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A B S T R A C T

Purpose: We determined whether the Smart MAR metal artifact reduction tool - a three-stage, projection-based,
post processing algorithm - improves subjective and objective image quality and diagnostic confidence in pa-
tients with dental artifacts and suspected head and neck pathology compared to standard adaptive statistical
iterative reconstructions (ASIR V) alone.
Method: The study included 100 consecutive patients with nonremovable oral implants or dental fillings and
suspected oropharyngeal cancer or abscess. CT raw data of a single-source multislice CT scanner were post-
processed using ASIR V alone and with additional Smart MAR reconstruction. Image quality of baseline ASIR V
and Smart MAR-based reconstruction series was compared both quantitatively (5 regions of interest, ROIs) and
qualitatively (two independent raters).
Results: Additional Smart MAR reconstruction significantly seems to improve both attenuation and noise ad-
jacent to implants and in more distant areas (all p < 0.001) compared to standard ASIR V reconstructions alone.
Signal-to-noise ratio (SNR; p=0.001) and contrast-to-noise ratio were improved significantly (CNR; p=0.001).
Smart MAR improved visualization of tumor/abscess (detected in 36 of 100 patients, 36%) and representative
oropharyngeal tissue (p < 0.001). In 8 of 36 patients (22%), tumor was only detected in Smart MAR series.
Mean total DLP was 506.8mGy*cm; average CTDIvol was 5.5 mGy.
Conclusions: The supplementary use of the Smart MAR post-processing tool seems to significantly improve both
subjective and objective image quality as well as diagnostic confidence and lesion detection in CT of the head
and neck. In 22% of cases, the tumor was detected only in Smart MAR reconstructed images.

1. Introduction

Since the early days of computed tomography (CT), metal artifacts,
including those caused by osteosynthetic or dental material, have re-
duced image quality and hence degraded the diagnostic yield of CT
scans. Such artifacts are especially common in the oral cavity, where

different types of metallic implants can cause a variety of surrounding
artifacts and thus impair diagnostic accuracy by obscuring smaller soft
tissue abnormalities such as tumors or inflammatory processes as well
as bone invasion or erosion.

There are at least three important types of artifacts that can be
caused by metal implants: beam hardening, photon starvation, and
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scatter artifact [1].
Besides increasing tube current and lowering kV and peak voltage,

metal-related artifacts can be reduced on conventional CT scanners to
some extent by using different types of image reconstruction algorithms
such as iterative and projection-based approaches [1–4] or dual-energy
techniques [5–7]. Projection-based algorithms in patients with head
and neck tumors report a significant reduction of metal artifacts and
improved evaluation of head and neck soft tissues compared to iterative
reconstructions alone [2,3,8,9].

The purpose of the present study was to investigate whether new
metal artifact reduction software (Smart MAR) improves subjective and
objective image quality and diagnostic confidence in patients with
metallic oral implants undergoing head and neck CT for suspected pa-
thology (new tumor, recurrent tumor after surgery, abscess) compared
with standard adaptive statistical iterative reconstruction (ASIR V)
alone.

2. Material and methods

2.1. Patients and study design

One hundred consecutive patients with metallic oral implants
scheduled to undergo a clinically indicated CT scan for known or sus-
pected head and neck pathology (tumor, abscess) were included in this
prospective study. Patients were recruited consecutively from routine
clinical cases of a single center over a period of six months (see Fig. 1).
Eligibility criteria were 1) age of> 18 years, 2) clinical indication for a
CT of head and neck, 3) presence of oral metal artifacts (caused by
nonremovable prosthesis, screws, or dental fillings), and 4) CT protocol
including postprocessing reconstruction with both Smart MAR and
ASIR V. Exclusion criteria were 1) contraindication to CT and contrast
agent administration (e.g., allergy to iodinated contrast agent, hy-
perthyroidism, impaired renal function with serum creatinine>1.3
mg/dl).

