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Abstract

artifacts, implying that images acquired with such scanner should de ate “’ring(s)’’ artefact. However,
“’ring(s)’’ artefact is frequently seen in moderate to sevg , ic images but lacking on non-
hydrocephalic images acquired using same machine. Hence ite, causes of persisting “’ring(s)’’ artifact
demonstrable on hydrocephalic CT images.

ter band, and non-hydphalous CT image without
), Anterior Left (AL), posterior right (PR), and

phantom image. Substantial difféteénce in CT numbers between the Outer and Middle “’ring’” band and similarity
between the Outer and Inner “’ring®, band on hydrocephalic image was also found with mean pixel values of
2.444, -1.593 and 2.222. For the non-hydrocephalic images, similarity in CT numbers across the four quadrants
was noted with mean pixel values of AR =17.89, AL=18.56, PR=17.17, and PL=14.00.

Conclusion: CT ring artefacts may be patient based, indicating onset of pathologic process and diagnostic
indicator.
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Ring Artefact as a Potential Intrinsic Feature in CT Imaging: A Phantom-Based Study

1. Introduction

Generally, an artefact can be termed as a distortion
or flaw in an image which does not relate to the subject
under examination. For Computed Tomography (CT),
this can be redefined as anything misread by the
detectors that results in the assignment of an incorrect
Computed Tomography number (CTn) value. That is,
systematic deviation between the CTn in the image
formed and the real attenuation coefficients of the scan
subject [1].

CT image is composed of a matrix of picture
elements (pixels), the scanned subject can be
considered as being made up of a matrix of differential
linear attenuation coefficient volume elements
(voxels). The attenuation value stored in each picture
element is known as the Hounsfield Units (HU) or CT
number (CTn), representing the average linear
attenuation coefficient of tissues (ut), in the volume
element varying within an approximate range -1000 to

+3000 [2,3].

It is assumed that, except for water and
variations in the HU wvalues for all substd
determined at differential tube voltages

on of the X-ray
pn passes through

to tissue heterogeneity and
beam. This means that as x-radia
the subject, there is differential @bsorption of x-
radiation by the tissues of the subject, and the
emergent x-ray beam from the subject carries a pattern
of intensity that is influenced by the thickness and
composition of the tissue in the subject [2].

The assigned pixel values in a CT image are related
to the attenuation of the corresponding tissue, or, more
precisely, to their linear attenuation coefficient p (m-
1), which is dependent on the x-ray beam photon
energy, the make-up of the subject, and the density of
the material. Therefore, CT may be prone to artefact
formation due to any error or discrepancy in measured
pixel values originating from sources like the physical
processes used in CT data acquisition, CT scanner
components, and the patient [4, 3].

XX

CT “’ring’’ artifact is a concentric ring(s) bands
with varying intensities that appear superimposed on
the image and interfere with image analysis and
remain a problem in CT image acquisition [5, 3].
Despite advances in CT technology, the " ring "
artefact, among others persist and studies in the CT
imaging domain have implicated defective tube and/or
tube miscalibration as the sole causes of ring artefact
on CT images of the skull [6]. In practice, however,
ring artifact has been observed only consistently,
especially on images of water phantom and moderate-
to-gross paediatric hydrocephalus cases — a medical
condition indicative of cerebrospinal fluid volume in
excess of 150 ml [7- 12] and not on non-
hydrocephalus images. It is unclear what really
accounts for thé”formation of these rings, and the

implicated
inadequate

the literature appear to be

images of phantom mimicking moderate-to-
8s paediatric hydrocephalus (Figure 2a and 2b),
oderate paediatric hydrocephalus with a ’ ring * band
(Figure 3), and non-hydrocephalus head without ‘ring’
(Figure 4) were used for this study.

The moderate-to-gross paediatric hydrocephalus
mimicking phantom was constructed as follows:

i. A Perspex sheet 4mm thick as Cranium
Simulating Tissue (CST) [13] was cut to size 38cm x
6 cm (length and breadth) to yield the desired 13.00
cm equivalent internal diameter of the phantom when
folded into shape. This represents the effective
diameter of the head for the paediatric age range (0 —
2 years) under study.

