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Objective: To compare the quality of various polychromatic and monochromatic images with or without using an iterative
metal artifact reduction algorithm (iMAR) obtained from a dual-energy computed tomography (CT) to evaluate total knee
arthroplasty.

Materials and Methods: We included 58 patients (28 male and 30 female; mean age [range], 71.4 [61-83] years) who
underwent 74 knee examinations after total knee arthroplasty using dual-energy CT. CT image sets consisted of polychromatic
image sets that linearly blended 80 kVp and tin-filtered 140 kVp using weighting factors of 0.4, 0, and -0.3, and
monochromatic images at 130, 150, 170, and 190 keV. These image sets were obtained with and without applying iMAR,
creating a total of 14 image sets. Two readers qualitatively ranked the image quality (1 [lowest quality] through 14 [highest
quality]). Volumes of high- and low-density artifacts and contrast-to-noise ratios (CNRs) between the bone and fat tissue
were quantitatively measured in a subset of 25 knees unaffected by metal artifacts.

Results: iMAR-applied, polychromatic images using weighting factors of -0.3 and 0.0 (P and Pooi, respectively) showed
the highest image-quality rank scores (median of 14 for both by one reader and 13 and 14, respectively, by the other reader;
p < 0.001). All iMAR-applied image series showed higher rank scores than the iMAR-unapplied ones. The smallest volumes
of low-density artifacts were found in P.3i, Pog, and iMAR-applied monochromatic images at 130 keV. The smallest volumes
of high-density artifacts were noted in P.os. The CNRs were best in polychromatic images using a weighting factor of 0.4
with or without iMAR application, followed by polychromatic images using a weighting factor of 0.0 with or without iMAR
application.

Conclusion: Polychromatic images combined with iMAR application, P.os and Po, provided better image qualities and
substantial metal artifact reduction compared with other image sets.
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INTRODUCTION images with metallic implants is challenging because of
metal-induced artifacts. These usually present as bright and
dark streaks caused by multiple mechanisms such as photon
starvation, beam hardening, scattering, partial volume
effects, and edge effects [1-3]. The severity of the impact
of metal artifacts on CT is dependent on the size and
atomic number of the metallic implant. For instance, smaller
implants show fewer metal-induced artifacts and implants
with higher atomic numbers, such as cobalt (atomic number

27) and chromium (atomic number 24), show more metal-
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induced artifacts [2]. Because orthopedic metallic implants
are usually larger and made of materials with higher atomic

1341


http://crossmark.crossref.org/dialog/?doi=10.3348/kjr.2020.0548&domain=pdf&date_stamp=2021-07-05

Korean Journal of Radiology

numbers, metal-induced artifacts are very troublesome in
the field of musculoskeletal radiology.

Many strategies have been developed to reduce these
metal artifacts. These strategies can be categorized into
two approaches [2,4]. One is the use of high-energy
reconstruction of virtual monochromatic images created
with dual-energy CT (DECT). High-energy photons in
high-energetic virtual monochromatic images can reduce
beam hardening artifacts without increasing the patient’s
radiation exposure; however, this leads to a decreased
tissue contrast [5-7]. The other approach incorporates
the use of a metal artifact reduction algorithm (MAR),

a sinogram in-painting technique, which identifies
corrupted projection data caused by the presence of

metals and subsequently replaces them with approximated
or interpolated data. Metal artifact reduction lowers the
effects of beam hardening and photon starvation [4].
Currently, several vendors offer their own versions of MAR:
iterative MAR (iMAR, Siemens Healthineers), MAR for
orthopedic implants (0-MAR, Philips Healthcare), single-
energy MAR (SEMAR, Canon Medical Systems), and smart
MAR (SmartMAR, GE Healthcare) [5-8]. A few recent studies
have dealt with the combination of virtual monochromatic
images and MAR [9-13]. Bongers et al. [9] and Long et al.
[12] showed that combining these two methods showed the
best metal artifact reduction. Conversely, Khodarahmi et al.
[10] reported that this combination did not improve image
quality over exclusive MAR use for polychromatic data.

