not parallel to the X, y, and z axes, a wire
phantom was created with additional diagonal wires that intersect the centre point of the phantom. It can provide a more complex
representation of MTF values [8]. We used stainless steel wires with diameters of 0.2 mm and 0.3 mm to represent delicate
anatomical structures in the human body, such as bone trabecula and thin cortical layers, and blood vessels, which are often the
target objects during clinical CT examinations [9]. Then, it can determine and compare 10% MTF values under varying wire
diameters and reconstruction filter types, namely, bone and soft tissue filters. The resulting MTF values will serve as a standard
reference for CT images, used as a tool for clinical diagnosis and for viewing human anatomy at small diameters.

1I. EXPERIMENTAL PROCEDURE
1. Materials

This study used several materials, namely acrylic as the primary material for phantoms equivalent to soft tissue, stainless steel
wires with diameters of 0.2 mm and 0.3 mm as test objects, distilled water as the phantom filling fluid, and axial images from CT
scans, which we used to calculate MTF values and analyse the effects of reconstruction filter variations and wire diameter. We
performed the scans using a GE Revolution EVO 123-slice CT scanner.

2. Designs

In this study, we used four phantoms: the first and second contained 0.2 mm-diameter stainless steel wire, and the third and
fourth contained 0.3 mm-diameter wire. We chose stainless steel because it provides accurate MTF measurements, and we often
use it as a standard for image quality evaluation [10]. We used stainless steel wires with diameters of 0.2 mm and 0.3 mm to
represent delicate anatomical structures in the human body, such as bone trabecula and thin cortical layers, and blood vessels, which
are often the target objects during clinical CT examinations [9].

Figure 1a shows the first phantom design with a test object consisting of a 0,2 mm diameter stainless steel wire placed inside
the phantom. This phantom was designed with three wires, positioned parallel to the principal axes (x, y, and z) to represent
orthogonal directions. Then, in Figure 1b, four wires were used, with three wires positioned parallel to the x, y, and z axes, and one
diagonal wire added to intersect the centre point of the phantom. This diagonal (oblique) wire represents anatomy that is not always
parallel to the x, y, and z axes. Thus, a more complex and realistic representation of anatomical conditions will be obtained in the
MTF calculation.

Figure 2b shows the second phantom design, with a test object consisting of 0,3-mm diameter stainless steel wires. This phantom
has a similar design to the first phantom but differs in the diameter of the test-use wires, which are larger diameter. This difference
in size was specifically designed to evaluate the effect of wire diameter variation on MTF measurements. By comparing the MTF
values obtained from both phantoms, it is possible to analyse the extent to which object size can affect MTF values, both in the
axial, sagittal, coronal, and oblique directions.
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Fig. 1. Phantom Design with 0.2 mm diameter wire components on the (a) x, y, and z axes and on the (b) X, y, and z axes and
the addition of diagonal wires
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Fig. 2. Phantom Design with 0.3 mm diameter wire components on the (a) x, y, and z axes and on the (b) X, y, and z axes and
the addition of diagonal wires

We performed phantom scanning with a 128-slice CT scanner, using settings specifically adjusted for image-quality analysis in
MTF calculations. In this procedure, the only parameter changed was the reconstruction filter type, namely, soft and bone
reconstruction filters. Conversely, other scanning parameters remained constant: the tube voltage, the tube current, the slice
thickness, and the Field of View (FOV). All scans were performed in axial mode.

The axial image dataset was then reformatted using the IndoQCT software with the cubic interpolation method. We used axial
slices in this process. We chose cubic interpolation because it produces smoother, more stable changes in pixel values, thereby
reducing the potential for image distortion during rotation and reorientation [11]. 3D MTF measurements are automatically
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performed using the IndoQCT software. First, the slices used to measure each field are selected. The MTF values for the x and y
axes are obtained from axial images, while the MTF values for the z axis are obtained from sagittal and coronal images.

We reformatted the axial images to produce sagittal and coronal images; we then used the two reformatted images to determine
the MTF along the longitudinal axis [12]. To obtain oblique images, we performed reconstruction by first drawing lines
perpendicular to the orientation of the diagonal wires on the coronal image plane. These lines serve as extraction paths for intensity
profiles representing the oblique direction. Reconstruction along this perpendicular line produces an image (point-like image) that
represents the system’s response to the wire in the oblique direction. This point image is then used to form a spread function and.,
subsequently, to calculate the MTF oblique value.