Image quality of the Smart MAR-based reconstruction series was
evaluated both quantitatively (in 5 regions of interest (ROIs) and qua-
litatively (two independent raters) and compared standard ASIR V.

The local ethics committee approved the study, and written in-
formed consent was obtained.

2.2. CT scan parameters

All CT scans were acquired on a 64-row multislice CT scanner
(MSCT; Revolution Evolution, GE Healthcare, Milwaukee, WI, USA)
using a single-source x-ray tube with the following scan parameters:
collimation 64× 0.625mm; rotation time 0.4 s; pitch 0.9; 120 kV;
variable mAs adjusted to the patient’s body mass index.

The head and neck scans were acquired after injection of 120ml
contrast agent (Ultravist 370, Bayer, Leverkusen, Germany) via the
peripheral veins at a rate of 3ml/s in split-bolus technique to achieve
optimal contrast between soft tissues, tumor and of veins and arteries:
First bolus of 80ml (flow 3ml/s; 27 s) followed by first saline flush
(63ml; 0.7 ml/s; 90 s), second bolus of 40ml (3ml/s; 13 s) after 120 s,
and final saline flush (40ml; 3 ml/s; 13 s). The head and neck scan was
acquired 150 s after start of the first bolus injection.

2.3. CT image reconstruction

Standard adaptive iterative reconstruction (ASIR V, GE Healthcare,
Milwaukee, WI, USA) was applied with identical settings in both re-
construction series. From the acquired CT raw data, the Smart MAR
postprocessing tool (GE Healthcare, Milwaukee, WI, USA) auto-
matically generates additional projection-based, reconstructed images
in three steps: First, corrupted areas in the projection corresponding to
metal are identified, and metal traces are segmented from the sinogram.
Second, inpainted data are generated by interpolation and replace
metal-corrupted projections where the metal sinogram is blended out. A
corrected version is generated using forward projection of the classified

Fig. 1. Flow chart of study design.
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image. In the third step, the final corrected projection is generated
using both original projection data and the inpainted projections [10].
Projection-based algorithms from all known manufacturers appear to be
based on similar mechanisms [9]. However, detailed information on the
(validated) algorithms such as the exact interpolation method or pro-
jection thresholds is not available to users. For standard and additional
Smart MAR series, thin (0.625mm) and thick (3.75mm) axial slices and
2.0 mm coronal and sagittal reconstructions were generated.

2.4. CT image analysis

Image quality of the routine ASIR V CT datasets (referred to as
standard series) and additional Smart MAR reconstructions was

evaluated quantitatively and qualitatively using our institution´s pic-
ture archiving and communication system (PACS) workstation
(Centricity Radiology RA1000; GE Medical Systems).

2.5. Quantitative image analysis

The mean CT number (in Hounsfield units, HU) and standard de-
viation (SD (i.e., image noise) were recorded in circular ROIs. ROIs
were placed in exactly the corresponding standard and Smart MAR
series (3.75mm slice thickness, Fig. 1) including an area of maximum
streaking/beam hardening artifact within the particular structure with
the assumption that this would best reflect the extent of metal artifact
[8,11,12]: ROI1, tumor or, if no tumor apparent, area of tongue; ROI2,
ipsilateral internal jugular vein (IJV); ROI3, ipsilateral sternocleido-
mastoid muscle; ROI4, fat; and ROI5, surrounding air for noise. ROIs
were as large as possible and identical in shape. ROIs2-5 were positioned
ipsilateral to the site of the tumor or metal implant. ROI6 was drawn in
the intraoral soft tissue within 1 cm distance from the implanted metal
in the image subjectively most affected by artifacts.

Signal-to-noise ratio (SNR) was defined using the following formula:
SNR=ROI1/SDROI5. Contrast-to-noise ratios (CNRs) were calculated
using following, established formula: CNR = (ROI1 – ROI2 or 3) / ROI5
(or background noise) [13,14]. CNRs were calculated for and IJV as
well as tumor/tongue and sternocleidomastoid muscle, respectively.

