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Purpose To assess the usefulness of various metal artifact reduction (MAR) methods in patients with 
hip prostheses. 
Materials and Methods This retrospective study included 47 consecutive patients who underwent 
hip arthroplasty and dual-energy CT. Conventional polyenergetic image (CI), orthopedic-MAR (O-
MAR), and virtual monoenergetic image (VMI, 50–200 keV) were tested for MAR. Quantitative analysis 
was performed in seven regions around the prostheses. Qualitative assessments included evaluation 
of the degree of artifacts and the presence of secondary artifacts. 
Results The lowest amount of image noise was observed in the O-MAR, followed by the VMI. O-MAR 
also showed the lowest artifact index, followed by high-keV VMI in the range of 120–200 keV (soft tis-
sue) or 200 keV (bone). O-MAR had the highest contrast-to-noise ratio (CNR) in regions with severe hy-
podense artifacts, while VMI had the highest CNR in other regions, including the periprosthetic bone. 
On assessment of the CI of pelvic soft tissues, VMI showed a higher structural similarity than O-MAR. 
Upon qualitative analysis, metal artifacts were significantly reduced in O-MAR, followed by that in VMI, 
while secondary artifacts were the most frequently found in the O-MAR (p < 0.001).
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Conclusion O-MAR is the best technique for severe MAR, but it can generate secondary artifacts. VMI 
at high keV can be advantageous for evaluating periprosthetic bone.

Index terms ‌�Artifacts; Prosthetic Implants; Metals; Multidetector Computed Tomography;  
Dual Energy Scanned Projection Radiography

INTRODUCTION

Metal artifacts can be produced by beam hardening, scatter, noise, photon starvation and 
edge effects (1, 2). These contributors result in corrupted data for the reconstruction of near 
metal tissue, ultimately causing an unreliable representation of the tissue. Thus, artifacts 
caused by metal implants hinder the diagnostic accuracy of CT images in the visualization of 
bone, bone-metal interfaces and soft tissue structures (1). Among the current metal artifact 
reduction (MAR) approaches, iterative reconstruction (IR) algorithms have been used to 
minimize scatter and edge effects (1, 3). However, the use of IR techniques is computational-
ly intensive and possibly reduces spatial resolution. MAR algorithms identify the corrupted 
projection data caused by the presence of metal and subsequently replace this corrupted 
projection data with interpolated data of neighboring detector elements (1, 4, 5). The MAR 
technique appears particularly useful in the presence of large amounts of metal with low ra-
diation doses, but it can generate secondary artifacts, especially in light metal alloy (titani-
um) (1, 6). Virtual monoenergetic images (VMIs) are acquired with two photon spectra at dif-
ferent energy levels using dual-energy CT. VMI acquired at high energies reduce beam-
hardening artifacts by minimizing the influence of low-energy photons (1). However, acquiring 
VMI is not feasible with older generation CT scanners, and the use of VMI alone appears to be 
insufficient in the presence of heavy metals, such as stainless steel and cobalt chromium al-
loys (1, 7, 8). 

To date, few side-by-side comparisons of their diagnostic performance in the reduction of 
metal artifacts have been conducted. Hence, the purpose of this study was assess the effects 
of MAR and VMI and to evaluate the secondary artifacts generated by MAR methods in pa-
tients with hip prostheses.

MATERIAL AND METHODS

PATIENTS
The study was approved by our Institutional Review Board, and written informed consent 

was waived due to the retrospective nature of the study (IRB No. 1812-007-991). Between April 
2017 and July 2018, 47 consecutive patients who underwent hip arthroplasties (bilateral, 11; 
unilateral, 36) were included in this study. There were 28 male and 19 female, and the mean 
age was 63.2 ± 10.7 years old. The reason of CT examination was routine follow-up after hip 
surgery (n = 24) or hip pain (n = 23).
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CT EXAMINATION
All CT scans were performed using a first-generation dual-layer spectral detector CT scan-

ner (IQon Spectral CT; Philips Healthcare, Best, the Netherland). The following scanning pa-
rameters were used: tube voltages of 120 kVp; a slice acquisition of 64 × 0.625 mm collima-
tion; a rotation time of 0.64 seconds; a beam pitch of 0.67; a field of view of 400 × 400 mm; a 
volume CT dose index of 10–11 mGy; and a dose length product of 300–366 mGy*cm. 

