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Introduction

Abstract

Introduction: Image quality reduction due to metallic artefacts is a significant
challenge during vascular computed tomography (CT) imaging of the lower
extremities in patients with hip prostheses. This study aims to analyse various
reconstruction algorithms’ ability to reduce metal artefacts due to two types of
hip prostheses during lower extremity CT angiography examinations. Methods:
A pelvis phantom was fabricated with the insertion of a tube filled with
contrast media to simulate the femoral artery, and the phantom was then CT
scanned with and without hip prostheses. Multimodal images were acquired
using different kilovoltage peak (kVp) settings and reconstructed with different
algorithms, such as filtered back projection (FBP), iterative reconstruction
(iDose*), iterative model-based reconstruction (IMR) and orthopaedic metal
artefact reduction (O-MAR). Image quality was assessed based on image noise,
signal-to-noise ratio (SNR) and Hounsfield unit (HU) deviation. Results: The
IMR approach significantly improved image quality compared to iDose* and
FBP. For the vascular region, O-MAR improves SNR by 5+1, 23 £5 and
4249 for FBP, iDose* and IMR respectively, and improves HU precision
towards the baseline values by 49% and 83% for FBP and IMR, respectively.
The noise reduction was 71% and 89% for FBP and IMR, and 57% for iDose®.
O-MAR greatly enhances SNR corrections among the most severe artefacts,
with 29+ 1 and 4344 for FBP and IMR, compared to iDose* by 37 +7.
Conclusion: IMR combined with O-MAR could improve the CT angiography
of the lower extremities of patients with a hip prosthesis.

and beyond.! At the same time, the number of primary
total hip arthroplasty (THA) procedures performed

Lower extremity peripheral artery disease (PAD), a
chronic arterial occlusive disease of the lower limbs
caused by atherosclerosis, one of the key pathogenic
factors in cardiovascular disease, is caused by this
occlusion. In conjunction with this, it also contributes to
cardiovascular deaths and morbidity and poses a serious
healthcare issue. 12% to 20% of Americans aged 60 and
older suffer from lower extremity peripheral arterial
disease (PAD), which rises to over 50% in those aged 85

annually in the United States is predicted to increase
from 511,000 by 2020 to 572,000 by 2030.> Up to 42% of
the population with osteoarthrosis may experience
bilateral hip disease,” and it is predicted that 25% of
individuals with osteoarthritis also require bilateral hip
replacement.* Thus, older people are more susceptible to
the occurrence of PAD, and at the same time, the patient
needs to replace one hip joint or both hips due to
degenerative hip osteoarthritis.
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Metal Artefacts Reduction

Computed tomography angiography (CTA) has shown
a diagnostic performance comparable to digital
subtraction angiography (DSA) due to its speed and
accuracy in evaluating peripheral artery disease.’
However, there is a challenge during the CTA of the
lower extremity, which is the metal artefact induced by
hip prostheses. This would significantly affect the image
quality of vascular CT imaging, particularly in lower
extremity diagnoses of the internal and external iliac
arteries. The resulting poor image quality is due to
photon starvation, scattering and beam hardening.*’
Therefore, various techniques have been used to reduce
metal artefacts in CT images and to improve the image
quality, including metal artefact reduction (MAR). The
metal artefact reduction technique focuses on fixing or
minimising artefacts in projection or image data.® Philips
has developed an O-MAR algorithm to minimise metal
artefacts in CT scans of large metal implants.” It uses a
combination of projection adjustments to increase
contrast-to-noise ratios (CNR) and correct the deviations
in CT numbers to improve image quality.'" Its capacity
to overcome artefacts, however, is predicated on
reconstruction methods that have been combined, such as
filtered back projection (FBP), iterative reconstruction
(IR), iDose* or model-based iterative reconstruction
(MBIR) algorithms.11 Nevertheless, O-MAR has not been
evaluated before with combinations of the mentioned
reconstructed algorithms to reduce the apparent artefacts
resulting from a single or bilateral hip replacement in a
patient undergoing lower extremity CT angiography
(CTA). Therefore, this study aims to investigate the
efficacy of O-MAR integration with FBP, IR, iDose* and
IMR algorithms in enhancing image quality and
minimising metal artefacts due to hip prostheses
replacement for patients undergoing lower extremity CT
angiography imaging.