DECT provides linearly blended polychromatic images to
fuse high- and low-energy images with different weighting
factors. For example, a weighting factor of 0.3 means that
30% of the image information is derived from the low-
energy image and 70% from the high-energy image. As
the weighting factor increases, the image appears to be a
more low energy image. In DECT with tube voltages of 80
kVp and 140 kVp, a polychromatic image with a weighting
factor of 0.3 corresponds approximately to a 120-kVp image
[14-16]. Therefore, blended polychromatic images with
lower weighting factors could simulate higher-kVp images.
Combined with MAR, this strategy could be a good method
for metal artifact reduction.

Therefore, our study attempted to compare the quality
of various polychromatic and monochromatic images with
or without applying an iterative metal artifact reduction
algorithm (iMAR) obtained from a DECT to evaluate total
knee arthroplasty.
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MATERIALS AND METHODS

This retrospective exploratory study was approved by the
Institutional Review Board of Inje University Busan Paik
Hospital, and the need for informed consent was waived (IRB
No. 19-0234).

Study Population

We included 58 patients who underwent DECT of the knees
after total knee arthroplasty between January 2019 and
January 2020. Of these patients, 28 were male and 30 were
female (mean age, 71.4 years; age range, 61-83 years).
Forty-two patients underwent unilateral knee arthroplasty,
and the rest underwent bilateral knee arthroplasty. Among
all 74 cases of total knee arthroplasty, 67 were performed
in our institution and the others elsewhere.

Image Acquisition

All CT images in this study were obtained using a
dual-source DECT scanner (Somatom Drive, Siemens
Healthineers). The scanning parameters were a tube voltage
of 80 kVp and a tin-filter (Sn) of 140 kVp; an effective
tube current time of 200 mAs and 100 mAs for the low- and
high-kVp settings, respectively; an automatic tube current
modulation with the quality reference tube current-time
product of 192 mAs; a slice acquisition of 32 x 0.6 mm; a
pitch of 0.7; a rotation time of 1 second; and a volume CT
dose index of 7.79 mGy.

Image Reconstruction

Six polychromatic images and eight monochromatic
images were reconstructed. During the reconstruction of
the polychromatic images, low- and high-kVp sources were
linearly blended with three weighting factors of 0.4, 0.0,
and -0.3. Polychromatic images with weighting factors of
0.4, 0.0, and -0.3 were generated by mixing 40% of 80-
kVp images and 60% of Sn 140-kVp images, 0% of 80-kVp
images and 100% of Sn 140-kVp images, and -30% of 80-
kVp images and 130% of Sn 140-kVp images, respectively.
A polychromatic image with a weighting factor of 0.4 was
equivalent to a 120-kVp image according to the vendor’s
reference. Because a DECT with 80 kVp and Sn 140 kVp
(not 80 kVp and 140 kVp) was utilized in this study, the
weighting factor corresponding to 120 kVp was higher
than 0.3. Monochromatic images were obtained at 130
keV, 150 keV, 170 keV, and 190 keV. Using the guidelines
above, with or without iMAR, six polychromatic images
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and eight monochromatic images were generated (iMAR-
applied, polychromatic images with weighting factors of
0.4, 0.0, and -0.3 [Poi, Po.oi, P-o3i, respectively] and iMAR-
unapplied, polychromatic images with weighting factors of
0.4, 0.0, and -0.3 [Po4, Poo, and P.o3, respectively], iMAR-
applied, monochromatic images at 130 keV, 150 keV, 170
keV, and 190 keV [Mis0i, Misoi, Mi7ei, and Miggi, respectively],
and iMAR-unapplied monochromatic images at 130, 150,
170, and 190 keV [Miso, Miso, Mi70, and Migo, respectively])
(Table 1). The selected option for iMAR was “extremity
implant” because we considered this to be the superior
choice in patients with knee arthroplasty. All images were
reconstructed in the axial plane with a slice thickness of