IMAGE RECONSTRUCTION
Conventional polyenergetic images (CIs) were reconstructed using an IR algorithm (iDose 

Level 2, Philips Healthcare, Cleveland, OH, USA) at 120 kVp, which is used in clinical practice. 
MAR images were reconstructed from CI with an orthopedic MAR algorithm (O-MAR, Phil-
ips Healthcare). VMI were generated from spectral raw data using a dedicated workstation 
(Intellispace Portal, Philips, Best, the Netherland) at settings ranging from 50 keV to 200 keV in 
increments of 10 keV. Then, the VMI were transferred to the PACS system workstations (IN-
FINITT; Infinitt Healthcare, Seoul, Korea) for the imaging analysis of the monoenergetic CT 
images. All images were reconstructed at a 2 mm slice thickness with 1 mm of overlap and a 
YD filter.

QUANTITATIVE ASSESSMENT
Assessments of three kind of image sets were separately performed by a radiologist with 

5 years of experience in musculoskeletal imaging, and then reviewed by the other musculo-
skeletal radiologist with 10 years of experience. For the quantitative assessment, the follow-
ing regions of interest (ROIs) were drawn as large as possible in CIs in the bone window (width 
2000 Hounsfield unit [HU], center 500 HU) on a representative axial plane at the level of the ar-
tificial femoral head, where the metal artifact was the strongest: a) anterior acetabulum, b) pos-
terior acetabulum, c) anterior psoas muscle, d) medial pelvic wall, e) lateral hip, f) posterior glu-
teus muscle, and g) air outside of the metal artifact (Fig. 1). The medial pelvic wall (d) and 
lateral hip (e) were the areas with the most pronounced hypodense artifacts. If metal prosthe-
ses were present in both hips, the right prosthesis of the patient was evaluated. The ROIs were 
then transferred to the O-MAR images and VMI, while the size and location of the ROIs were 

Fig. 1. Regions of interest are placed 
in seven areas, including the (a) ante-
rior acetabulum, (b) posterior acetab-
ulum, (c) anterior psoas muscle, (d) 
medial pelvic wall, (e) lateral hip, (f) 
posterior gluteus muscle, and (g) air 
outside the metal artifact.
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maintained. In all ROIs, the CT number (HU) and standard deviation (SD) were recorded. To 
correct for less image noise in the high-keV images compared to the low-energy VMI and CI, 
image noise within the air outside of the metal artifact was subtracted from the respective SD, 
yielding the corrected image noise (cINx = SDx – SDair) (9). The artifact index (AI) was intro-
duced to quantify the severity of the metal artifacts (AI = SQRT [SDx2 – SDair2]), where SDx 
represents the SD in the artifacts and SDair represents the SD in the air (10, 11). The contrast-
to-noise ratio (CNR) was calculated as follows: CNR = (mean CT number [ROI x] – mean CT 
number [ROI air])/ SD air) (12). Additionally, the structural similarity (SSIM) was used to quan-
titatively evaluate the performance of metal artifact correction (13, 14). The SSIM index was 
computed using open source software (http://icy.bioimageanalysis.org/download) for the ROIs 
A and B for each patient (Fig. 2). ROI A surrounded the metallic object and was used to evalu-
ate the similarity of the corrected image (O-MAR and VMI) to the original metallic structure 
on uncorrected images (CI). ROI B was positioned between the femoral heads and was used to 
evaluate the similarity hampered by the streak and shadow artifacts. We used the CI as refer-
ence images to compute the SSIM. 