The dimension of the skull vertex to the base of the
skull was not incorporated into phantom construction
since x-rays traverse the antero-posterior and
biparietal diameters representing the effective head

diameter during CT head image acquisition.

ii. The Perspex sheet was heated over Microwave
oven at medium power level (50-70%) intermittently
for 0-5 minutes at intervals of 5 seconds — an attempt
aimed at reducing the Perspex hardness, rendering it
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workable into the desired cylindrical shape by folding
and tying it over a cylindrical pipe.

iii. Immediate cooling of the cylindrically shaped
Perspex achieved by immersion in water at room
temperature (27°C) for 2 hours to ensure uniform wall
thickness and prevent wall cracks due to uneven
contraction of the heated Perspex sheet was

undertaken.

iv. Following the cooling phase, cut-to-size circular
Perspex sheets (13.5 cm in dimension) were aligned to
enclose both ends of the formed Perspex cylinder
using registration marks (a, b, ¢, and d) and then glued
together sequentially using wood glue to form a
hollow compartment. Wood glue has been found to
behave radiologically similar to soft tissue at
diagnostic x-ray energies [14].

v. After allowing the assembly to set for 30 minutes,
the excess wood glue was removed carefully with a
razor blade, and the phantom was filled with distilled
water through the drilled slit to mimic a gross
paediatric hydrocephalic environment (Figure 1).

Figure 1a. Head Phantom mimickihg moderate-to-

severe hydrocephalus
o] @] @]
c |d c d
gl 8 5 Bl b
A B C

Figure 1b. Schematic diagram of a Head Phantom
mimicking moderate-to-severe hydrocephalus

vi. A General Electric (GE) Brivo light-speed 16-
slice CT scanner (Model number — CT 385;

Tube type — MX-135, Manufacturer — General
electric (GE); Date of manufacture — 2012

was used to acquire phantom images using the
paediatric protocol/parameters.
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vi. Observed varying intensities describing
concentric paths on the paediatric hydrocephalus and
phantom mimicking hydrocephalus images were
designated as Inner, Middle and Outer “’ring’’ bands,
with Outer “’ring’’ band selected as a control (Figure

2).

CT image of a non-hydrocephalic head without
‘ring’ was divided into four equal quadrants
designated as Anterior Right (AR), Anterior Left
(AL), Posterior Right (PR), and Posterior Left (PL),
and CTn was taken randomly at four points in each
quadrant for images of a normal paediatric head. Since
each region is assumed to have a similar attenuation
coefficient, evident by the homogeneous appearance
CT number was measured at four

alus and phantom mimicking
d per quadrant on
¢ was to obtain the average pixel
traction was carried out using
viewer version 22504.418.1.0, with
est (ROI) = 0.10 cm?.

non-

Data Analysis

ormality test revealed data set to be normally
distributed. The mean values between “’ring’’ bands,
and among quadrants were compared using Dunnett’s
test. Statistical analysis was performed using the
Minitab statistical software version 17. Statistical
significance was set at p < 0.05.
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Figure 2a. Phantom mimicking moderate-to-gross
paediatric hydrocephalus: Axial plane
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Brivo CT385 Series ASLUKPO DIAGNOSTICS . CALABAR Table 1. Protocol for paediatric head mimicking
03/08/2017 15:54:36 02
BRAIN PHANTOM AC-PHANTOM
oua oM phantom CT scan
5mm
Series: 6
Instance: 5§ Parameter Measurement
Image SiZe"512x512 - -
Zooire JEfngla: Slice thickness 5.00 mm
Table increment 7 mm
kiloVoltage power 100 kVp
mAs per slice 100 mAs
Algorithm soft
Scan field of view 126 mm
Scan mode axial

