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Chest injuries account for 25% of trauma-related deaths, with survivors often facing long-term consequences. Recent empha-
sis on early detection and management of chest injuries highlights the need for effective diagnostic tools. The Smart Metal 
Artifact Reduction (MAR) algorithm is designed to reduce artifacts caused by metallic materials in CT images, such as 
prostheses and screws, enhancing visualization of bone structures near implants. This improvement aids in the assessment of 
rib fractures and other pathologies, crucial for patients with thoracic injuries who require swift and accurate diagnoses. This 
study aimed to evaluate the impact of the MAR algorithm on the image quality, particularly of rib cage bones in chest CT 
scans in polytrauma patients with thoracic metallic devices such as medical monitoring equipment. The study found that while 
the MAR algorithm generally enhances diagnostic accuracy and aids in treatment planning, it can also introduce increased 
noise and artifacts, potentially leading to false positives. Therefore, radiologists are advised to compare CT images with and 
without MAR to ensure an accurate diagnosis. This approach ensures a more reliable interpretation of thoracic injuries in 
patients with metallic implants.
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IntroductIon
Polytrauma patients, often victims of severe acci-
dents, present with multiple, complex, and life-thre-
atening injuries that necessitate a multidisciplinary 
approach involving specialties such as emergency 
medicine, surgery, orthopedics, radiology, neurolo-
gy, and intensive care [1]. These patients may expe-
rience systemic complications like shock and multi-
ple organ dysfunction syndrome [2]. Chest injuries, 
which are common in polytrauma, range from rib 
fractures and pneumothorax to hemothorax, pulmo-
nary contusion, flail chest, cardiac contusion, and 
aortic injury [3]. If not promptly addressed, chest 
injuries can lead to severe pain, respiratory distress, 
impaired gas exchange, arrhythmias, and potential-
ly fatal outcomes [3]. Rib fractures are particular-
ly prevalent and impactful, leading to severe pain, 
impaired ventilation, and complications such as 
pneumonia or atelectasis due to reduced respiratory 
effort [4]. Management of rib fractures in polytrau-
ma patients follows the ABCDE (Airway, Breathing, 
Circulation, Disability, Exposure) protocol, along 
with imaging techniques like chest X-rays and com-
puted tomography (CT) scans essential for accurate 
diagnosis. While radiography is a primary technique, 
it fails to detect up to 50% of rib fractures, making 
CT advantageous for diagnosing bone fractures and 
associated injuries such as pulmonary lacerations 
[5]. This is especially crucial for elderly patients, 
who often have metallic objects in or on their chest, 
such as pacemakers, prostheses, screws, and plates, 
but also non-removable external metal objects or 
material useful for monitoring the vital parameters. 
In CT imaging, metal artifacts from implants like 