2.6. Qualitative image analysis

Two radiologists (13 and 4 years of experience in reading head and
neck CT scans), reviewed the two series of datasets independently, in
random order and blinded to the presence of significant pathology (i.e.,
tumor or abscess) and information on patient history. The axial slices
with the most severe artifacts were compared with the corresponding
slices. Axial slices were evaluated in the soft tissue window, which
could be adapted (standard level, 40; width, 350). Overall image
quality was evaluated on a five-point Likert scale (see below).
Furthermore, axial slices were divided into rostral and occipital areas
by a line connecting the left and right occipital mandibular rami (see
Fig. 2).

The following features were evaluated subjectively and in-
dependently: qualitative noise (ranging from 1 = unacceptable to 5 =
minimal), soft tissue contrast (1 = very poor,…, 5 = excellent), vi-
sualization of small structures (1 = unacceptable,…, 5 = excellent),

Fig. 2. Thin yellow lines outline the regions of interest (ROIs) placed for objective image analysis: ROI1, (polygonal) area of tumor or, if no tumor apparent, area of
tongue tissue; ROI2, ipsilateral internal jugular vein; ROI3, ipsilateral sternocleidomastoid muscle; ROI4, fatty tissue; and ROI5, surrounding air for measuring
background noise. In both series, ROIs were as large as possible and were identical in shape and area. For subjective image evaluation by two readers using a Likert
scale, axial slices were additionally divided into rostral and occipital areas (thick yellow line).

Table 1
Patient characteristics, CT findings, and radiation doses. A total of 100 CT scans
of the head and neck were analyzed, including 63 examinations for suspected
pathology or pretherapeutic workup and 37 follow-up examinations after sur-
gery or radiation/chemotherapy. Official target values according to Bundesamt
für Strahlenschutz, June 2016 [16].

Mean age (years) 67 (SD 4,2)
Male/female sex 67/33 (♀33%)
Detected tumors (including initial scans and follow up) 36 of 100 (36%)
Squamous cell cancer 32 (89%)
• Nasopharynx 3 (8%)
• Oropharynx 24 (67%)
• Hypopharynx 6 (17%)

Adenocarcinoma (1 submandibular gland, 2 thyroid gland) 3 (8%)
Abscess 1 (1% of all scans)
Follow-up examinations 37 of 100 (37%)
• Recurrence 1 (3% of follow ups)
• New tumor 2 (5% of follow ups)
• Initial tumor in oropharynx 27 (73%)
• Initial tumor in hypopharynx 7 (19%)
• Other initial tumor 3 (8%)

Detected tumors only in Smart MAR reconstructions 8 of 36 tumors;
22%)

Additonal MRI examination (number of cases)
• In period of 8 weeks after CT scan 7 (7%)
• In period of 8 weeks before CT scan 7 (7%)
• Deviation MRI / CT report none

Dose Official target value, July
2016

Mean (SD)

CTDIvol head/neck [mGy] 15 5.5 (SD 1.1)
CTDIvol thorax [mGy] 10 8.5 (SD 1.3)
DLP total [mGy*cm] 680 (330+350) 506.8 (SD 116.2)
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visualization/delineation of suspicious lesions (1 = mimicking artifact,
…, 5 = very conspicuous lesion with well-visualized margins), extent
of artifacts (1 = major streak artifacts,…, 5 = no artifact) and diag-
nostic confidence, defined as improved lesion detection (1 = not con-
fident,…, 5 = very confident). The distribution and volume of metal

artifacts were evaluated subjectively using a four-point rating scale:
3=extensive (> 75% bridges, multiple pin implants), 2=moderate
(25–75% implant bridges and/or> 5 pin.), 1=minimal (< 25% im-
plant bridge and/or< 5 pin implants) and 0=no artifacts.