QUALITATIVE ASSESSMENT
Qualitative assessments of three kind of image sets were separately performed by two radi-

ologists with 10 and 5 years of experience in musculoskeletal imaging. The degree of the 
metal artifacts was graded on a four-point rating scale (0 = denoted no metal artifacts, 1 = 
mild metal artifacts without impairment of adjacent structural depiction, 2 = moderate metal 
artifacts with considerable impairment but considered diagnostic, 3 = severe artifacts and 
considered nondiagnostic). Additionally, several secondary artifacts on O-MAR images were 
evaluated, which were previously reported as newly developed artifacts on O-MAR images (6, 
15). The conspicuity of intramedullary bone trabeculae was rated using a 4-point scale (0 = 
recognition with high confidence, 1 = recognition with medium confidence, 2 = faint demar-
cation with low confidence, 3 = nearly absent and questionable). The degrees of artifactual 
cortical thinning or perforation and pseudocemented appearance were also rated using a 
4-point scale (0 = nearly absent, 1 = present with low confidence, 2 = present with medium 
confidence, 3 = present with high confidence). The ratings were performed in the axial plane 
with a typical bone window setting (width, 2000 HU; center, 500 HU). The scores from two ob-

Fig. 2. The SSIM index is computed in ROIs A and B for each patient.
ROI A surrounds the metallic object; it is used to evaluate the simi-
larity of the corrected image (orthopedic-metal artifact reduction 
and virtual monoenergetic image) relative to the original metallic 
structure on uncorrected images (CI). ROI B is positioned between 
the femoral heads and is used to evaluate the similarity hampered 
by the streak and shadow artifacts. The CI is used as reference to 
compute the SSIM.
CI = conventional image, ROI = regions of interest, SSIM = structural 
similarity

http://icy.bioimageanalysis.org/download
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servers were averaged for statistical analysis.

STATISTICAL ANALYSIS
For statistical analyses, SPSS (version 22; IBM Corp., Armonk, NY, USA) and MedCalc Soft-

ware (version 16.2.1; MedCalc Software, Ostend, Belgium) were used. Continuous variables 
were expressed as the means ± SD. A two-tailed p value < 0.05 was considered statistically 
significant. The quantitative and qualitative assessments were also compared among the 
three methods using repeated-measures Friedman rank-sum test and subsequently pairwise 
comparisons were carried out using the Wilcoxon signed-rank test.

RESULTS

QUANTITATIVE ASSESSMENT
Table 1 and Fig. 3 show summaries of the quantitative assessment. There was no signifi-

cant difference of CT number, SD, and AI between patients with unilateral or bilateral pros-
thesis. In terms of CNR, patients with unilateral prosthesis showed higher CNR compared to 
patients with bilateral prosthesis.

Table 1. Mean Values of Quantitative Assessment

Location Methods Mean of HU SD of HU
cIN

(Reduction %)*
AI 

(Reduction %)
CNR

(Increment %)

Aceta_A
CI 147.25 235.86 185.49 233.24 37.58
O-MAR  60.88 130.70  93.23 (49.7) 127.52 (45.3) 44.59 (18.6)
VMI 152.87 153.34 109.34 (41.0) 151.84 (34.9) 59.75 (59.0)

Aceta_P
CI 341.00 200.88 150.50 197.94 43.69
O-MAR 144.63 132.95  95.47 (36.6) 129.77 (34.4) 48.16 (10.2)
VMI 195.18 139.48  95.49 (36.6) 137.84 (30.4) 61.60 (41.0)

Ant
CI 189.23 113.28  62.90 108.30  38.96
O-MAR  97.46  65.01  27.53 (56.2)  59.69 (44.9) 45.94 (17.9)
VMI 162.88  87.27  44.82 (31.2)  86.25 (21.7) 59.31 (52.2)

Med
CI -427.80 110.33  59.96 105.26 19.11
O-MAR -142.38  65.40  27.92 (53.4)  60.14 (42.9) 36.09 (88.8)
VMI -379.14  95.80  51.68 (14.0)  93.25 (11.5) 33.85 (77.1)

Lat
CI -362.11 149.85  99.47 145.52 21.12
O-MAR  -37.44  61.57  24.09 (75.8)  55.60 (61.8) 40.39 (91.2)
VMI -386.75 118.86  76.91 (24.7) 118.70 (19.8) 31.85 (50.8)

Glu_ip
CI  66.43  80.25  29.88  73.44 35.14
O-MAR  62.99  52.87  15.39 (48.5)  46.25 (37.0) 44.46 (26.5)
VMI  62.10  66.79  23.24 (23.7)  63.81 (13.4) 54.62 (55.4)

