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INTRODUCTION

Prosthetic hip replacement surgery is a relatively safe proce-
dure, but there are post-operative complications. Even though 
complication rates are low, there are many total hip implant 
treatments, so radiologists commonly encounter CT images of 
patients with hip replacement surgery and periprosthetic com-
plications in daily practice (1-4). 

On CT, metallic hip prostheses can cause severe artifacts, lim-

iting evaluation of anatomic structures near the metal, impair 
diagnostic confidence, and potentially prevent detection of com-
plications. There are standard metal artifact reduction tech-
niques applied to image acquisition and reconstruction (5). But 
artifacts exist, particularly in presence of large amounts of me-
tallic hardware, such as total joint arthroplasties. 

Currently, the most commonly used CT image reconstruction 
algorithm is filtered back projection. Standard filtered back pro-
jection (SFBP) is an analytic reconstruction algorithm that as-
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sumes acquired projection data are without noise (6). And ap-
plication of SFBP in the presence of sharp gradients in sonogram 
data is one source of metal artifact (7). New metal artifact re-
duction techniques have recently been introduced by several CT 
vendors. They use either single-energy or dual-energy method, 
and these techniques reveal promise in further reducing artifact 
and improving detection of pathologic lesions (7-10). 

Improvement of image quality using Metal Artifact Reduc-
tion for Orthopedic Implants (O-MAR) technique (Philips 
Healthcare, Cleveland, OH, USA) in patients and phantom 
models with metallic implants and improvement on visualiza-
tion of pelvic organs has been documented in literature (11, 
12). However, there is concern that metal reduction techniques 
may not provide accurate attenuation values near hardware and 
may impair lesion detection by smoothing interfaces in at-
tempts to reduce noise. And yet clinical aspects of improvement 
in diagnostic accuracy associated with visualization of periar-
ticular soft tissue in pelvic CT with total hip replacement have 
not been directly evaluated in literature. 

The purpose of this study was to evaluate value of O-MAR 
technique compared with SFBP technique on post-operative hip 
CT regarding image noise and detection of complications adja-
cent to metallic hip arthroplasties.

MATERIALS AND METHODS

Patient Selection

Fifty-six post-operative hip CT scans (6 men and 50 women; 
mean age, 73.9; age range, 27–101, 53 unilateral and 3 bilateral) 
with SFBP technique and O-MAR application were prospec-
tively collected January 2013-March 2014 and retrospectively 
reviewed (Fig. 1). Forty-three total hip replacement arthroplas-
ty and 16 bipolar hemiarthroplasty cases were evaluated for 
quantitative evaluation of artifacts. 

This study received Institutional Review Board (B-1208-168-
010) approval. Written informed consent was waived because 
CT studies were clinically indicated and retrospective review of 
images did not require patients’ informed consent.

Acquisition Protocol

Post-operative scans were obtained with a multi-detector CT 
(iCT 256 slice scanner; Philips Healthcare, Cleveland, OH, 

USA) using routine clinical technique for 3-dimension pelvis/
hip CT. Scanning parameters were single-source CT acquisition, 
64 × 0.625 mm detector collimation, tube voltage of 120 kVp, 
and tube current of 300 mAs, gantry rotation time of 0.5 sec-
onds. Reconstruction field of view was set to 500 mm, with pix-
el matrix of 512 × 512. Axial slices with thickness of 3 mm with 
2 mm interval and 2 mm with 1mm interval (thin data), coro-
nal and sagittal slices with thickness of 3 mm with 3 mm inter-
val were reformatted. No intravenous or oral contrast was used. 
Images were reconstructed with a SFBP algorithm with and 
without O-MAR (additional axial slices of 3 mm thickness).

Imaging Interpretation

SFBP and O-MAR images of each patient were separated into 
two different image sets and placed in different random order 
for each reader. Two readers were therefore blinded to both pa-
tient and reconstruction technique. Readings were conducted 

A

B
Fig. 1. Axial CT images are reconstructed using SFBP (A) technique 
and O-MAR (B) technique, and periprosthetic structures are obscured 
by streak artifact on SFBP image (A) but is clearly visualized on O-MAR 
image (B).
O-MAR = Metal Artifact Reduction for Orthopedic Implants, SFBP = 
standard filtered back projection 
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over a two-week period and blinded readers measured Houn-
sfield units (HU) and searched for pathologic findings adjacent 
to the arthroplasty in each data set. Readers could scroll through 
images. Bone and bone-metal interfaces were evaluated in stan-
dard bone window settings (width, 2000 HU; level, 500 HU), 
and soft-tissue structures were evaluated in standard soft-tissue 
window settings (width, 350 HU; level, 50 HU).