dental fillings, orthopedic hardware, and surgical 
clips pose significant challenges by degrading image 
quality and impeding accurate diagnosis. The high 
density of metals causes beam hardening, photon 
starvation, and scattering effects, manifesting as 
streaks and dark bands that compromise diagnostic 
utility. These metal artifacts significantly degrade the 
image quality, complicating diagnostic interpretation 
and therapeutic planning [6]. The physical cause of 
these artifacts arises primarily from the high atte-
nuation coefficient of metals, leading to beam har-
dening, scatter, photon starvation, and nonlinear 
partial volume effects [7,8]. To mitigate the impact 
of metal artifacts, several reduction techniques have 
been developed over the years. These approaches 
generally fall into three categories: hardware-based, 
projection-based, and image-based techniques. Har-
dware modifications, such as using dual-energy CT, 
attempt to minimize beam hardening by capturing 
images at different energy levels [9]. Projection-ba-
sed methods, including sinogram interpolation, aim 
to correct raw data before image reconstruction 
[10]. Image-based post-processing algorithms, such 
as iterative reconstruction methods and machine 
learning techniques, directly reduce artifacts in the 
reconstructed images [11,12]. In recent years, ma-
chine learning and deep learning approaches have 
shown great promise in further improving metal 
artifact reduction. These techniques leverage large 
datasets to learn the complex patterns of artifacts, 
leading to more accurate correction and better ima-
ge quality [13]. Despite the advancements, there re-
main significant challenges in ensuring robust, gene-
ralizable solutions across various patient anatomies 
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and different types of metal implants. While these 
technological advancements hold great potential for 
addressing this issue, their adoption is still uneven 
within the Italian healthcare system. Currently, such 
advanced techniques are primarily available in large 
hospitals or private clinics, leaving many smaller he-
althcare facilities without access to these innovations. 
Various metal artifact reduction (MAR) algorithms 
have been developed by the CT scan manufacturers. 
The development of specific MAR tools has signifi-
cantly advanced the ability to handle artifacts cau-
sed by metallic implants in CT imaging. MAR tools 
are designed to identify and reduce the impact of 
streaks and distortions by improving the accuracy 
of image reconstruction. These tools often integrate 
with conventional CT workflows and operate using 
either projection-based or image-based techniques. 
One widely used MAR algorithm is the normalized 
metal artifact reduction, which compensates for me-
tal-induced inconsistencies by segmenting the metal 
regions and applying interpolation in the projection 
domain [9]. This process helps to correct the data 
before it undergoes image reconstruction, resulting 
in clearer images with fewer distortions.
In clinical practice, commercial MAR tools have been 
embedded in CT scanners from leading manufactu-
rers, providing real-time metal artifact correction 
during the scanning process. Techniques such as 
iterative reconstruction combined with MAR have 
been shown to significantly improve image quality 
by reducing noise and streak artifacts without com-
promising diagnostic accuracy [14]. The integration 
of machine learning models into MAR tools further 
enhances their ability to recognize complex artifact 
patterns and perform more sophisticated corrections 
[11]. While these tools represent a major impro-
vement, ongoing challenges such as the variability 
in artifact severity across different types of metals 
and patient anatomies continue to be areas of active 
research [15].
Our study investigates the potential of the GE Hea-
thCare Metal Artifact Reduction (MAR) algorithm, 
which stands out for its efficacy and clinical applica-
tion. The GE MAR algorithm uses advanced image 
reconstruction techniques to identify and correct 
metal-induced artifacts, enhancing image clarity and 
improving the visibility of surrounding tissues and 
structures. This process involves metal detection, si-
nogram inpainting, and iterative reconstruction, each 
meticulously designed to reduce metal influence on 
CT images. By effectively reducing metal artifacts, 
the algorithm allows better visualization of critical 
areas, such as bone structures, soft tissues, and adja-
cent organs. The aim of this preliminary study is to 
elucidate the algorithm's capabilities and limitations 
for evaluating rib cage bones in polytrauma patients, 
offering insights into its role in advancing medical 
imaging and patient care. By comparing CT ima-
ges with and without MAR, this study investigates 
the algorithm's efficacy and identifies potential risks, 

contributing to improved diagnostic accuracy and 
treatment planning for patients with thoracic inju-
ries and metallic implants or objects on the chest, 
ensuring better clinical outcomes.

MAterIAls And Methods
Sixteen patients (7 males and 9 females, with an 
average age of 73.1 years and an age range from 52 
to 93 years) were admitted to the emergency de-
partment of San Paolo Hospital in Naples, ASL Na-
poli 1 Centro, and underwent chest CT scans from 
April 2024 to May 2024. Informed written con-
sent was obtained from all patients. Patients were 
transported on spinal boards and immobilized. Due 
to their critical health conditions, continuous moni-
toring of vital parameters, including ECG tracing, 
blood oxygenation levels, and oxygen administration 
via mask, was performed. The patients had various 
metallic devices both on and inside their chests, such 
as pacemakers, extracorporeal monitoring devices, 
intubation equipment, and sternal cerclages. 
CT scans were performed using a GE Revolution 
EVO CT scanner (64 slices) (GE Healthcare, Chica-
go, Illinois, USA) with automatic tube current mo-
dulation (min 130 mA – max 350 mA) and 120 
kV, a rotation time of 0.5 sec. (helical scan mode), a 
noise index of 21.1, and pitch of 0.984:1. All scans 
were conducted on critically ill, uncooperative, or 
minimally cooperative patients in the supine posi-
tion, and only non-contrast chest CT scans were 
included. 
Images were retrospectively reconstructed on a wor-
kstation using REVO_EVO1.1 software, employing 
the MAR algorithm on axial images with a slice 
thickness of 1.5 mm and a bone kernel (Window: 
L=600, W=1900). 