*Data in the parentheses indicate reduction or increment of each variable in MAR techniques compared to 
CI.
Aceta_A = anterior acetabulum, Aceta_P = posterior acetabulum, AI = artifact index, Ant = anterior psoas 
muscle, CI = conventional image, cIN = corrected image noise, CNR = contrast-to-noise ratio, Glu-ip = poste-
rior gluteus muscle, HU = Hounsfield unit, Lat = lateral hip, Med = medial pelvic wall, O-MAR = orthopedic-
metal artifact reduction, SD = standard deviation, VMI = virtual monoenergetic image
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AVERAGE CT NUMBER 
Attenuation within the medial and lateral regions, where severe hypodense artifacts were 

present, markedly increased in the O-MAR images because hypodense artifacts were erased 
in the O-MAR images. In those two regions, the O-MAR images showed significantly higher 
HU values than did the CI and VMI (p < 0.001), but the VMI showed similar (lateral) or slightly 
higher (medial) HU values than did the CI (Fig. 3). However, in other regions without hy-

Fig. 3. Quantitative assessment using average CT number (A), image noise (B), AI (C) and CNR (D) of all representative regions. 
A. Average CT number shows a marked increase in the O-MAR images when severe hypodense artifacts are present (medial and lateral re-
gions). However, the CT number in other regions is significantly lower in the O-MAR images. High-keV (≥ 80 keV) VMI also shows HU val-
ues similar (anterior acetabulum) or lower than those of the CI. 
B. The lowest cIN is found in the O-MAR images in all regions, followed by that in the VMI. 
C. The AI is the lowest in the O-MAR images, followed by that in the high-keV VMI, in all regions except the posterior acetabulum, wherein 
the O-MAR images and the 200-keV VMI showed comparable AIs. In the VMI, the AI decreases with increasing keV, with the lowest value at 
200 keV in all the regions except the medial pelvic wall, where the lowest AI corresponds to 130 keV. 
D. The VMI shows a tendency toward an increasing CNR with increasing keV. The VMI shows the highest CNR in all regions, except the me-
dial and lateral regions; the O-MAR images show the highest CNR in the medial and lateral regions.
AI = artifact index, CI = conventional image, cIN = corrected image noise, CNR = contrast-to-noise ratio, HU = Hounsfield unit, O-MAR = or-
thopedic-metal artifact reduction, VMI = virtual monoenergetic image
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podense artifacts, the CT number was significantly lower in the O-MAR images compared to 
the CI. In the regions without hypodense artifacts, the VMI showed a decreasing tendency of 
attenuation as increasing keV on VMI. Thus, VMI of 80 keV or greater also showed HU values 
that were similar (anterior acetabulum) or lower than those of the CI. Within the posterior 
gluteus muscle (which was visually not affected by artifacts), the CI exhibited no difference in 
attenuation compared with other MAR images (p > 0.05). 

CIN
The least amount of cIN was found in the O-MAR images in all regions, followed by the 

VMI (Fig. 3). The O-MAR images showed significant noise reduction compared to the VMI, ex-
cept for the 200 keV VMI, which showed comparable image noise in acetabular bone (p > 0.1). 
In all regions, the amount of cIN was significantly lower in the O-MAR images than in the CI 
(p < 0.001), ranging from 36.6% (posterior acetabulum) to 75.8% (lateral hip) noise reduction. 
The VMI of 80 keV or greater also showed significant noise reduction compared to the CI (p < 
0.05), ranging from 13.8% (medial pelvic wall) to 41.1% (anterior acetabulum) noise reduction. 

AI
The AI was found to be the lowest in the O-MAR images (p < 0.001), followed by the high-

keV VMI, in all regions except the posterior acetabulum, where the O-MAR images and 200 
keV VMI showed comparable AIs (p = 0.057) (Fig. 3). In the VMI, the AI decreased with in-
creasing keV and was the lowest at 200 keV in all regions except the medial pelvic wall, where 
the lowest AI was found at 130 keV. However, there was no significant difference in the AI in 
the range of 120–200 keV in soft tissue regions. In acetabular bone, the AI at 200 keV was sig-
nificantly lower than those at other monoenergy levels (p < 0.001). 