3 mm, soft tissue kernel (140), and advanced modeled
iterative reconstruction (ADMIRE, Siemens Healthineers)
at a strength of 3. Immediately after image acquisition,
polychromatic image series were reconstructed on a
regular workstation by the technicians. At a later time,
monochromatic image series (or polychromatic images when
they were incompletely provided) were reconstructed by a
radiologist using dedicated softwares (Mono+, SyngoVia,
version VB 30A_HF02, Siemens Healthineers).

Image Analysis
Qualitative Image Quality
Two radiologists (readers A and B), each with more

than ten years of experience in musculoskeletal radiology,
independently ranked the overall image quality of the

Table 1. CT Image Series
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datasets of all participants. They considered metal artifact
reduction and visibility of the bone-implant interface and
bone and soft tissue details in side-by-side comparisons.
Rank scores from 1 to 14 were given because there were
14 image sets, with 14 indicating the best image quality
and 1 indicating the worst. Tied ranks were permitted:

for example, if there were two image sets assigned a

score of 14, the next best image set (i.e., the third best
image quality ranking) was given a score of 12. While
scoring the images, the 14-image series from each dataset
were randomly displayed in the picture archiving and
communications system (PACS) software after removing the
digital imaging and communication in medicine (DICOM)
header information and annotations to blind the readers
to patient and image series information. All datasets were
shown with a window width of 600 Hounsfield unit (HU)
and a window level of 150 HU. In cases of bilateral knee
arthroplasties, the right knee was assessed.

Quantitative Image Quality

Reader A performed all measurements and calculations
in a subset of 25 knees of 20 patients (6 male, 14 female;
mean age, 71.3 years; age range, 61-83 years; unilateral
knee arthroplasty in 15 patients, bilateral knee arthroplasty
in 5 patients) of the 58 participants because the source
CT data in the other patients were inadequate for these
quantitative analyses.

The volumes of the low- and high-density artifacts were
separately measured because metallic artifacts appear

Monochromatic vs.

iMAR Photon E
! Polychromatic Otaf Energy

Image Series Description

Unapplied Polychromatic ~ Blending of 80 and 140 kVp
Blending of 80 and 140 kVp
Blending of 80 and 140 kVp
130 keV
150 keV
170 keV
190 keV
Blending of 80 and 140 kVp
Blending of 80 and 140 kVp
Blending of 80 and 140 kVp
130 keV
150 keV
170 keV
190 keV

Monochromatic

Applied Polychromatic

Monochromatic

iMAR-unapplied, polychromatic image with a weighting factor of 0.4 (Po.)
iMAR-unapplied, polychromatic image with a weighting factor of 0.0 (Po.0)
iMAR-unapplied, polychromatic image with a weighting factor of -0.3 (P-o3)
iMAR-unapplied, monochromatic image at 130 keV (Mi30)

iMAR-unapplied, monochromatic image at 150 keV (Miso)

iMAR-unapplied, monochromatic image at 170 keV (M)

iMAR-unapplied, monochromatic image at 190 keV (Mig)

iMAR-applied, polychromatic image with a weighting factor of 0.4 (Po.)
iMAR-applied, polychromatic image with a weighting factor of 0.0 (Po.o)
iMAR-applied, polychromatic image with a weighting factor of -0.3 (P-o.i)
iMAR-applied, monochromatic image at 130 keV (Mis01)

iMAR-applied, monochromatic image at 150 keV (Musoi)

iMAR-applied, monochromatic image at 170 keV (M70:)

iMAR-applied, monochromatic image at 190 keV (Mug0;)

iMAR = iterative metal artifact reduction algorithm
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as streaks and dark/bright regions. The upper and lower
boundaries of the volume of interest (VOI) were the
upper end of the femoral component of the implant and
the proximal aspect of the proximal tibiofibular joint,
respectively, which were the same across the image series
in each dataset. The background was excluded from the
VOI. A maximal threshold of -400 HU in the VOI was used
to measure low-density artifacts, and a minimal threshold
of 800 HU was used for high-density artifacts [10]. High-
density artifact quantifications include the volume of
metallic implants. These measurements were performed with
a SyngoVia workstation (Siemens Healthineers) (Fig. 1).