O. N. Abdalgader et al.

Materials and Methods

Fabrication of pelvic phantom

A custom-designed phantom was fabricated to simulate
the adult human pelvis, measuring 32 %38 x25cm. It
comprises four main components: pelvis bones, fat,
muscle tissue and vascular structures, as visually depicted
in Figure 1A. Fabrication of these components involved
utilising diverse chemical materials characterised by
distinct densities and specified concentrations. A plastic
with calcium sulphate (CaSO,), bee wax mixed with
water, agarose with water and Iohexol contrast medium
with water were made instead of bone, fat, muscle tissue
and vascular structure, respectively, as outlined in
Table 1. Before fabrication, each component in the
phantom was tested to achieve a suitable concentration
with the closest Hounsfield units of targeted tissues.
Therefore, each material mentioned above was prepared
separately with different concentrations and filled in a
100-mL container made of a low-attenuating material
made of polyethylene. The samples were then tested using
CT scanning (Philips Brilliance 128-slice scanner) based
on the measurement of CT numbers quantified in
Hounsfield units (HU). The HU value was measured by
drawing a region of interest (ROI) of a 40-pixel circular
shape on a CT image of each material. The HU values
obtained for each material accurately mirrored the density
characteristics of human pelvis structures. The HU ranges
used as references were 250 to 1000 HU for bone,'* —29
to 150 HU for muscle tissue,"”” —200 to 10 HU for fat'*
and 200 to 600 HU for vascular structure.'> The average
HU values obtained in this study were as follows: bone
(900 HU), muscle (26 HU), fat (=90 HU) and vascular
structures (400 HU). After obtaining the suitable HU for
materials based on the concentration in Table 1, three

Figure 1. (A) Fabricated pelvis phantom without a hip prosthesis. (B) Scout CT image after insertion of two types of hip prostheses: a 40-mm
head metal on cemented cup total hip prosthesis and the standard neck with a titanium-aluminium-vanadium (Ti-6Al-4V) stem inserted in the left

femur. A 46-mm Austin Moore hip prosthesis was used for the right femur.

2 © 2024 The Authors. Journal of Medlical Radiation Sciences published by John Wiley & Sons Australia, Ltd on behalf of
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Table 1. The materials used to fabricate pelvis phantoms include
bone, muscle tissue, fat and vessels.

Tissue Components

Bone 26% calcium sulphate (CaSOy4) and 74%
distilled water

Fat 89% bee wax and 11% distilled water

Muscle 3% agarose powder; 97% distilled water and

2 mL lohexol contrast medium
Vascular structures 3% lohexol and 97% distilled water

samples of each material were prepared, and then they
were tested again using a CT scan to check the validity
and reliability of the measurements obtained. After
obtaining the requested HU value, two phantoms were
fabricated, one without hip prostheses as a reference and
the other with hip prostheses. The averaged HU values
measured in the fabricated reference pelvic phantom are
shown in Table S1. A low-attenuation polyethylene tube
was used to simulate the femoral artery with a diameter
of 0.52 cm, which is the femoral artery’s average diameter
measured below the femoral head’s inferior border.'®
These materials were judiciously chosen to emulate the
anatomical features of the adult human pelvis while
ensuring compatibility with computed tomography (CT)
imaging.

Two types of hip prostheses were used in this study,
commonly employed for treating femoral neck fractures
in both elderly and younger patients,”'” as delineated in
Figure 1B. The first variant consisted of a 40 mm head
metal-on-cemented-cup total hip prosthesis, featuring a
standard neck design (Biomet Ltd., UK) and implanted
with a titanium-aluminium-vanadium (Ti-6Al-4V) stem
within the left femur. In contrast, the second variant
incorporated a 46mm head metal-on-metal Austen
Moore Prosthesis composed of stainless steel alongside a
standard stem, which was utilised for the right femur.