Table 2
Nonparametric results of quantitative, ROI-based analysis in Hounsfield units (HU), median and interquartile range (IQR= third quartile (Q3) – first quartile (Q1)).
P-values obtained by nonparametric Wilcoxon signed-rank test. ROI, region of interest; SD, standard deviation; SNR, signal-to-noise ratio; CNR, contrast-to-noise
ratio. After Bonferroni correction of alpha level α`= 0.002, only p-values< 0.002 indicate statistically significant differences.

n= 100 Standard (ASIR V) Smart MAR P value

ROI1 (tumor/tongue) 93, IQR 46 88, IQR 46 0,001
SD ROI1 (tumor/tongue) 31, IQR 18 27, IQR 12 <0.001
ROI2 (ipsilateral IJV) 254, IQR 96 253, IQR 100 0.024
SD ROI2 (ipsilateral IJV) 18, IQR 8 18, IQR 6 0.118
ROI3 (ipsilateral sternocleidomastoid muscle) 67, IQR 20 65, IQR 21 0.908
SD ROI3 (ipsilateral sternocleidomastoid muscle) 13, IQR 5 12, IQR 4 0.037
SD ROI4 (ipsilateral fat) 16, IQR 8 15, IQR 8 0.031
SD ROI5 (air) 13, IQR 19 12, IQR 7 <0.001
HU ROI6 (adjacent to artifact) 175, IQR 218 105, IQR 72 <0.001
SD HU ROI6 (adjacent to artifact) 156, IQR 288 53, IQR 88 <0.001
SNR 7.4, IQR 7.6 7.9, IQR 6.2 0.001
CNR (air, IJV) 12.6, IQR 13.0 14.1, IQR 12.4 0.001
CNR (air, sternocleidomastoid muscle) 2.2, IQR 2.8 2.3, IQR 3.6 0.148

Table 3
Results of qualitative analysis by two readers using a 5-point Likert scale (1 worst, 5 best), results expressed both in mean ± standard deviation (SD) and median and
interquartile range (ordinal scale, non-parametric; IQR= third quartile (Q3) - first quartile (Q1)). Results from non-parametric Wilcoxon signed-rank test. Values are
means based on the ratings of both readers. Interrater agreement analyzed by Cohen´s kappa was κ > 0.56 for rostral regions and κ > 0.41 for occipital regions with
a p-value of< 0.001 for both rostral and occipital regions.

N=100 Standard (ASIR V) Smart MAR p value=

Noise 1.7 ± 0.6 2 IQR 1 2.8 ± 0.5 3 IQR 0.5 <0.001
Occipital 2.8 ± 0.5 3 IQR 0.5 3.8 ± 0.5 4 IQR 0.5 <0.001
Contrast 1.3 ± 0.5 1 IQR 0 2.6 ± 0.5 3 IQR 1 <0.001
Occipital 2.8 ± 0.6 3 IQR 1.4 3.8 ± 0.6 3 IQR 1.4 <0.001
Small structures 1.2 ± 0.6 1 IQR 0 2.5 ± 0.5 2.5 IQR 1 <0.001
Occipital 2.9 ± 0.6 3 IQR 0.5 3.9 ± 0.7 4 IQR 1 <0.001
Suspected lesion 1.4 ± 0.9 1 IQR 0 2.8 ± 0.8 3 IQR 1 <0.001
Occipital 3.1 ± 0.9 3 IQR 1.5 4.5 ± 0.6 4.5 IQR 1 <0.001
Artifacts 1.3 ± 0.8 1 IQR 0 2.5 ± 0.8 2 IQR 1 <0.001
Occipital 3.2 ± 0.8 3 IQR 0.9 4.4 ± 0.5 4.5 IQR 1 <0.001
Diagnostic confidence 1.5 ± 0.9 1 IQR 0.5 2.7 ± 0.9 2.5 IQR 1 <0.001
Occipital 3.9 ± 0.6 4 IQR 0 4.8 ± 0.4 5 IQR 0 <0.001