Statistical Analysis
In this study, all imaging datasets were reviewed by 
two independent radiologists, each with over ten 
years of experience in reporting CT examinations 
in polytrauma patients. They evaluated both recon-
structed and unreconstructed images. The radiolo-
gists independently assessed the diagnostic quality 
of the images obtained with and without the appli-
cation of the MAR algorithm. The evaluation was 
conducted using a 5-point Likert scale, ensuring a 
standardized and reproducible assessment of ima-
ge quality. This approach allowed for an objective 
comparison of the effectiveness of MAR in reducing 
artifacts and preserving diagnostic accuracy.  
Likert scale values ranged from 0 to 4 with the fol-
lowing definitions:
0. excellent anatomic delineation with sharp de-

piction of the bone structure and boundaries;
1. good anatomic delineation with minimal distor-

tion of the bone structure and boundaries;
2. acceptable anatomic delineation with slightly 

compromised visualization of the bone structu-
re and boundaries; 
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3. markedly reduced anatomic delineation that 

impairs diagnostic interpretability; 
4. severely reduced anatomic delineation that pre-

vents diagnostic interpretation.
A paired t-test was performed to compare the dia-
gnostic quality before and after the application of 
the MAR algorithm.

results
The statistical analysis of the dataset revealed that 
the mean diagnostic quality before the application 
of the MAR algorithm (Pre-MAR) was 1.93, whe-
reas after its application (Post-MAR), it significantly 
improved to 0.31. The standard deviation for the 
Pre-MAR dataset was 1.34, indicating a high varia-
bility before the application of MAR. In contrast, 
the standard deviation for the Post-MAR dataset was 
substantially lower at 0.87, reflecting a more consi-
stent reduction in values and higher diagnostic qua-
lity across the samples. Furthermore, the mean dif-
ference in diagnostic quality count before and after 
MAR was 1.62, highlighting the effectiveness of the 
MAR algorithm in reducing metal-induced artifacts 
in CT images. 
Following the application of the MAR algorithm, 

diagnostic quality significantly improved from a sta-
tistical perspective, with a p-value of 0.0026 from 
paired t-test analysis of the imaging datasets with 
and without the MAR algorithm.
Specifically, in 11 patients who had metal compo-
nents on their chest from monitoring and restrai-
ning devices, the application of the MAR algorithm 
significantly reduced beam hardening artifacts. This 
reduction in artifacts led to a decrease in false po-
sitives, which could otherwise result in diagnostic 
errors and inappropriate patient management (Fi-
gure 1).
Conversely, in 1 patient, the application of the MAR 
algorithm introduced dark banding artifacts. These 
erroneously simulated the presence of thoracic rib 
fractures, leading to potential misdiagnoses (Figure 
2).
The most significant finding from the evaluations by 
the two radiologists was the mixed outcome obser-
ved in 4 patients. Specifically, there was an impro-
vement in image quality, with a reduction in beam 
hardening artifacts, particularly in areas with large 
metallic objects. However, concurrently, deteriora-
ting elements were identified that could lead to mi-
sdiagnosis (Figure 3).

Figure 1. Thoracic CT scan. Left: unreconstructed image. There are many artifacts on the rib cage caused by a metallic device. 
Right: reconstructed MAR image. The application of the MAR algorithm showed a reduction in    metal artifacts caused by the 
metallic device.