To evaluate the effects of iMAR and mono- or
polychromatic images on CT attenuation, background noise,
contrast-to-noise ratio (CNR), CT attenuation numbers
of the bone and fat, and background noise on the image
slices not affected by the metal artifacts were measured on
the PACS. The location and size of the region of interest
(ROI) for measurements were the same across the series
in each dataset. Because cancellous bone may be affected
by the status of bone marrow and bone mass, the cortical
bone of the femoral shaft was selected for the bone ROI.
Fat tissue devoid of vessels was used to determine the
fat ROI, and the image corners were used to determine

Volume 43.73 cm3
Min / Max: -1024 HU/0 HU
Mean/SD: -718 HU/2561 HU

Low-density artifact

Choo et al.

the background ROI. The ROI size was approximately 3
mm?; this was adaptively manipulated to avoid inclusion
of unrepresentative tissue. The standard deviations of CT
attenuation numbers in the background ROIs were used as
the background noise. Each measurement was performed
three times, and averages were analyzed. The CNR was then
calculated by dividing the difference in the CT attenuation
numbers between bone and fat by the background noise.

Statistical Analysis

Using the Shapiro-Wilk test, we found that the
continuous variables were not normally distributed (volume
of the artifacts, CT attenuation number, noise, and CNR).
Thus, the continuous variables and ordinal variables (rank
scores of image quality) among the 14-image series were
compared using the Friedman’s test followed by a multiple
pairwise comparison with the Conover’s test. During the
multiple pairwise comparisons, p values were adjusted
using the Bonferroni method. The inter-reader agreement
on the rank scores of image quality was analyzed using the
weighted « test. The degree of agreement was categorized
as follows: < 0, poor; 0-0.20, slight agreement; 0.21-0.40,
fair agreement; 0.41-0.60, moderate agreement; 0.61-
0.80, substantial agreement; and 0.81-1, almost perfect

Volume 109.66 cm3
Min / Max: 800 HU/3247 HU
Mean/SD: 2100 HU/784 HU

High-density artifact

Fig. 1. Measurement of volumes of low- and high-density artifacts. Post-processed color-coded 130-keV monochromatic images without
an iterative metal artifact reduction algorithm show dark green areas indicating low-density artifacts with a maximal threshold of -400 HU and
light green areas indicating high-density artifacts with a minimal threshold of 800 HU. HU = Hounsfield unit, Max = maximum, Min = minimum,

SD = standard deviation
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agreement [17]. All statistical analyses were performed
using SPSS (version 24, IBM Corp.) and Rex (version
3.0.3, RexSoft Inc.). A two-sided p value of < 0.001 was
considered statistically significant.

RESULTS

Qualitative Image Quality

Among the 14-image series by the two readers, Py and
P.o.3i had the best rank scores for image quality (Table 2).
Along with significant metal artifact reduction, P showed
good bone-metal interface, and Py showed good tissue
contrast (Fig. 2). Mo showed the second best rank scores,
followed by Misei and Myz4. All image series combined with
the iMAR application showed significantly higher rank
scores than those without. Among the iMAR-unapplied
image series, P.o; showed the best rank scores. The inter-
reader agreement was substantial (k = 0.802).