Quantitative and Qualitative Evaluation

Image quality was assessed quantitatively by measuring mean 
attenuation within a region of interest (ROI) (Fig. 2). Five struc-
tures in the hip were evaluated wherein there is maximal streak 
artifact. ROIs were drawn on an axial image at levels wherein 
acetabular cup and femoral head were largest at anterior and 
posterior acetabula, gluteus maximus muscle, subcutaneous fat 
adjacent to gluteus maximus muscle, and in areas adjacent to 
the prosthesis stem wherein the lesser trochanter is largest, and 
each ROI was fully contained within the tissue measured (Fig. 3). 
HUs were measured in these ROIs and mean and standard de-
viations (SDs) calculated and compared. Image quality was as-
sessed by two radiologists with one and four years of experi-
ence. Patient-identifying information was removed from SFBP 
and O-MAR images. Periprosthetic complications were evalu-
ated for all cases and visibility compared between the two re-
construction techniques. Visibility of periprosthetic complica-
tions was evaluated as follows: 1-SFBP better, 2-SFBP same as 
O-MAR, 3-O-MAR better. Abnormalities were analyzed on ax-
ial images and, if present, were rated for visibility of peripros-

thetic complications by using the same scoring system de-
scribed previously. If there was disagreement in scoring of 
visibility, two readers discussed to give a consensus score.

Statistical Analysis

Mean attenuations at each ROI measured on SFBP and O-MAR 
images were compared using a paired Student t test. Wilcoxon 
signed rank test was used to compare SDs of HU. p-value < 0.05 
was accepted as statistically significant. We used SPSS version 

Fig. 2. Attenuations are measured on postoperative CT scans with 
standard filtered back projection technique by placing region of inter-
ests (circles) within anterior (1) and posterior (2) acetabula, gluteus 
maximus muscle (3), subcutaneous fat (4) adjacent to gluteus maxi-
mus muscle wherein there is maximal streak artifact on an axial image 
at the levels where acetabular cup and femoral head are largest.

Fig. 3. Post-operative CT scans with Metal Artifact Reduction for Or-
thopedic Implants technique of an 81-year-old female patient with 
right bipolar hemiarthroplasty.
A. Attenuations are measured on post-operative CT scans by placing 
ROIs (circles) within anterior (1) and posterior (2) acetabula, gluteus 
maximus muscle (3), subcutaneous fat (4) adjacent to gluteus maxi-
mus muscle on axial image at levels wherein acetabular cup and fem-
oral head are largest, and each ROI was fully contained within tissue 
being measured.
B. Attenuation is measured on postoperative CT scans by placing ROIs 
(circle) within areas adjacent to the prosthesis stem wherein the lesser 
trochanter is largest, and each ROI was fully contained within tissue be-
ing measured.
ROI = region of interests

A

B
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21.0 (IBM Corp., Armonk, NY, USA) software for statistical 
analysis.

RESULTS

Average HU at posterior acetabulum was 179.10 (range, 5.47– 
334.59) vs. 86.78 (-21.33–275.94) for SFBP vs. O-MAR, respec-
tively (p < 0.001), and gluteus maximus muscle 83.82 (3.16–
191.72) vs. 60.20 (4.33–101.74) (p = 0.034), subcutaneous fat 
-60.30 (-92.95–62.75) vs. -75.75 (-113.10–-6.78) (p = 0.007), so 
significantly lower in O-MAR (Fig. 3). SD for HU was 306.23 
(97.15–520.78) vs. 261.36 (72.17–499.89) (p = 0.005) at anterior 
acetabulum, 251.35 (76.71–459.65) vs. 215.88 (59.06–402.18) 
(p = 0.007) at posterior acetabulum, 134.87 (36.94–282.62) vs. 
105.48 (37.88–212.57) (p = 0.001) at gluteus maximus muscle, 
and 112.46 (19.99–228.83) vs. 87.37 (18.67–151.26) (p = 0.003) 
at subcutaneous fat, and 275.04 vs. 214.76 (p = 0.001) at stem 
level (Table 1). Periprosthetic fluid collection (n = 1), loosening 
(n = 2), osteolysis (n = 1), periprosthetic fracture (n = 1), hard-
ware breakage (n = 1) were detected on CT as postoperative 
complications (Fig. 4). Mean visibility of periprosthetic compli-
cations was 2.0, so equivalent in all SFBP and O-MAR images 
of each patient.

DISCUSSION

Metal artifact reduction (MAR) techniques have been revealed 
to improve image quality in patients with metallic implants (13). 
One of the new techniques using single-energy method is the 
O-MAR technique, compared with SFBP in this study. O-MAR 
creates a metal only image and a tissue classified image by seg-
menting input image into tissue and non-tissue pixels. Tissue 
classified sonogram is subtracted from the original image sono-

gram, producing an error sonogram and replacing data in the 
metal by interpolating values that will simulate tissue in place 
of the metal, removing metal data point in sonogram. Metal so-
nogram data is used as a mask to remove all non-metal data 
points from the error sonogram. This error sonogram data is 
back projected to generate the correction image. O-MAR uses 
an iterative loop wherein output correction image is subtracted 
from the original input image. The resultant image can become 
the new input image and the process can be repeated (8-10).