Study design, image acquisitions and
reconstructions

CT scans were performed with and without inserting the
hip prosthesis into the fabricated phantom using a
Philips Brilliance CT 128-slice scanner. Since the X-ray
tube voltage significantly impacts the CT image quality
and radiation dose of a patient, particularly in
high-attenuation material, all images were obtained using
FBP reconstruction with different kVp settings of 80, 100,
120 and 140 kVp. At the same time, milliampere seconds
(mAs) were fixed to 250 mAs based on the clinical setting
for imaging the average adult patients. Hence, eight
separate FBP reconstructions were made from CT scans

Metal Artefacts Reduction

with and without the prosthesis using various kVp
settings. The CT images were reconstructed separately
using iDose4 and iterative model base reconstruction
(IMR) without O-MAR. For optimal contrast and
reasonable evaluation, iDose* level 4 and IMR Level 2
were applied, as they are the middle levels of noise
reduction. The O-MAR algorithm was then applied to
each  reconstruction  algorithm  individually  for
comparison purposes with those obtained without O-
MAR. The CT images without prostheses were used as
reference images to determine the derived values. All
images were scanned using 64X 0.625mm collimation
parameters, 1.5mm slice thickness with 1.0 mm
increment, 460 mm field of view, 0.524 pitch and 0.5s
rotation time. A strong or sharp filter was selected to
improve contrast and reinforce the edges between hard
and soft objects. As a consequence, the sharp filter D has
been used for FBP and iDose4, while the filter Sharp Plus
was used for IMR.

Data analysis

Various regions of interest (ROIs) were carefully
examined to assess the image quality and extent of metal
artefacts and to evaluate the effectiveness of metal artefact
reduction in targeted regions. The ROIs denoted as (R1-
R5) were manually delineated, as depicted in Figure 2,
based on single axial slices obtained for each energy
kilovolt peak (kVp) scan. These ROIs corresponded to
specific anatomical structures: the right and left common
femoral arteries, the right gluteus medius muscle, adipose
tissue and the urinary bladder, respectively, spanning
from R1 to R5. The diameter of regions R1 and R2 was
30 pixels to cover the vascular area, while regions R3 and
R5 possessed a diameter of 360 pixels. This deliberate

Figure 2. The axial CT slice of the fabricated pelvis phantom shows
various RIOs (R1-R5) without hip prostheses.
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selection minimised partial volume effects across all
regions and ensured that it was positioned at the central
portion of the artefact. MATLAB Toolbox Release 2014b
software was employed as the computational tool for CT
image quantitative analysis. Averaged Hounsfield Unit
(HU) values, noise levels and signal-to-noise ratios
(SNRs) were used as assessment parameters to analyse
image improvement in ROIs. ROIs within each slice were
considered, with their mean HU values serving as
representative  attenuation indicators. The standard
deviation within each ROI was employed to quantify the
noise level. SNRs were calculated by dividing the average
HU values by the respective noise levels. Consequently,
the correction of metal artefacts through the utilisation of
metal artefact reduction in the vascular regions and other
selected surrounding regions was evaluated by applying
the following equations'®:

Deviationy;mhout 0-Mar = Reference value—value without O
-MAR|
Deviationyih, o-mar = Reference value—value with O
— MAR
Correction by O—MAR(%) = (1—(Deviationyith o-mar
/Deviationyithout 0-MAR))

x 100

The statistical analysis was carried out using the
Minitab® statistical ~software. Descriptive statistical
methods, such as percentages, means and charts, were
applied to compare the performance of different

algorithms under various conditions and assumptions. It
utilised a t-test comparing two independent population

O. N. Abdalgader et al.

means with unknown and possibly unequal population
standard deviations. A value of P < 0.05 was used as a
significance standard.