CNR
The VMI showed a tendency towards an increasing CNR with increasing keV. Among the 

three image settings, CNR was found to be highest in the VMI in all regions except the medial 
and lateral regions, where the hypodense artifacts are the most severe (Fig. 3). The increase in 
CNR ranged from 41.0% (posterior acetabulum) to 59.0% (anterior acetabulum) in the 200 keV 
VMI compared to the CI. In the medial and lateral regions with severe hypodense artifacts, 
the O-MAR images showed a higher CNR (p < 0.001), with an increase in CNR ranging from 
88.8% (medial) to 91.2% (lateral), compared to the CI.

 

Table 2. Structural Similarity Index Values

ROI A* ROI B†

CI vs. O-MAR CI vs. VMI (200 keV) CI vs. O-MAR CI vs. VMI (200 keV)
Mean (range) 0.713 (0.132–0.918) 0.719 (0.459–0.856) 0.856 (0.046–0.962) 0.933 (0.554–0.964)

*ROI A surrounds the metallic object.
†ROI B is positioned in between the femoral heads.
CI = conventional image, O-MAR = orthopedic-metal artifact reduction, ROI = regions of interest, VMI = virtual 
monoenergetic image
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SSIM
Table 2 summarizes the similarity measures at ROIs A and B, which are shown in Fig. 2. In 

ROI A, the VMI showed a similar SSIM value to that of the O-MAR images (p = 0.333). Howev-
er, the SSIM value of the VMI in ROI B was significantly higher than that of the O-MAR images 
(p < 0.001), which indicates that the artifacts in the VMI were more similar to those in the CI 
than to those in the O-MAR images. 

QUALITATIVE ANALYSIS
Table 3 shows summaries of the qualitative assessment. The degree of metal artifacts was 

significantly reduced in the O-MAR images, followed by the VMI and CI (p < 0.001). The con-
spicuity of intramedullary trabeculae was reported to be the best on the CI, followed by the 
VMI and O-MAR images (p < 0.001) (Table 3). Cortical thinning or focal perforation was fre-
quently observed on the O-MAR images (35 [observer 1] and 31 [observer 2] patients) (Figs. 4, 
5). Intramedullary trabeculae were obscured in 34 (observer 1) and 31 (observer 2) patients 
on the O-MAR images and 9 (observer 1) and 7 (observer 2) patients on the VMI (Fig. 5). No 
one showed these artifactual cortical changes in the CI. Pseudocemented appearance was re-
ported on only the O-MAR images (22 [observer 1] and 19 [observer 2] patients) (Fig. 5). There 

Table 3. Qualitative Assessment

Methods
Degree of Metallic Artifact*

Conspicuity of 
Intramedullary Trabeculae†

Cortical Thinning or 
Perforation‡

Pseudocemented 
Appearance‡

Mean SD Mean SD Mean SD Mean SD
CI 2.82 (2–3) 0.387 0.35 (0–3) 0.772 0.07 (0–3) 0.446 0.01 (0–3) 0.103
O-MAR 1.04 (0–2) 0.250 2.01 (0–3) 0.945 2.01 (0–3) 1.021 1.16 (0–1) 1.120
VMI 2.56 (0–3) 0.712 0.84 (0–3) 0.833 0.80 (0–3) 0.770 0.01 (0–1) 0.103

*0 = denoted no metal artifact, 1 = mild metal artifacts without impairment of adjacent structural depiction, 2 = moderate metal artifacts 
with considerable impairment but diagnostic, 3 = severe artifact and nondiagnostic.
†0 = denoted recognition with high confidence, 1 = recognition with medium confidence, 2 = faint demarcation with low confidence, 3 = 
nearly absence and questionable.
‡0 = nearly absence, 1 = presence with low confidence, 2 = presence with medium confidence, 3 = presence with high confidence.
CI = conventional image, O-MAR = orthopedic-metal artifact reduction, SD = standard deviation, VMI = virtual monoenergetic image

Fig. 4. A 70-year-old female who underwent right total hip arthroplasty. 
A. Postoperative conventional images reconstructed using the iterative reconstruction algorithm (iDose level 2) show marked hypodense 
artifacts in the medial pelvic wall and lateral hip regions. 
B. Postoperative CT scans reconstructed with 200-keV virtual monoenergetic images are less effective in metal artifact reduction. 
C. Postoperative CT scans reconstructed with the orthopedic metal artifact reduction algorithm are the most optimal for hypodense met-
al artifact reduction (thin arrows), but the bone cortex seems to be thin or focally perforated (thick arrow) in these images.