Many studies have revealed decreased artifact and improved 
subjective image quality of soft-tissue structures near metallic 
prosthesis using commercially available techniques. These stud-
ies have focused on patients with hip arthroplasties and other 
types of hardware including shoulder arthroplasties, dental 
hardware, fracture fixation hardware, and spinal hardware (4, 7, 

Table 1. Standard Deviation for HU (O-MAR vs. SFBP)
ROI location SFBP O-MAR p-Value

Anterior acetabulum 306.23 261.36 0.005
Posterior acetabulum 251.35 215.88 0.007
GM 134.87 105.48 0.001
Subcutaneous fat adjacent to GM 112.46 87.37 0.003
Subcutaneous fat at stem level 275.04 214.76 0.001

GM = gluteus maximus muscle, HU = Hounsfield units, O-MAR = Metal 
Artifact Reduction for Orthopedic Implants, ROI = region of interest, SFBP 
= standard filtered back projection

Fig. 4. A 47-year-old male with complications after left total hip re-
placement arthroplasty.
A. Axial CT image with standard filtered back projection technique 
shows a loosening with osteolysis at left acetabulum and around 
proximal stem (arrows).
B. There is wearing at superior aspect of polyethylene liner on coronal 
CT image with Metal Artifact Reduction for Orthopedic Implants tech-
nique (long arrow). Loosening with osteolysis around proximal stem is 
noted (short arrow).

B

A
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8, 14-21). Several previous studies reported increase in detec-
tion rate of periarticular lesions with more confidence in analy-
sis of these anomalies by use of MAR algorithm (22). But to our 
knowledge, clinical significance of these techniques has not 
been validated (23-25). 

The purpose of this study was to compare the O-MAR tech-
nique with the SFBP technique quantitatively and qualitatively, 
in terms of noise and image quality near hip arthroplasty, re-
spectively. Differences of averaged SD between O-MAR and SFBP 
images were highly significant for anterior acetabulum, posteri-
or acetabulum, gluteus maximus muscle, subcutaneous fat, and 
at stem level. Lower SD of HU in ROIs means quantitatively ho-
mogeneous distribution of CT attenuation and could be inter-
preted as lower noise in selected ROI. Study results revealed 
that quantitative measurement of image noise induced by me-
tallic orthopedic prostheses, expressed as averaged SD of CT 
numbers, can be substantially reduced by application of the O-
MAR algorithm in clinical study. Reduction of image noise by 
use of the O-MAR algorithm was statistically significant. Study 
results demonstrate superiority of O-MAR technique compared 
with SFBP technique on post-operative hip CT regarding image 
noise. Results from this study support previous research results 
in terms of image noise (9, 26, 27). 

In addition, visibility of pathologic lesions near arthroplasty 
implant was assessed in this study. Artifacts may be a major 
source of false-negative findings by obscuring soft tissue near a 
metallic prosthesis on post-operative CT. So, we hypothesized 
that decreased image noise by use of the O-MAR algorithm may 
improve diagnostic performance and confidence in detecting 
pathologic lesions near arthroplasties. Mean visibility of peri-
prosthetic complications was equivalent in all cases, so there was 
equivalent value between O-MAR and SFBP images in terms of 
detection of complications. We attribute this result to the possi-
bility that experienced radiologists are trained to detect peripros-
thetic soft tissue complication in hip arthroplasty on SFBP imag-
es despite metal artifact. 

Several drawbacks of the MAR technique must be acknowl-
edged. Information loss can occur, nonetheless, this has no im-
pact on diagnostic quality of CT images and has not impacted 
diagnostic performance. Use of the O-MAR algorithm may cre-
ate new artifacts as other MAR techniques, due to inaccuracies 
in the segmentation and classification of metal and non-metal 

tissue during MAR processing steps (28-30). Artifacts related to 
O-MAR appear as artificial dark or bright shading on corrected 
images. The software vendor strongly recommends cross-refer-
enced review of CT images with and without O-MAR to prevent 
potential negative effect of O-MAR–related artifacts at image in-
terpretation (7). The vendor expects that this limitation can be 
overcome by incorporating new adaptive correction algorithm 
into the current software version (9, 28). 

There are several limitations to this study. 
First limitation is the relatively limited number of subjects. 

More extensive data with larger number of subjects increases sta-
tistical power. It is possible that a larger study sample would 
have allowed us to demonstrate statistically significant improve-
ment in diagnosis of periprosthetic complications with O-MAR 
image compared to SFBP image.