Results

Without insertion of hip prosthesis

For CT image analysis without using hip prostheses, IMR
showed lower deviation in HU values, better SNRs
(P<0.05) and lower noise values (P<0.001) in
comparison with FBP and iDose* for regions RI1-R5, as
shown in Table S1.

With the insertion of the prosthesis

The hip phantom prosthesis affected four regions of
interest (R1, R2, R3 and R5) at different levels. Region R5
was most severely affected, and R4 was identified as the
unaffected area. In contrast, a mild artefact effect was
seen in regions R2 and R3. Region R1 was affected by a
white streak artefact because it was located close to a
high-density head prosthesis. As a result, regions R1 and
R5 were the primary areas with high metallic artefacts.
The CT images with and without using O-MAR
reconstruction techniques are shown in Figure 3.

CT image evaluation

In the CT images evaluated after the insertion of hip
prostheses and without using O-MAR, the SNRs
decreased and noise values increased compared to

Figure 3. 140-kVp images were reconstructed using different algorithms with and without O-MAR. (A) the reconstructed images obtained with
FBP without O-MAR, (B) the reconstructed images obtained with iDose4 without O-MAR, (C) the reconstructed images obtained with IMR
without O-MAR, (D) using FBP with O-MAR, (E) using iDose4 with O-MAR and (F) using IMR with O-MAR.

4 © 2024 The Authors. Journal of Medlical Radiation Sciences published by John Wiley & Sons Australia, Ltd on behalf of
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Figure4. CT numbers (HU), noise values and SNRs for regions (R1-R5) with and without O-MAR at 120 kVp reconstructed with FBP after
prosthesis insertion. The reference values are shown in red in the absence of the prosthesis.

reference values due to metal artefacts for all regions
(Fig. 4). HU values decreased for regions R3 and R5 but
increased for regions Rl and R2 (vascular regions)
because they were affected by white streak artefacts. In
contrast, the usage of O-MAR reduces HU value
variations in regions R1, R2, R3 and R5 from baseline
values, and it was most noted in regions R1 and R5. The
HU values of region R4 were equivalent despite the
application of O-MAR because it was unaffected by metal
artefacts since it was beyond the prosthesis’s scan area.
The SNR of region R5 was lower, obliterating the
boundary between region R5 and the adjacent tissue as it
is located between the two prosthesis heads and affected
by a black streak artefact. On the other hand, the SNR of
region R1 was less than the reference value without
insertion of the prosthesis, eliminating the boundaries
across region RI, since it was affected by a white streak
artefact due to high-density prosthesis.

O-MAR performed better in correcting these deviations
when it was paired with IMR with total SNR corrections
in region R1 by 5+ 1, 2345 and 42 +9 for FBP, iDose®
and IMR, respectively (p <0.05) (Table S2, Fig. 5).
O-MAR greatly enhanced SNR corrections among the
most severe artefacts in region R5, with 29+ 1 and
4344 for FBP and IMR (p < 0.05), compared to iDose*
by 3747 without any significant changes (p < 0.05)
(Table S3, Fig. 6). Although O-MAR could not return
SNRs to the reference values of unaffected regions R4, a
great visual improvement was observed when paired with
IMR, as shown in Figure 4. On the other hand, for region
R1, O-MAR efficiency showed little variation when paired
with IMR and for the 80 and 140-kVp results regarding
SNRs (Table S2). O-MAR paired with IMR yielded HU
corrections of 90%, 68%, 81% and 93% for the lowest
and highest photon energy settings, respectively. The
noise was corrected with 89%, 88%, 90% and 89% for

the same energy level. For findings at 80, 100, 120 and
140 kVp, respectively, SNR adjustments were 55%, 42%,
38% and 34%, respectively.

Regarding addressing severe artefacts in region RS,
O-MAR was most successful when paired with 140-kVp
performance and IMR. For region R5, OMAR paired with
IMR revealed HU corrections of 90%, 90%, 93% and
93% for 80, 100, 120 and 140 kVp settings. Noise values
were adjusted with 92%, 91%, 92% and 92% for 80, 100,
120 and 140kV settings, respectively. SNR corrections
were 37%, 38%, 46% and 52% for 80, 100, 120 and 140
kVp results, respectively (Table S3).