Figure 2. Thoracic CT scan. Left: unreconstructed image. There are no artifacts despite the presence of an external metal cable 
laterally to the patient's sternum. Right: reconstructed MAR image. There is a primary artifact represented by a hypodense band 
that interrupts the cortical bone.
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Figure 3. Thoracic CT scan. Left: unreconstructed image. Artifacts are present on the sternum, but none on the ribs. Right: re-
constructed MAR image. The artifacts on the sternum disappear, but a new artifact appears on a rib.

dIscussIon
This study investigated the impact of a novel iterati-
ve metal artifact reduction (MAR) algorithm on the 
quality and degree of artifacts in thoracic CT scans 
of critically ill patients with thoracic metallic im-
plants. Thoracic CT scans were compared with their 
counterparts reprocessed using the MAR algorithm. 
The significant reduction in beam-hardening arti-
facts, particularly in patients with metal components 
from monitoring and restraining devices, highlights 
the potential of the MAR algorithm to enhance image 
clarity and improve clinical decision-making. This is 
especially relevant in emergency and intensive care 
settings, where prompt and accurate interpretation 
of imaging is crucial for patient management. The 
reduction of beam-hardening artifacts has direct cli-
nical implications. In patients with complex trauma 
or post-surgical interventions, metallic implants can 
obscure critical anatomical structures, leading to 
diagnostic uncertainties or false positives [16,17]. 
Our results demonstrate that the MAR algorithm 
mitigates these issues by improving the visualization 
of soft tissues and bones, ultimately aiding in more 
precise diagnoses and reducing the likelihood of un-
necessary interventions. This aligns with previous 
studies that have reported similar improvements 
in metal artifact reduction using iterative recon-
struction techniques in various anatomical regions.
 
However, our findings also reveal an important li-
mitation of the MAR algorithm: its tendency to in-
troduce dark banding artifacts that may mimic rib 
fractures in patients without metallic implants for 
monitoring or restraint. These artifacts could mi-
slead radiologists into diagnosing fractures that do 
not actually exist, leading to unwarranted clinical 
decisions, such as unnecessary orthopedic consulta-
tions or additional imaging studies. This unintended 
consequence highlights the need for careful image 

interpretation and the potential role of training ra-
diologists to recognize and distinguish algorithm-in-
duced artifacts from true pathological findings [18]. 
These results suggest that while MAR algorithms 
significantly enhance image quality in certain clini-
cal scenarios, they may not be universally beneficial 
across all patient groups. The introduction of dark 
banding artifacts necessitates further optimization 
of the algorithm to ensure consistent performance 
across different patient profiles. Hybrid approaches 
that combine multiple artifact reduction techniques, 
such as deep learning-based reconstruction methods 
or dual-energy CT imaging or photon counting de-
tectors [16], could provide more robust solutions 
to address the drawbacks observed with the MAR 
algorithm. 

Future studies should focus on refining the algorithm 
to minimize undesirable artifacts while preserving 
its artifact-reducing benefits. Investigating different 
MAR techniques and their impact on various types 
of metallic implants could provide further insights 
into optimizing image processing strategies. Addi-
tionally, evaluating the clinical outcomes associated 
with MAR-processed images—such as changes in 
diagnostic accuracy, patient management decisions, 
and follow-up imaging rates—could help clarify the 
true clinical value of these advanced reconstruction 
methods. 

In conclusion, while the iterative MAR algorithm 
represents a promising advancement in metal ar-
tifact reduction, its application must be carefully 
considered to balance its benefits against potential 
limitations. Radiologists must remain vigilant in 
identifying algorithm-induced artifacts, and ongoing 
research should aim to develop improved recon-
struction methodologies that maximize image quali-
ty without introducing new diagnostic pitfalls.



jo
u

rn
al o

f
ad

van
c

ed h
ealth c

are
o

ffic
ial jo

u
rn

al o
f tsrm pstrp

5Year 2025 - Volume 7 Issue 2JAHC (ISSN 2704-7970)

www.jahc.it

Copyright: © 2024 by the 
authors. Submitted for 
possible open access publi-
cation under the terms and 
conditions of the Creative 
Commons Attribution 
(CC BY) license (https://
creativecommons.org/
licenses/by/4.0/).