AXIAL MODHE : :
Fov 12600 Window width 54
Loo. .75 mm I 595 cm2 Window level 21
0.25\0.25 mm e . (10.78 mm2)
SOFT HFS . . . .
00mA = Ww 54-WC 21 respectively (Table 3) for phantom mimicking

hydrocephalus images. Significant differences exist

Figure 2b. Phantom mimicking moderate-to-gross between the “’ring’” bands (Table 6). This connotes
paediatric hydrocephalus with ROI (small red circle)

that the middle and inner layers vary significantly with
- . the outermost r, supporting the presence of three
ANORVMZED SRR i ignificant intensity difference as

ANONYMIZED

3106

o inguished with good contrast on

Zoom 160 Angie 0 4 image 2a). Ring Bands are visually
ate paediatric hydrocephalus

, Middle =-1.593, Outer = 2.444) (Table
POV 250 00 m his suggests that only the middle and inner layers
Thk 5.00 mm

Loc: 73.00 mm m5 Area: 0.17 cm2 (17.05 mm2 . . . . . .

04510.49 mm 3 Area: 011 cmz (11,37 mm2) with significant intensity brightness (Table 7).
75000 kVp Te

120 mA v ilarity in CTn was seen across the non-
hydrocephalus head image quadrants (Table 8). This
relates to the difference in intensity, describing a
circular path is nonexistent as visually observed
(Figure 4).

Figure 3. Paediatric hydrocephalus ime
artefacts as indicated by arrows

The Table 3 indicates the mean and standard
deviation values for inner, middle, and outer regions
in a severe hydrocephalus phantom image.

3. Results

The mean CTn number of the ‘ring’’ bands (Inner,
Middle, and Outer) are -1.194, -3.167, and 0.007,

Table 2. Phantom mimicking moderate-to-gross paediatric hydrocephalus CT IMAGE acquisition protocol

PARAMETER MEASUREMENT
kVp, 100 kVp,
mAs 100 mAs
tube current modulation settings (if used),
Rotation time 03s
Pitch 0.5625:1
Detector configuration 24-row helical HiLight Scintillator Detector
Slice thickness 5.00 mm
Increment reconstruction 0.625 mm
kernel/filter, Volumetric Image Space Reconstruction (VISR) 3D filter
Reconstruction algorithm (FBP/IR and Adaptive Statistical Iterative Reconstruction (ASiR),
name/version) VERSION: Original
Matrix size 512 x 512
Field of view (FOV) 126 00 mm
Window/level used for measurements 21
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Table 3. Descriptive statistics of pixel values of the
regions in the severe Hydrocephalus phantom image

Factor N Mean StDev 95% CI

Inner 144  -1.194 2419 (-1.586,-0.802)
Middle 144 -3.167 2.626 (-3.559,-2.775)
Outer 144 0.007  2.107  (-0.385, 0.399)

Table 4. Descriptive statistics of pixel values of the
regions in the moderate paediatric hydrocephalus image

Factor N Mean StDev 95% CI

Inner 27 2.222 1.502 (1.526,2.919)
Middle 27 -1.593  2.024  (-2.289,-0.896)
Outer 27 2.444 1.888 (1.748, 3.141)

The Table 4 indicates the mean and standard deviation
values for inner, middle, and outer regions in a moderate
paediatric hydrocephalus image.

Table 5. Descriptive statistics of pixel values of the
regions in paediatric non-hydrocephalus image

95% CI
(14.29, 21.49)
(13.57,20.77)
(10.40, 17.60)
(14.95,22.16

Factor N Mean StDev
A+AR 18 17.89 7.72
R+PR 18 17.17 8.56
P+ PL 18  14.00 7.84
L+ AL 18 18.56 6.33

Table 6. Dunnett’s Simultaneou
intensities: on paediatric hydrog€p

The Table 5 above indicates the mean and standard
deviation values for inner, middle, and outer regions
in paediatric non-hydrocephalus image.

The outer regions demonstrate significantly higher
pixel values than the inner and middle regions (p =
0.001).

The pixel values for the inner and outer regions are
statistically the same (p = 0.864). The outer region has
statistically higher values than the middle region (p =
0.001.