A B C
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was no significant difference between the CI and VMI in the presence of pseudocemented ap-
pearance (p = 1.00).

DISCUSSION

In our study, O-MAR was effective for MAR because it showed the least amount of image 
noise and was associated with the lowest AI in patients with hip prostheses. In the subjective 
assessment, metal artifact was also significantly reduced with O-MAR. However, the O-MAR 
images showed lower CNRs than the high-keV VMI in most of the investigated regions, ex-
cept in regions with severe hypodense streak artifacts. Additionally, the O-MAR images most 
frequently generated secondary artifacts (6).

There were two previous studies that directly compared CI, VMI and O-MAR images in 
MAR, which are similar to our study (9, 16). Große Hokamp et al. (9) showed that artifacts de-
picted by noise were reduced in both O-MAR images and high-keV VMI compared to CI, and 
subjectively, both methods yielded artifact reduction in most cases. Laukamp et al. (16) also 
demonstrated that both methods can reduce metal artifacts, but VMI was more effective in 
reducing moderately strong artifacts, while O-MAR was superior to other method in the re-
duction of strong artifacts. Previously, Wellenberg et al. (8) also stated that VMI are quite use-
ful in reducing beam hardening artifacts caused by the absorption of low energy photons 
rather than severe artifacts caused by extensive photon starvation (8). Laukamp et al. (16) 
also demonstrated that O-MAR images proved to be advantageous for a pelvic soft tissue 
analysis. Similarly, our results demonstrated that O-MAR images are better than VMI in the 

Fig. 5. A 54-year-old male who underwent right total hip arthroplasty. 
A. Postoperative conventional images reconstructed using an iterative reconstruction algorithm (iDose level 2) show fine bone trabeculae 
and intact cortical lining in the acetabular bone. 
B. Postoperative CT scans reconstructed with 200-keV virtual monoenergetic images show reduced hypodense metal artifacts, while also 
demonstrating a decreased CT number and partly blurred cortex in the acetabular bone (arrows). 
C. Postoperative CT scans reconstructed with O-MAR algorithm show fine acetabular bone trabeculae that are barely delineated; more-
over, the bone cortex seemed to have disappeared (thick arrows). The O-MAR image also shows a smudged high-attenuation area (thin 
arrow) around the acetabular implant. 
O-MAR = orthopedic-metal artifact reduction

A B C
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evaluation of pelvic soft tissue between the femoral heads by SSIM index analysis. They also 
found that VMI were especially helpful for the assessment of the metal-bone interfaces and 
for the reduction of hyperdense artifacts, while the iterative MAR method improved the eval-
uation of soft tissue and reduced hypodense artifacts (16). Our study also showed that VMI 
were helpful for assessing periprosthetic bone by reducing image noise and improving CNR 
in the periprosthetic bone. Furthermore, the VMI were not hampered by new artifacts and 
image distortion, while the MAR images yielded at least moderate image distortion, blurring 
and bone deletion (1, 6, 16, 17). Shim et al. (6) showed that O-MAR images tended to generate 
new artifacts including a pseudocemented appearance and scapular pseudonotching. Lau-
kamp et al. (16) also reported that O-MAR led to additional streak artifacts and distinct image 
distortion, which were not observed in VMI. In accordance with these studies, we found that 
intramedullary trabeculae near the implant were less conspicuous or sometimes obscured 
due to the smoothing effect of O-MAR, and moreover, the cortex seemed to be thin or focally 
perforated in more than half of the patients. As reported by Shim et al. (6), a pseudocemented 
appearance was more frequently observed on the O-MAR images. Secondary artifacts intro-
duced by the O-MAR algorithms might lead to a misdiagnosis of periprosthetic osteolysis; 
thus, O-MAR images should be used as supplementary images to conventional CT images 
and not as a replacement. 