R
ESEA

R
C

H
 A

R
TIC

LE
references 

1. Bach, J. A. et al. (2017). The right team at the right time - Multidisciplinary approach to multi-trauma patient 
with orthopedic injuries. International Journal of Critical Illness & Injury Science, 7(1), 32-37.

2. Cole, E. et al. (2020). Multiple organ dysfunction after trauma. British Journal of Surgery, 107(4), 402-412.
3. Mistry, R. N., & Moore, J. E. (2022). Management of blunt thoracic trauma. British Journal of Anaesthesia, 

22(11), 432–439.
4. Rogers, F. B. et al. (2023). Comprehensive Review of Current Pain Management in Rib Fractures With Practi-

cal Guidelines for Clinicians.  Journal of Intensive Care Medicine, 38(4), 327-339.
5. Zhou, Q. et al. (2023). Evaluating AI rib fracture detections using follow-up CT scans. The American Journal 

of Emergency Medicine, 72, 34-38.
6. Kalender, W. A. et al. (1987). Reduction of CT artifacts caused by metallic implants. Radiology, 164(2), 576-

577.
7. Boas, F. E., & Fleischmann, D. (2012). CT artifacts: causes and reduction techniques. Imaging in Medicine, 

4(2), 229-240.
8. Barrett, J. F., & Keat, N. (2004). Artifacts in CT: recognition and avoidance. Radiographics, 24(6), 1679-

1691.
9. Meyer, E. et al. (2010). Normalized metal artifact reduction (NMAR) in computed tomography. Medical 

Physics, 37(10), 5482-5493.
10. Wang, G. et al. (1996). Iterative image reconstruction for metal artifact reduction. IEEE Transactions on Me-

dical Imaging, 15(5), 657-664.
11. Zhang, Y. et al. (2018). Metal artifact reduction in CT using deep learning-based sinogram completion and 

image reconstruction. Physics in Medicine & Biology, 63(12), 125008.
12. Hsieh, J. et al. (2013). Recent advances in CT image reconstruction. Current Radiology Reports, 1(1), 39-51.
13. Gjesteby, L. et al. (2017). Deep learning methods to reduce metal artifacts in CT imaging. Medical Physics, 

44(10), e559-e570.
14. Gjesteby, L. et al. (2019). Commercial solutions for metal artifact reduction in CT: a review. Journal of Clinical 

Imaging Science, 9, 35.
15. Boas, F. E., & Fleischmann, D. (2012). CT artifacts: causes and reduction techniques. Imaging in Medicine, 

4(2), 229-240.
16. Scarfato, E., Stile, S., Maiello, V., & De Feo, G. (2024). The revolution of photon-counting CT towards new 

horizons of diagnostic imaging. Journal of Advanced Health Care, 6(2).
17. Di Basilio , F., Barsacchi, A., Morettini, N., Colognola, M., Marianello, F., Scucchia, E., & Barbato, A. (2025). 

Comparison of Fractionated vs Single bolus iodine contrast agent injection techniques in the CTA study of the 
Complete Aorta with 64-slices CT scanner. Preliminary results on the experience of the Radiographers/Nursing 
team of the Magliano Sabina, ASL Rieti. Journal of Advanced Health Care, 7(1).

18. Baldi, D., Alfano, V., Punzo, B., Tramontano, L., Baselice, S., Spidalieri, G., ... & Cavaliere, C. (2020). A rare 
case of sigmoid colon carcinoma in incarcerated inguinal hernia. Diagnostics, 10(2), 99.

Author Contributions: Conceptualization, F.C. and L.B.; methodology, F.C. and V.A.; formal analysis, F.C., S.L. 
and V.A.; writing—original draft preparation, F.C.; supervision, L.B. and V.A. All authors have read and agreed to 
the published version of the manuscript.  
Data Availability Statement: Data can be shared upon a reasonable request.
Conflicts of Interest: The authors declare no conflict of interest.