Low- and High-Density Artifacts

The volumes of the low- and high-density artifacts were
significantly different among the 14-image series (p <
0.001). Po.oi, P-o3i, and Myse showed the lowest volumes of
low-density artifacts (Figs. 2, 3A). The volumes of the high-
density artifacts were lowest in P, 3;, followed by Poo and
Misgi. Pos had the largest volumes of low- and high-density
artifacts (Figs. 2, 3B). All iMAR-applied image series, except
Po.si, had fewer low- and high-density artifacts than the
iMAR-unapplied series. The monochromatic image series

Table 2. Qualitative Image Quality Analysis
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showed an increasing trend of low-density artifacts with
higher photon energies and a decreasing trend of high-
density artifacts with higher photon energies.

CT Attenuation, CNR, and Noise

CT attenuation numbers of tissues, background noise,
and CNRs significantly differed among the 14-image series
(p < 0.001) (Figs. 2, 4). The CT attenuation numbers of
bone tended to decrease with lower weighting factors
in polychromatic images and higher photon energies in
monochromatic images (Fig. 4A), whereas those of fat
tended to increase with lower weighting factors and higher
photon energies (Fig. 4B). Po. and Py showed the highest
CT attenuation of bone and the lowest CT attenuation of
fat, whereas P.; and P.o3; showed the lowest attenuation of
bone and the highest attenuation of fat. Consequently, the
CNRs were the best in P4 and Po.4;, and worst in P 3 and
P.o.3i (Fig. 4C). The next best CNRs were found in P, Po.oi,
and Mis. The combination of iMAR did not influence the CT
attenuation numbers of fat and slightly decreased those of
bone. The background noise was significantly higher in P
and P.os (Fig. 4D). The application of iMAR mildly increased
the background noise.

DISCUSSION

In this study, P.os and Pooi showed the best qualitative
image quality in patients who underwent total knee
arthroplasty. Quantitatively, P.o3 had the lowest volumes

Reader A Reader B

Ranks Score*  Image Sets Showing Statistical Difference! Ranks Score*  Image Sets Showing Statistical Difference!
Po.s 1(1-1) All 1(1-1) All
Po.o 2 (2-6) All 2 (2-2.3) All
Pos 7 (3-7) All except Mizo, Migo 7 (6-7) All except Mizo, Migo
Ma30 6 (5-7) All except Miso, M1z, M1go 6 (4.3-6) All except Miso, M170, Migo
Miso 6 (5-7) All except Mi3o Mi70, Migo 6 (5-5.8) All except Mizo, Mizo, Migo
Mizo 6 (5-7) All except Miso, Miso, Migo 6 (5.3-6) All except Miso, Miso, Migo
Mig0 6 (5-7) All except Miso, Miso, M7 6 (5-6) All except Miso, Miso, Mizo
Po.si 8 (8-8) All 8 (8-8) All
Po.oi 14 (13-14) All except P 14 (14-14) All except P
Pooi 14 (13-14) All except Po.oi 13 (13-14) All except Po.oi
Misoi 12 (12-12) All 12 (12-12) All
Msoi 11 (11-12) All except Myzo; 11 (11-12) All except My
Ma7i 11 (10-11) All except Musei, Migoi 11 (11-12) All except Musoi, Migoi
Magoi 11 (10-11) All except Myzoi 11 (9-11) All except Mizoi

*Data are median (interquartile range), 'Data are from pairwise comparisons between the image sets. P < 0.001 (i.e., Bonferroni-

adjustment) were only included.

kjronline.org https://doi.org/10.3348/kjr.2020.0548
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Fig. 2. CT image series in a 68-year-old male with right knee arthroplasty (A), in a 70-year-female with right knee arthroplasty
(B), and in a 68-year-old female with right knee arthroplasty (C). The iMAR-applied image series (lower row) shows obvious metal
artifact reduction, compared with the iMAR-unapplied image series (upper row). The iMAR-applied, polychromatic images with a weighting factor
of -0.3 (P.o3i) show the best metal-bone-interface and least low-density and high-density metal artifacts, although they are somewhat coarse
and noisy. Monochromatic image series with iMAR application show an increasing trend of low-density artifacts with higher photon energies.