III. RESULT AND DISCUSSION

Table. 1. MTF 10% Value of the Fantom Images

1
Reconstruction MTF 10% (mm™)
Phantom
filter Axial (x) Axial (y) Sagital (z) Koronal (z) Oblique
.02 mm Phantom Bone 117002 | 1,19+£003 | 0,78=0,14 1,09 £ 0,03 ;
without  Diagonal
Wire Soft tissue 0,62+0,00 | 0,61£0,01 | 0,65%0,02 1,07 0,01 -
05 mm Phantom Bone 1164002 | 1,19+0,02 | 1,04+005 106008 | 1,15+0,00
with Diagonal Wire Soft tissue 0,610,010 | 0,63+0,01 | 0,98+0,01 1,02£001 | 0,62+0,00
03 mm Phantom Bone 109001 | 1,11£001 | 077008 1,01 £ 0,04 ;
without  Diagonal
Wire Soft tissue 0,61£000 | 0,61+000 | 070001 1,02 + 0,00 -
03 mm  Phantom Bone 1,10£000 | 1,09£001 | 090+009 | 083=008 | 1,06+0,00
with Diagonal Wire Soft tissue 0,62£002 | 061001 | 089+009 | 089+0.13 | 0.61+0,00

Table 1 shows that overall, all phantoms produced MTF 10% values within the recommended standard range, which is > 0,5/mm
for each plane, including the axial (x), axial (y), sagittal (z), coronal (z), and oblique planes. The MTF 10% value is calculated to
ensure that the CT system’s spatial resolution meets the criteria for use in clinical assessment.

To ensure measurement accuracy, each MTF value presented in the table was calculated from five repeated measurements for
each phantom configuration, reconstruction filter type, and image field. The values shown in the table are the mean + standard
deviation (SD) of these five measurements. These variations are due to sample noise, the interpolation process, and the
reconstruction kernel.

The relatively small standard deviation values (ranging from 0,00 to 0,14) indicate that this method has good repeatability and
low measurement variability. This confirms that MTF measurements in both orthogonal and oblique directions are stable. These
results also support the conclusion that variations in MTF values are not caused by measurement instability, but rather by differences
in wire diameter and the influence of reconstruction filters.

In the oblique direction, the difference in MTF 10% values is most apparent. With the bone filter, the 0,2 mm-diameter wire
consistently provides higher MTF 10% values than the 0,3 mm wire across the entire field. Conversely, with the soft filter, the
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effect of wire diameter is only apparent in the sagittal and coronal planes. Evaluation of the oblique direction is critical because the
orientation of anatomical structures is rarely parallel to the three principal axes. Hence, MTF performance in the oblique direction
reflects a combination of lateral resolution in the axial plane and longitudinal resolution along the z-axis [13].

The effect of the reconstruction filter is most dominant in the axial (x-y) plane. The bone filter significantly increases the MTF
10% value by sharpening object edges, while the soft filter actually reduces the response at the high frequencies. However, when
we view the image in the sagittal and coronal planes, the effect of the filter is almost imperceptible because these two planes are
reformatted from the axial image and are more influenced by the detector size in the z-direction than by the reconstruction filter
[14]. Figures 3 - 7 show graphs of MTF values in the axial (x), axial (y), sagittal (z), coronal (z), and oblique planes.
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Fig. 3. MTF Value Graph on the Axial Plane (x)
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Fig. 4. MTF Value Graph on the Axial Plane (y)
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Fig. 5. MTF Value Graph on the Sagittal Plane (z)
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Fig. 6. MTF Value Graph on the Coronal Plane (z)
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Fig. 7. MTF Value Graph on the Oblique Plane

10% values, especially with the bone filter [4] [15]. However, with a soft filter, the effect of wire diameter is not visible in all
planes: only the sagittal and coronal planes show changes. In contrast, the axial and oblique planes are not affected by variations in
wire size. When using soft filters, the effect of wire diameter is only visible in the sagittal and coronal planes because these two
planes are more influenced by resolution along the z-axis (slice-thickness-dependent). This is in contrast to the axial and oblique
planes, which are entirely dependent on the smoothing in-plane filter when using a soft filter. Thus, the effect of the wire diameter
used is blurred.
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The stability of the 3D MTF values is particularly evident when the wire diameter remains constant. In the axial plane, the MTF
10% value remains stable because the in-plane pixel size directly controls its resolution. In contrast, the sagittal and coronal planes
show slight variations due to interpolation along the z-axis and the filter’s smoothing characteristics, resulting in MTF values that
are not fully isotropic.

IVv. CONCLUSIONS

The evaluation results show that wire diameter strongly influences the 3D MTF, along with reconstruction filter type and analysis
plane orientation. A smaller wire diameter yields a higher MTF 10% value, especially with a bone filter, whereas with a soft filter,
this effect is only apparent in the sagittal and coronal planes. The reconstruction filter has a significant impact on the axial plane,
where the bone filter consistently increases the MTF 10% value. In contrast, in the sagittal and coronal planes, the effect is minimal
because both planes originate from axial image reformatting. A fairly noticeable difference in MTF values is observed in the oblique
direction, reflecting a combination of lateral and longitudinal resolution. It is essential for assessing anatomical orientations that are
not parallel to the central axis. Overall, all phantoms provided MTF 10% values within the recommended standard limits, indicating
that the spatial resolution of CT images is feasible and reliable for clinical use.

This phantom is pratical for daily QC because the scanning process takes less than 1 minute, and MTF analysis can be complate
in 5-10 minutes. Operators only neeed basic training in software operation, making this phantom suitable for routine QC
implementation in radiology facilities.
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