Fig. 3. Boxplot of the results of qualitative analysis using a 5-point Likert scale (1 worst, 5 best) for assessment of five parameters and overall diagnostic confidence.
Median values, interquartile ranges (boxes), and ranges (whiskers) are snown. Blue: ratings for standard ASIR V datasets. Green: ratings for Smart MAR datasets.
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2.7. Dose analysis

Radiation doses in terms of dose-length products (DLP) and com-
puted tomography dose indices (CTDIvol) were taken from dose pro-
tocols.

2.8. Statistical analysis

Statistical analysis was performed using SPSS 24.0 software (SPSS,
Chicago, IL, USA). Nonparametric (tested by Shapiro Wilk test), con-
tinuous variables are provided as median +/- interquartile range (IQR).
Differences in all objective image quality parameters (median and IQR)
were analyzed using the nonparametric Wilcoxon signed-rank test.
Subjective image quality was analyzed by averaging the two 5-point
Likert scores and using the nonparametric Wilcoxon signed-rank test;
results are provided both as mean +/- standard deviation (SD) and
median and IQR [15]. Interrater agreement was analyzed by Cohen's
kappa (κ) analysis (coefficient interpretation: κ: 0.21− 0.40 = fair,
0.41− 0.60 = moderate; 0.61− 0.80 = substantial; κ: 0.81− 1.0 =
almost perfect agreement) [16]. A p-value less than 0.05 was con-
sidered to indicate a statistically significant difference.

The given alpha value (α=0.05) were adjusted using Bonferroni
correction for multiple comparison of several (in our case n= 25)
statistical tests. Multiple alpha (α`) was set to α`= α/25= 0.002 [17].
All p values are reported in the text are reported without Bonferroni
correction.

3. Results

3.1. Patient data and scan parameters

The 100 study patients (67 male, 33 female) had a mean age of 67
(± 4.2) years. A tumor was identified in 36, an abscess in one of the 63
patients who underwent CT before treatment. The remaining 37 CT
scans were follow-up examinations after surgery and/or radio-
chemotherapy and revealed recurrent tumor in one case (Fig. 4) and a
new tumor in two patients (for details see Table 1).

The mean dose-length-product (DLP) of the entire scan (head and
neck region and chest) was 506.8 mGy*cm; the average CT dose index
(CTDIvol) was 5.5 mGy for the head and neck region.

3.2. Quantitative analysis

In axial reconstructions, ROI-based analysis showed the highest at-
tenuation in ROI6, directly adjacent to the most severe artifacts; noise
was also highest in these regions (see Table 2). As mentioned above,
multiple alpha was set to α`= α/25=0.002. Except for ROI2, SD ROI4
and SD ROI3, p-values showed significant p-values even after adjust-
ment of α-level. Both median attenuation and noise were significantly
lower in the Smart MAR reconstructions (ROI6: 175 HU, IQR 320-102
vs. 105, IQR 143-71 with MAR, p < 0.001). Comparison of the results
for tumor or representative tongue tissue revealed significant differ-
ences with Smart MAR images showing lower attenuation and noise
compared to ASIR V reconstructions (Table 2, ROI1 /SD, p=0.001).
Significantly lower values for standard deviation were also found in
ROI5 (background noise) with p < 0.001. A statistically significant
increase in SNR (p=0.001, median of 7.4–7.9, SNR 6% higher with