Discussion

In this phantom research, we investigated the utility of
several reconstruction techniques to assess their ability to
eliminate metallic artefacts due to two types of hip
prostheses and their effect on lower extremity CT
angiography examinations. Several approaches for
decreasing metal artefacts have been presented, including
O-MAR and model-based iterative reconstruction (MBIR)
termed IMR (Philips), which might combine both
techniques. We confirmed that O-MAR with IMR can
effectively lower metal artefacts even if induced due to
bilateral hip prostheses at a range of tube voltages of 80—
100 kVp and enhance vascular visibility.

CTA is a well-known modality in the diagnostic
assessment of cardiovascular disease with accuracy
comparable to that of angiography.'” CTA has many
potential benefits over traditional angiography, such as
being less invasive, widely available and having high
diagnostic accuracy. In contrast, the risk of complications
from traditional angiography is high, particularly in
elderly patients. However, radiation exposure from CTA
is still a major concern for radiology staff.”* Additionally,

© 2024 The Authors. Journal of Medical Radiation Sciences published by John Wiley & Sons Australia, Ltd on behalf of 5
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Figure 5. The CT numbers (HU values), noise values and SNRs in severe metal artefacts in the right vascular region (R1) for different kVp settings
utilising FBP, iDose4 and IMR. The reference values are shown in red in the absence of the prosthesis.

due to its complicated acquisition settings and extensive
scanning duration, it is one of the most significant
sources of radiation dose among all CT approaches.
Moreover, research indicates that the gender of the
patient has a significant difference in responding to the
risk of radiation dose, with females being more prone to

radiation-induced malignancies than males.?! Therefore,
female patients who undergo CTA examinations are
exposed to a higher risk of radiation compared to male
patients. The concern becomes greater if the woman is
scanned with this examination in areas with sensitive
structures, such as the pelvic area during CTA of the

6 © 2024 The Authors. Journal of Medlical Radiation Sciences published by John Wiley & Sons Australia, Ltd on behalf of
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using FBP, iDose4 and IM-R. The reference values are shown in red in the absence of the prosthesis.
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lower extremity, where the uterus is considered a sensitive
organ to radiation. Subsequently, the patients and
technologists are both prone to psychological disorders of
worry, discomfort and depression during CTA
examinations; the patients have mostly phobias of
radiation, which leads to an increased heart rate.”> The
staff also has a phobia of the chance of repeating CT
exams due to poor imaging quality,” including the
artefacts resulting from hip prostheses. Thus, the
radiation technologist should optimise radiation dosage
during CTA examinations, an essential factor in reducing
the radiation dose to patients. One of the methods used
to reduce radiation dose for patients is the use of
reconstruction algorithms, especially in the presence of
metallic artefacts due to the presence of a hip prosthesis,
to reduce the chances of a rescan of the patient and
improve image quality.**

It was obvious that there was a variation in the
capabilities of each reconstruction algorithm to improve
the image quality based on the values obtained from the
analysed CT image of the phantom, particularly without
using a hip prosthesis. The IMR algorithm dramatically
reduces noise levels in all-tube voltage settings compared
to conventional FPB and iDose’. Moreover, IMR
enhanced image quality with higher SNRs than FPB and
iDose* (Table S1). It can also handle the higher noise
levels typically associated with traditional and iterative
reconstruction  methods.  These  techniques have
commonly used the combination of system models of
both data and image statistics to improve the algorithm’s
performance.25 However, IMR had lower HU values
relative to FBP and iDose*. This could be attributed to
variations in kernel kind; the sharp kernel uses edge
enhancement to enhance the interface between structures,
which leads to the effect of the computed tomography
numbers (HU) of small structures.”®