There was no generalized optimal energy level of VMI to reduce metal artifacts because 
the optimal level might depend on the metal alloy, shape and geometry of the implant. 
Wellenberg et al. (8) suggested an optimal monoenergetic energy of 130 keV for hip prosthe-
ses, and Meinel et al. (18) found that the optimal median energy level was 113 keV in patients 
with titanium and steel hip prostheses. Neuhaus et al. (19) found that in general, 140 keV was 
optimal, while 200 keV was selected as the optimal level for all cases. In our study, the lowest 
AI was found in the range of 120–200 keV in soft tissue regions and at 200 keV in periprosthetic 
bones. Additionally, we found that CNRs increased with increasing keVs on the VMI. There-
fore, we suggested that 200 keV was the optimal keV for the evaluation of both periprosthetic 
soft tissues and bones to maintain relatively high CNRs.

There were several limitations in our study. First, our study was a retrospective study and 
included a relatively small sample size. Second, the participants underwent different types of 
surgeries, including unilateral and bilateral total hip arthroplasties and bipolar hemiarthro-
plasty. Third, we conducted attenuation, noise, AI, and CNR measurements to illustrate the 
extent of metal artifacts. However, it needs to be discussed which objective parameters are 
the best parameters for the evaluation of the metal artifacts. Fourth, bone resorption or oste-
olysis around prosthesis could affect CT number measurement, which could be a limitation 
in the periprosthetic bone evaluation. Finally, our study included only a small number of pa-
tients with periprosthetic complications, which are important problems in patients with hip 
prostheses but may be obscured by artifacts arising from metallic prostheses. Thus, whether 
MAR techniques can improve diagnostic accuracy in detecting these complications or alter 
the clinical decision cannot be tested. Therefore, additional clinical studies are necessary to 
show the difference among MAR techniques in evaluating periprosthetic complications. 

In conclusion, O-MAR is the best technique for severe MAR caused by hip prostheses and 
for maintaining soft tissue contrast in periprosthetic soft tissues, even though it can generate 
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new secondary artifacts. VMI at high keV are less effective for severe MAR, but they can have 
advantages for the evaluation of periprosthetic bone. 
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고관절 인공치환술 환자에서 금속 인공물 감소 방법의 비교: 
가상 단일에너지영상 대 금속 인공물 감소기법

류혜진1,2* · 홍성환1,2,3 · 최자영1,2 · 채희동1,2

목적 고관절 인공치환물을 가진 환자에서 여러 가지 금속인공물 감소 효과를 비교하였다. 

대상과 방법 이 연구는 고관절 인공치환술과 이중에너지 전산화단층촬영을 시행한 47명 환

자에서 시행하였다. 금속에서 발생한 인공물 감소효과는 서로 다른 3개의 영상(고식적 영상, 

금속인공물 감소영상, 가상 단일에너지 영상)에서 비교하였다. 이를 위해 인공관절 주변 7곳

에서 금속인공물에 대한 정량적 분석과 정성적 분석을 시행하였다. 

결과 금속인공물 감소영상에서 가장 낮은 영상잡음과 인공물 지수를 보였고, 다음으로는 가

상 단일에너지 영상이었다. 금속인공물 감소영상은 저음영 인공물이 매우 심한 영역에서만 

높은 대조도를 보인 반면, 가상 단일에너지 영상은 인공물 주변 골조직과 그 외 영역에서 높

은 대조도를 보였다. 연부조직 분석에서도 금속인공물 감소영상이 더 우수함을 보여 주었다. 

정성적 분석에서도 금속인공물 감소영상이 가상 단일에너지 영상보다 인공물 감소 효과가 

뛰어남을 밝혔지만, 이차적인 인공물 발생도 가장 흔히 발생하였다. 

결론 금속인공물 감소영상이 심한 금속인공물감소에 가장 뛰어난 효과를 보였지만 새로운 

이차적 인공물을 발생시켰다. 가상 단일에너지 영상은 인공물 주변 골조직 평가에서 우수함

을 보였다.
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