The iMAR-applied, polychromatic images with a weighting factor of 0.0 (Po.oi) show comparable metal-bone interface with that of iMAR-applied,
monochromatic images at 130 KeV (Mus0i), but less low-density metal artifact and better tissue contrast (higher bone density and lower fat

density) than Musei. All the images were displayed with a window width of 600 HU and a window level of 150 HU. HU = Hounsfield unit, iMAR =
iterative metal artifact reduction algorithm
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Fig. 3. Box-and-whisker plots of volumes of low-density artifacts (A) and high-density artifacts (B) with corresponding multiple
pairwise comparison tests. iMAR-applied, polychromatic images with weighting factors of 0.0 and -0.3 (Po.si and P-i) and iMAR-applied
monochromatic images at 130 keV (M) show the lowest low-density artifacts. P.osi shows the lowest high-density artifacts. As the weighting

factors of blended polychromatic images decrease and photon energies of

monochromatic images increase, the high-density artifacts show a

decreasing tendency and the low-density artifacts show an increasing tendency. iMAR = iterative metal artifact reduction algorithm

of low- and high-density artifacts; however, it showed the
worst CNRs and the highest background noise. Pooi and Misg
had the second lowest volumes of low- and high-density
artifacts. Between them, CNRs were better in Pooi than in
MlBOi-

To date, few studies have been evaluated the usefulness
of MAR and virtual monochromatic images [9-13]. Most
of these studies concluded that the combination yielded
optimal artifact reduction, compared to each method

kjronline.org https://doi.org/10.3348/kjr.2020.0548

alone [9,11-13]. Bongers et al. [9] compared the metal
artifact reduction performance of 120-kVp-equivalent
mixed polychromatic images and monochromatic images
at 130 keV with or without iMAR on hip prostheses and
dental implants. They concluded that the combination of
iMAR and monochromatic images provided a considerable
benefit compared to each method alone. However, a study
by Khodarahmi et al. [10] compared the volumes of low-
and high-density artifacts among 120-kVp-equivalent
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Fig. 4. Box-and-whisker plots of CT attenuation numbers of bone (A) and fat (B), CNRs (C), and background noise (D) with
corresponding multiple pairwise comparison tests. As weighting factors decrease and photon energies increase, bone attenuation decreases
and fat attenuation increases. Polychromatic images with a weighting factor of -0.3 with and without iterative metal artifact reduction algorithm
application (P-oi, P-o.3) show the lowest CNRs and the highest background noise. CNR = contrast-to-noise ratio

polychromatic images and monochromatic images at 150 monochromatic images at 130 keV were superior to iMAR-
keV and 190 keV with or without iMAR on ankle arthroplasty  applied 120-kVp-equivalent polychromatic images for metal
and concluded that the combination of iMAR and virtual artifact reduction. Our results also partially agree with those
monochromatic images at higher photon energies did not of Khodarahmi et al. [10], as monochromatic images tended
improve image quality over iMAR-reconstructed mixed to have increased low-density artifacts and decreased high-
polychromatic data alone. They found that the combination  density artifacts as photon energies increased.

at higher energies resulted in mixed effects on metallic The major strength of our study lies in the novel use of
artifacts, including decreased high-density artifacts polychromatic images with low weighting factors for metal
and increased low-density artifacts. Our results partially artifact reduction, rather than routinely used polychromatic
agree with those of Bongers et al. [9], as iMAR-applied images equivalent to 120 kVp. As per our expectations,
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Fig. 4. Box-and-whisker plots of CT attenuation numbers of bone (A) and fat (B), CNRs (C), and background noise (D) with
corresponding multiple pairwise comparison tests. As weighting factors decrease and photon energies increase, bone attenuation decreases
and fat attenuation increases. Polychromatic images with a weighting factor of -0.3 with and without iterative metal artifact reduction algorithm