Fig. 4. Examples (SL, 3.75mm; CE, 120ml (split bolus 80/40ml, 3ml/s); soft tissue and bone window).
Example 1 (A–E): 38-year-old female, follow-up after tumor resection. Patient presenting with swelling, arrows indicate tumor mass. Histology: invasive SCC, TNM
pT1 pN0 G2 R0 L0 V0. Arrows indicating tumor: A) tumor obscured in standard reconstruction, B) tumor unmasked in MAR images, C) MRI showing osteolytic
tumor, (D,E) bone windows of same patient.
Example 2 (F, G): 68-year-old male, clinical suspicion of head and neck cancer. Arrows indicate enhancing tumor at the right mandible, not clearly visible in standard
CT (F), but unmasked in MAR series (G). Histology: invasive SCC of right mandible, cT4a cN0 cM0 G2.
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Smart MAR) and CNR including attenuation of IJV (p=0.001, 11%
increase) was detected. No difference was found for attenuation and
standard deviation of ROI3 and CNR including ROI3 (sternocleidomas-
toid muscle).

3.3. Qualitative analysis

There was excellent interrater agreement regarding the assessment
of the distribution and volume of implant artifacts (Cohen´s kappa,
κ=0.9, p < 0.001): n=56 (Rater 1, 56%)/ n=58 (Rater 2, 58%) with
regard to extensive artifacts, n=27 (Rater 1, 27%)/n= 25 (Rater 2,
25%) for moderate artifacts and n=17 (for both raters, 17%) for

minimal artifacts. The subjective evaluation of the artifacts differed
only in 4 cases between the two raters. More than half of the scans were
degraded by massive artifacts (56%/58%), 83% showing moderate to
massive artifacts.

No rater found complete failure of Smart MAR or considerable in-
duction of new artifacts. Regarding all six features assessed qualita-
tively using a Likert scale (noise, contrast, visualization of small
structures and of tumor/tongue, extent of artifacts, and overall diag-
nostic confidence for ruling out/identifying lesions), the Smart MAR
reconstructions received significantly higher ratings (all p < 0.001),
even after correction of α level to α`=0.002 (see Table 3 und Fig. 3).

Even in the subgroup of 54 patients with high-grade artifacts, all six

Fig. 5. Examples 3 and 4 (SL, 2.0mm; CE,
120ml (split bolus 80/40ml, 3 ml/s); soft
tissue kernel).
Fat arrows indicating tumor mass in both ex-
amples.
Example 3 (A–D): 76-year-old male, initial di-
agnosis of invasive SCC, pT2 pN0 G2 R0 L0 V0
G2, right lower mandible. Fat arrows in-
dicating tumor mass both in axial and 2D re-
constructions. In Smart MAR reconstructed
images (B, D) image quality is still affected by
persisting artifacts, but detection of tumor
margins and evaluation of soft tissues as
tongue or vessels (thin arrow) is improved.
Example 4 (E, F): 59-year-old male, initial di-
agnosis of invasive SCC, pT4a pN2b cM0 R0.
Arrows indicate enhancing tumor mass, parts
of tumor unmasked in MAR reconstructed
image (F).
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items including diagnostic confidence were significantly improved by
Smart MAR (all p < 0.001). In eight patients presenting with tumor/
abscess in CT (22%), tumor was only detectable in the Smart MAR-
reconstructed images, see examples presented in Figs. 4 and 5.

Interrater agreement, as assessed by Cohen’s kappa, was moderate
(for rostral areas adjacent to artifacts all κ > 0.56 versus κ > 0.41 for
occipital areas; p-values< 0.001).

4. Discussion

The purpose of the present study was to investigate whether the
new, commercially available Smart MAR tool, a projection-based metal
artifact reduction algorithm, improves image quality and diagnostic
confidence in patients with metallic oral implants undergoing CT
scanning for suspected head and neck pathology.

Our results indicate that objective image quality parameters differ
significantly for CT images reconstructed using Smart MAR in addition
to standard (iterative) reconstruction. Attenuation and SD of tumor and
adjacent soft tissues (as potential correlate of decreased artifacts and
noise) were reduced. Furthermore, we found lower SD values for sur-
rounding air as an indicator of reduced background noise (about 30%
reduction). SNR and CNR seemed to benefit from Smart MAR applica-
tion even after adjustment of alpha level.