The Table 8 shows that there is no difference in
pixel values between the quadrants (p > 0.05)

4. Discussio

y perceived ring band on acquired
such a unit. Measurement of CTn

ages was also taken. The study shows the formation
of ring bands in the phantom unit images as well as

vel Mean - Control Mean for measured pixel values for observed ring
phantom images

SE of

Adjusted T

Difference of Level . 95% CI P-Value
Difference Value
Inner — Outer 0.282 (-1.825,-0.577) -4.26 0.001
Middle - Outer 0.282 (-3.798, -2.550) 11.25 0.001

Table 7. Dunnett’s Simultaneous Tests for Level Mean - Control Mean for Measured pixel values for observed ring

intensities: on paediatric hydrocephalic images

Difference of Level Difference of .SE of 95% CI Adjusted T P-Value
Means Difference Value
Inner — Outer 0.222 0.495 (-1.337,0.893) -0.45 0.864
Middle - Outer -4.037 0.495 (-5.152,-2.922) -8.16 0.001

Table 8. Dunnett’s Simultaneous Tests for Level Mean - Control Mean for Measured pixel values for observed ring

intensities: non-hydrocephalic images without rings seen

Difference of Difference of

Adjusted T

. 0, -
Level Means SE of Difference 95% CI Value P-Value
PR - AR -0.72 2.55 (-6.85,5.41) -0.28 0.985
PL - AR -3.89 2.55 (-10.02, 2.24) -1.52 0.301
AL - AR 0.67 2.55 (-5.47, 6.80) 0.26 0.988
FBT, Vol. 11, No. 4 (Autumn 2024) XX-XX XX
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Figure 4. Paediatric head CT images with:

archived images of moderate pag

This presents a shade of gray si the CTn value
stored in each “’ring’’ band represents the average
linear attenuation coefficient of the traversed tissue
volume [2]. Changes in attenuation value for the same
material are accounted for by results of interaction
processes of x-radiation with matter through photon
starvation and/or beam hardening, and this alters
attenuation values significantly [2, 4, 15]. Also,
following the x-ray linear travel path principle [16],
these attenuation value alterations through photon
starvation or beam hardening phenomena are
relatively unidirectional and are assumed to be
resolved within certain specific radial distance
intervals from the image edge to the iso-centre as x-
radiation passes through the subject [17- 20].
Therefore, within a certain range of volume or tissue
thickness of a homogeneous or relatively

XX

ANON3854
ANON3854

HFS
CE:
WW 100 : wWC 40

homogeneous unit under study (paediatric
hydrocephalus mimicking phantom and in paediatric
moderate to severe hydrocephalus images), changes in
attenuation are thus expected and are represented as
regional areas of varied visually perceived brightness
on the image(s). These visually perceived areas of
varying intensity brightness on the images provide a
visual manifestation of changes in CTn as the X-ray
beam traveled over a distance in tissue along a linear
path. The CTn value changes in an image along a
linear path, thus influences image contrast, which, in
combination with the physiology of the eye,
constitutes factors that influence one’s ability to
distinguish between neighboring regions on a CT

image [2].

In the heterogeneous unit (nil hydrocephalus
paediatric head), the same principle of x-radiation
interaction processes with matter, whether through
photon starvation or beam hardening processes during
image acquisition applies and differential attenuation
values are also recorded. And these values also change

FBT, Vol. 14, No. 1 (Winter 2027) XX-XX
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within a certain range(s) of volume or tissue thickness
traversed by x-radiation from the image edge to the
centre. But within a similar distance range traveled by
x-radiation, there is tissue inhomogeneity due to the
presence of mixed composition of brain tissue, blood
vessels, and CSF [21]. This canceled out the formation
of significant homogeneous intensity brightness
within a certain distance range or tissue thickness upon
x-radiation travel and thus, no “’ring’’ track(s) or
path(s) can be traced on the CT image formed. Rather,
an image with subtle heterogeneous intensities, which
is representative of the tissue attenuation coefficient of
each brain constituent is seen (Figure 4).

5. Conclusion

Although defective tube and/or tube miscalibration
have been implicated in the formation of a " ring "
artefact in available literature, the results of this study
suggest that ring artefact could be associated with
hydrocephalus. changes in CTn with
distance were not investigated in this study; thus,

However,

new front for further research.
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