application (P-osi,

blended polychromatic images with low weighting factors
of 0.0 and -0.3, presumably corresponding to images with
an of Sn 140 kVp and those with a higher kVp, respectively,
yielded a better metal artifact reduction and image quality
than 120-kVp-equivalent polychromatic images and higher-
energy monochromatic images. Another notable point of
our study is the use of a tin filter in a high-kVp tube. A

tin filter added to a standard aluminum filter increases the
mean photon energy without increasing radiation exposure
by absorbing low-energy photons [18]. Thus, tin-filtered

kjronline.org https://doi.org/10.3348/kjr.2020.0548

P.0.3) show the lowest CNRs and the highest background noise. CNR = contrast-to-noise ratio

high-kVp photons can reduce beam hardening and decrease
metal artifacts. A recent study using photon-counting CT
demonstrated that high-energy threshold images acquired
with tin filtration yielded a substantial decrease in metal
artifacts [19]. The fact that P, theoretically equivalent

to Sn 140 kVp, showed the best rank may be firmly

related to the use of tin-filtered high-energy tubes. This
finding suggests that signal energy CT with a tin-filtered
high-voltage tube can provide substantial metal artifact
reduction when MAR is applied. However, further research is
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required on this topic.

Our study had several limitations. First, due to insufficient
data resources not all cases could be used for quantitative
analysis. Second, our results may have limited validity
for other vendors using different dual-energy techniques
and MARs because CT scans were acquired using one type
of DECT scanner and MAR method. Third, we used only
the soft tissue kernel (140). Soft tissue kernels and sharp
kernels have their own pros and cons. Sharp kernels are
more suitable to evaluate bone and high-density materials
but have more noise, whereas soft tissue kernels are more
suitable for soft tissue and bone marrow and have less
noise. Thus, considering the study purpose of reduction of
metallic artifacts and noise, the soft tissue kernel may not
be an inferior choice. Fourth, qualitative image quality was
not evaluated separately in soft tissue and bone windows,
but only in a single window set of 600/150 HU. In general,
soft tissue and bone windows are good to evaluate soft
tissue and bone, respectively. However, a window set of
600/150 HU may offer benefits in patients undergoing
knee arthroplasty. CT attenuation numbers of the bone
become lower in the images with higher kVp. Moreover,
most patients undergoing knee arthroplasty are older, and
the procedures worsen their osteoporosis. Thus, it is more
difficult to evaluate bony abnormalities in CT images with
bone windows. In the soft tissue window, the image quality,
particularly of the non-iMAR image series, was too poor for
assessing the abnormality in the vicinity of the prosthesis.
A window range/level of 600/150 HU is a hybrid between
that of bone and soft tissue, and may compensate for
soft tissue differentiation and low bone density in bone
windows and metal artifacts in soft tissue windows to some
degree. Fifth, high-density artifact quantification included
metallic implants and sometimes cortical bone. Sixth, the
detectability of abnormalities was not evaluated. This is
because all cases included in this study were routinely
examined at follow-up 3 months after knee arthroplasty,
and there were no significant abnormalities to evaluate.
Lastly, this study was only exploratory. Although we
applied Bonferroni adjustment to interpret the statistical
significance of the comparisons, some of the statistically
significant differences might have turned up by chance due
to the presence of a massive number of hypothesis tests.
Further confirmatory research studies are needed.

In conclusion, iMAR-applied, linearly blended
polychromatic images with low weighting factors (P.o.i
and Po) improved image quality compared to iMAR-
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applied monochromatic images in patients with total knee
arthroplasty. If DECT is available, we would recommend
obtaining both P.o3 and Poi, because P substantially
decreases metal artifacts and increases visibility of the
bone-metal interface, and Py provides a good CNR along
with considerable metal artifact reduction.
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