The improvement of objective parameters of image quality is con-
firmed by studies of comparable projection-based MAR algorithms. O-
MAR algorithm reduced noise, mean attenuation and SD or, as we could
show it for Smart MAR in head and neck region, reduce streak artifacts
in patients with orthopedic implants [11,18,19].

For evaluation of artifacts, however, these objective parameters
should be interpreted with caution because lower median attenuation
or standard deviation in ROIs as well as higher SNR/CNR are also
consistent with heterogeneous artifacts (e.g., white and black streaks)
adjacent to implants. For this reason, our objective results may simply
indicate a different distribution of artifacts rather than improved image
quality.

Nevertheless, the trends suggested by objective evaluation are
supported by our subjective, rater-based results. All investigated para-
meters were rated higher after reconstruction using the Smart MAR
algorithm (p < 0.001) in both rostral and occipital regions. Smart
MAR significantly improved diagnostic confidence in areas adjacent to
implants (1.5 SD 0.9–2.7 SD 0.9, p < 0.001). Even in a subgroup of 54
patients with the most extensive streak artifacts, ratings for Smart MAR
reconstructions were significantly higher (all p < 0.001).

New MAR techniques are often compared with simple reconstruc-
tion algorithms [1], whereas ASIR V (our baseline reconstruction) is the
newest reconstruction algorithm with excellent image quality [13,20].
Iterative or projection based reconstructions often yield superior image
quality, but many studies were carried out only in phantoms or in CT
for radiation planning [21–23].

The significant clinical value of Smart MAR reconstruction for head
and neck CT is underlined by the fact that in our study in 22% of cases
tumor was only detectable in the Smart MAR series. As well as Smart
MAR, use of O-MAR or other comparable and projection-based MAR
algorithm (SEMAR) allowed improved depiction of obscured structures
in areas previously obscured by metal artifacts [24,25].

Unfortunately, as it was shown for other MAR techniques, artifacts
persist directly adjacent to metal implants and severely degrade diag-
nostic image quality in these areas [12]. Although induction of new
artifacts or underestimation of implant size was not evaluated in our
study, no rater described complete failure of MAR software or con-
siderable induction of new artifacts. As induction of new artifacts by
MAR algorithms is a topic [2,4,19,24], this issue should be investigated
further in future studies.

Comparison of our findings with recent results obtained with MAR
algorithms for dual-source CT scans is difficult due to the fundamen-
tally different technologies underlying artifact reduction. Nevertheless,

some studies show a positive effect of iterative postprocessing also for
DE-CT datasets [12]. Anyway, recent investigators see the future of
MAR in combining DE-CT with state-of-the-art reconstruction algo-
rithms [1].

As a post-processing algorithm, use of Smart MAR requires no ad-
ditional radiation exposure, mean radiation dose of Smart MAR re-
constructed CT datasets was comparatively low. For an ultra-low-dose
scan of the head and neck region mean radiation dose was
7.27 ± 0.93mGy per slice, which is approximately 32% higher than in
our study [26]. No image transfer or manual processing was necessary
after initial adjustments (pitch of 0.9), distinguishing Smart MAR from
other MAR algorithms [19,27].

Some further limitations of the present work should be mentioned.
First, as it was shown in other studies, different visual appearance of
reconstructed series precludes full blinding and might have biased
subjective rating. Second, we did not take the heterogeneous material
of metal implants into account and rated only the extend of artifacts,
what might have biased the results.

Interesting topics of further research might be the comparison of the
Smart MAR with other promising MAR algorithms in single and dual
source CT and use in CT for evaluation of orthopedic implants.

5. Conclusions

Even when heavy artifacts are present, the supplementary use of the
Smart MAR post-processing tool seems to significantly improve both
subjective and objective image quality as well as diagnostic confidence
and lesion detection in CT of the head and neck. Tumor detection was
22% higher in Smart MAR reconstructed images.
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