Second, there may have been recall bias because same cases O-
MAR images and SFBP images were read twice. The same case 
presented side-by-side with a possible bias towards better scor-
ing for CT images with O-MAR in qualitative analysis. This bias 
was minimized by having readers blinded to the technique and 
by using random reading order.

Third, pre-operative CT attenuation value near hip prostheses 
was not measured, so we do not know HUs of pelvic structures 
where there is no artifact. Change of post-operative HU may have 
impacted O-MAR and SFBP images; therefore, overall results 
would not have been impacted (8).

Although pathologic aspects of structures evaluated were 
found in several cases analyzed, the lack of a gold standard pre-
cluded evaluation of the diagnostic performance of the O-MAR 
algorithm. 

Our study population had either total hip replacement arthro-
plasty or bipolar hemiarthroplasty. There may be image quality 
difference between prostheses types, total hip replacement ar-
throplasty and bipolar hemiarthroplasty, but the influence of 
prostheses types in artifact reduction was not assessed. 

In addition, the HU of acetabulum is significantly impacted 
by patient’s bone quality. So, if patient has bone density altering 
disease such as osteopenia or osteoporosis, measurement of 
acetebulum could not be representative of the whole skeleton.

Another limitation is that intra- and inter-observer agreements 
were not analyzed in this study.

Last, this study did not evaluate benefits of O-MAR when 
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scanning at lower energies that are increasingly being used for 
other body parts’ CT scan. The simplest way of reducing metal-
lic artifact noise is to increase tube voltage because higher-ener-
gy x-ray beams penetrate metal (10, 31, 32); however, this ap-
proach inevitably increases radiation exposure of patients. 
Theoretically, the benefit of O-MAR over SFBP should be the 
same regardless of tube voltage. 

In conclusion, reconstructions using O-MAR technique in 
post-operative hip CT scans yielded significantly decreased im-
age noise near hip arthroplasties as compared with SFBP tech-
nique. Evaluation of periprosthetic complication can be hin-
dered by artifacts related to metallic hardware. However, even 
though CT images with O-MAR technique yielded more de-
creased image noise on soft tissues in patients with hip arthro-
plasty, the diagnosis of periprosthetic complications was not sig-
nificantly different between reconstruction techniques in this 
study. Therefore, clinical value of O-MAR technique remains for 
further investigation.
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정형외과 임플란트용 금속 인공물 감소법 적용 CT 영상과  
표준 여과 후 역투영적용 CT 영상의 비교: 고관절치환술  

환자의 수술 후 CT 영상의 가치

임지원 · 최정아* · 이선아 · 길은경

목적: 정형외과 임플란트용 금속 인공물 감소법(Metal Artifact Reduction for Orthopedic Implants; 이하 O-MAR) 적용 

CT 영상이 표준 여과 후 역투영적용 CT 영상과 비교하여 영상잡음 감소와 수술 후 합병증 발견에 도움이 되는지 평가해

보고자 하였다.

대상과 방법: 고관절 치환술 시행 후 standard filtered back projection (이하 SFBP)과 O-MAR가 적용된 CT을 얻은 환

자 56명을 후향적으로 분석하였다. 관심영역은 비구컵과 대퇴골두가 가장 크게 보이는 영상에서 비구의 전방 및 후방, 인

접한 대둔근 및 피하지방, 그리고 소전자가 가장 크게 보이는 영상에서 인공삽입물 근처에 위치하였다. 인공음영 정도의 평

가를 위해 SFBP 적용영상과 O-MAR 적용영상에서 region of interests의 평균 Hounsfield unit (이하 HU)과 HU의 표준

편차를 계산하여 차이가 있는지 비교하였다. 인공삽입물 주위 합병증을 평가하였고 그 합병증의 가시성을 두 가지 영상재

구성기술에서 비교하여 다음과 같이 수치화하였다; 1- SFBP이 더 나음, 2-SFBP이 O-MAR와 동일, 3-O-MAR이 더 나음.

결과: 평균 HU값은 비구 후방, 대둔근, 피하지방에서 O-MAR 적용영상이 유의하게 낮게 나타났다(p ＜ 0.05). HU의 

표준편차는 모두에서 O-MAR 적용영상이 유의하게 낮게 나타났다(p ＜ 0.05). 인공삽입물 주위 합병증의 평균 가시성은 

2.0으로 두 영상재구성기술이 동등하였다.

결론: O-MAR를 적용하여 재구성된 고관절치환술 후 영상은 SFBP 적용 CT영상과 비교하여 영상 잡음이 통계적으로 의

미 있게 감소함을 정량적으로 확인하였다. 반면에 인공삽입물 주위 합병증의 진단은 영상재구성기술의 차이에 영향을 받

지 않았다.
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