After the insertion of hip prostheses, metal artefacts
exhibit deviations in the mean values of noise, HU and
SNRs in most regions. This effect was clear in the middle
area between the two prostheses (R5) and the right
vascular region (R1). R5 was the most profoundly
affected region since it was placed between the prosthetic
heads. The right vascular region was affected distinctly
due to its placement close to a high-density stainless-steel
head prosthesis compared to the left vascular region near
the hip implant made of titanium vanadium. Titanium
material produces fewer streak artefacts in CT images due
to its lower mass attenuation coefficient properties.”’
Despite this, it is undeniable that this type of prosthesis
makes diagnosis difficult for certain diseases.”®> On the
other hand, the prosthesis on the right side presents a
high metallic artefact on the CT image, which hides the
tube filled with contrast media. This type of prosthesis is
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still used in some countries because of its distinctive
characteristics, such as its physical and mechanical
properties.”® This shows without a doubt that the type of
hip prosthesis has a significant effect on the CT image;
stainless steels produce a high metallic artefact compared
to titanium; hence, the selection of a proper
reconstruction algorithm is crucial in removing the
metallic artefact induced.

Integration of O-MAR and IMR for CT images,
particularly in the vascular region (R1l), with high
metallic artefacts resulted in a significant correction in
deviated SNRs. However, there was no significant
difference in noise or HU value (Fig. 5). Still, this
combination of O-MAR and IMR showed the best image
quality compared to other combinations. This could be
explained by the fact that the IMR algorithm can better
correct the missing information, which continuously
delivers consistent and predictable attenuation profiles in
the final image. Therefore, this vascular region was
successfully treated with this type of technique. Kuya
et al. revealed that IMR significantly reduced the size of
the artefacts surrounding the implant compared to FBP.*
Another study revealed that using MBIR, a type of IMR
technique, reduced streak artefacts and improved overall
image quality.’’ O-MAR had a good impact on
intermediate artefacts concerning HU values, with slight
HU differences in most cases for the left vascular region
(R2) and the region close to the femur head (R3). HU
values, noise values and SNRs of regions outside the
metallic artefact, such as in our case R4, verified that
O-MAR would not change the values in those regions.”
Boomsma et al. noted that the absence of metal artefacts
in the unaffected area allows for a more accurate
diagnosis ability to assess bone mineral density in CT of
the acetabular region, which may be employed in total
hip surgical repair.”> O-MAR reduced HU differences in
severe metal artefacts, influencing the region at all
reconstruction algorithms and tube voltages. In addition,
O-MAR minimised noise and increased SNRs in other
impacted regions. The effectiveness of O-MAR varied
depending on the IR technique, but when paired with
IMR, it considerably increased in effectiveness. This is
consistent with a previous study by Wellenberg et al.,
which concluded that using O-MAR with MBIR can
reduce artefacts resulting from hip prostheses.''

The O-MAR algorithm identifies and corrects data
distorted by streak artefacts using uncorrupted projection
data.'® IMR may be used to remove image noise,
producing an image free of artefacts and noise.”
Therefore, the combination of these two reconstructions
reduced the number of metal artefacts. In contrast, FBP
itself couldn’t effectively manage the noise due to metal
artefacts, especially in severe artefacts, where the total
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noise values recorded were high using FBP and only
moderately decreased, even with O-MAR.>® The
integration of O-MAR and IMR resulted in a significant
noise reduction. Even using a low tube voltage of 80 keV
showed a good contribution to better noise reduction than
iDose* and FBP in vascular regions (Fig. 5). This is
attributed to the fact that O-MAR has shown usefulness
even at lower tube voltages due to specific metal
separation and tissue segmentation at low tube voltages.”*
This is consistent with a study by Boomsma et al., who
reported that O-MAR can improve the contrast-to-noise
ratio (CNRs) even with lower tube voltage.'® It has also
been shown that IMR can reduce noise and improve image
quality in low tube acquisition while minimising radiation
dose.”® Nevertheless, the excessive reduction in noise in
low-dose acquisitions may result in image blurring,
resolution degradation and over-smoothing of the image.*®
It was also found that using the combination of IMR
and O-MAR with 120 and 140 kVp was successful in metal
artefact reduction with lower noise and better SNR in the
case of severe metal artefacts. Using a higher tube voltage
of 140 kVp that penetrates metal with higher-energy x-ray
beams reduces both the beam-hardening effect and the
statistical noise.”” It supports O-MAR in reducing metal
artefacts and noise correction.”® A previous study stated
that integrating IMR and O-MAR with 140 kVp
significantly increased the overall image quality and was
the most efficient in reducing metal artefacts.”> However, a
tube voltage of 140 kVp will increase the radiation dose to
30.8 mGy.”® The vascular region’s relative SNRs improved
with O-MAR by 55% and 34% when paired with the IMR
algorithm at tube voltages of 80 and 140 keV, respectively
(Table S2). Reducing the kVp setting can improve the
enhancement of the vessels in CT angiography. Based on
the values obtained in our study, it is recommended that
employing an 80-100 kVp rather than a 120-140 kVp is an
important means for greater contrast and compromise
between improving image quality in the vascular region
and, at the same time, being able to remove metallic
artefacts. Our results are consistent with a recent study in
2023, which concluded that the 70-80keV range had
higher diagnostic interpretation scores in peripheral
arterial disease evaluation that included metal artefacts.”
Moreover, using a low tube voltage causes an increase
in the intrinsic attenuation as it is close to the K-edge
energy of 33.2 kilo electron volts (keV) due to the high
atomic number of iodine contributing to the increase in
the overall signal.** Another study by Zhao et al. reached
the same results, and this is attributed to the fact that the
vessel with contrast media undergoes a photoelectric effect
to appear clearly in CT images.*’ An analysis by Fan
Zhang et al. revealed that using an 80 kVp setting and
IMR could improve the quality of images by reducing

Metal Artefacts Reduction

noise and artefacts.”” This finding is probably due to
IMR’s ability to boost low- and high-contrast detectability
by reducing image noise and artefacts, and using a
low-kVp setting could help boost vascular structure
enhancement. In addition, as mentioned earlier, O-MAR
delivers more consistent attenuation, potentially increasing
the overall efficiency of IMR.”> Woo et al. reported that
O-MAR enhances the image quality, vascular conspicuity
and noise of lower limb CT venography in patients with
metallic hip or knee prostheses.*?

The findings of this study suggest a practical strategy for
improving the quality of CT imaging due to hip prostheses
during a lower extremity CTA examination based on a
phantom study. To the authors’ knowledge, this is the first
study that has simulated vascular imaging of the lower
extremity with two existing hip prostheses. However, some
limitations exist in this investigation. First, the study used
a single system (128-row Philips CT scanner) with a fixed
tube current; hence, the results may not be directly
comparable to those of other manufacturers. Future
research should incorporate the scanner and tube current
effect reliance into their outcomes. Second, subjective
image analysis of patients with vascular disease is needed
to evaluate the diagnostic value. Finally, the limitation of
the study revolves around not examining the impact of
reconstruction algorithms on the precision of blood vessel
reproduction and the diagnostic implications of artefacts.
This oversight is significant as it pertains to the accuracy
of diagnoses in patients with bilateral hip prostheses
undergoing lower extremity CT angiography. Addressing
this limitation involves acknowledging the potential
influence of reconstruction techniques on diagnostic
outcomes, suggesting a direction for future research to
explore these effects further.

In conclusion, to improve the quality of CT imaging of
a total hip prosthesis during CTA of the lower extremity
examination, the integration of IMR and O-MAR is an
efficient method, even with high-density hip prostheses. It
would also provide a valuable tool for diagnosing vascular
diseases in patients with total hip replacement. It is
indicated that using an 80-100 kVp is an essential
technique for increasing contrast and achieving a balance
between boosting CT image quality in the vascular region
and reducing metallic artefacts.
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