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ORIGINAL RESEARCH
HEAD & NECK

MSVAT-SPACE-STIR and SEMAC-STIR for Reduction of Metallic

Artifacts in 3T Head and Neck MRI

T. Hilgenfeld, ““M. Prager, ““'F.S. Schwindling, “M. Nittka, “*'P. Rammelsberg, ““’M. Bendszus, **'S. Heiland, and “*A. Juerchott

ABSTRACT

BACKGROUND AND PURPOSE: The incidence of metallic dental restorations and implants is increasing, and head and neck MR imaging
is becoming challenging regarding artifacts. Our aim was to evaluate whether multiple-slab acquisition with view angle tilting gradient
based on a sampling perfection with application-optimized contrasts by using different flip angle evolution (MSVAT-SPACE)-STIR and
slice-encoding for metal artifact correction (SEMAC)-STIR are beneficial regarding artifact suppression compared with the SPACE-STIR and
TSE-STIR in vitro and in vivo.

MATERIALS AND METHODS: At 3T, 3D artifacts of 2 dental implants, supporting different single crowns, were evaluated. Image quality
was evaluated quantitatively (normalized signal-to-noise ratio) and qualitatively (2 reads by 2 blinded radiologists). Feasibility was tested in
vivo in 5 volunteers and 5 patients, respectively.

RESULTS: Maximum achievable resolution and the normalized signal-to-noise ratio of MSVAT-SPACE-STIR were higher compared
with SEMAC-STIR. Performance in terms of artifact correction was dependent on the material composition. For highly paramagnetic
materials, SEMAC-STIR was superior to MSVAT-SPACE-STIR (27.8% smaller artifact volume) and TSE-STIR (93.2% less slice distortion).
However, MSVAT-SPACE-STIR reduced the artifact size compared with SPACE-STIR by 71.5%. For low-paramagnetic materials,
MSVAT-SPACE-STIR performed as well as SEMAC-STIR. Furthermore, MSVAT-SPACE-STIR decreased artifact volume by 69.5%
compared with SPACE-STIR. The image quality of all sequences did not differ systematically. In vivo results were comparable with

in vitro results.

CONCLUSIONS: Regarding susceptibility artifacts and acquisition time, MSVAT-SPACE-STIR might be advantageous over SPACE-STIR for
high-resolution and isotropic head and neck imaging. Only for materials with high-susceptibility differences to soft tissue, the use of
SEMAC-STIR might be beneficial. Within limited acquisition times, SEMAC-STIR cannot exploit its full advantage over TSE-STIR regarding
artifact suppression.

ABBREVIATIONS: CCT-T = porcelain-fused-to-metal nonprecious alloy crown with titanium implant; MAVRIC = multiacquisition with variable resonance image combi-
nation; MSVAT-SPACE = multiple-slab acquisition with view angle tilting gradient based on SPACE; nSNR = normalized SNR; SEMAC = slice-encoding for metal artifact
correction; SPACE = sampling perfection with application-optimized contrasts by using different flip angle evolutions; Z-T = monolithic zirconia crown with titanium implant

R imaging has become a widely used technique for the head
and neck area. Image quality, however, it is often impaired
by metallic dental restorations and implant-supported prosthe-
ses." MR image quality is affected by dental metals spoiling the
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homogeneity of the static magnetic field (B,)* and by eddy cur-
rents in response to alternating gradients and radiofrequency
magnetic fields.*” In the elderly, besides dental restoration
materials, metallic implants and their crowns are a major source of
artifacts. In Germany for instance, the prevalence of dental implants
has increased 10-fold compared with 1997,° which is caused by an
increased patient life expectancy and a broadening of implant indi-
cations. Therefore, artifact reduction has become increasingly im-
portant in head and neck imaging.

To address the decreased image quality due to metallic implants,
several sequences for metal artifact reduction were developed such
as view angle tilting, slice-encoding for metal artifact correction
(SEMAC), multiacquisition with variable resonance image combi-
nation (MAVRIC; GE Healthcare, Milwaukee, Wisconsin), the
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Parameters of all sequences

Readout Slice-Encoding
Voxel Bandwidth Steps or Time
Sequence TR/TE (ms) Size (mm) FOV (mm) Matrix (Hz/Px) Slices Oversampling (%) VAT (min:sec)
SPACE-STIR 2500/131 0.55 X 0.55 X 0.55 140 X 124 256 501 72 55.6 No 14:02
MSVAT-SPACE-STIR ~ 2500/199  0.55 X 0.55 X 0.55 140 X 84 256 528 72 55.6 Yes 06:04
TSE-STIR 5100/44 0.59 X 0.59 X 1.5 150 X 150 256 592 25 No No 03:36
SEMAC-STIR 5100/45 0.59 X 0.59 X 1.5 150 X 150 256 592 25 4 Yes 06:19

Note:—VAT indicates view angle tilting.

multiple-slab acquisition with view angle tilting gradient based on a
sampling perfection with application-optimized contrasts by using
different flip angle evolutions (SPACE) sequence (MSVAT-SPACE;
Siemens, Erlangen, Germany), and combinations of these techniques
such as MAVRIC-SEMAC.”"'? These new techniques for artifact re-
duction were predominantly developed and tested for orthopedic
and neurosurgical applications.''* Until now, little attention has
been paid to the head and neck area. Moreover, results of previous
studies are of limited transferability because the amount of material,
shape, and materials is different in the head and neck area compared
with orthopedic or neurosurgical implants, and all these characteris-
tics influence artifact size.

The combination of these pulse sequences with STIR-based fat
suppression, as the most reliable fat-suppression technique in the
presence of B, inhomogeneities,'> might be beneficial in cases
with metallic dental materials and suspected osteomyelitis (eval-
uation of bone marrow edema), head and neck tumors (defining
tumor margins), or injury of the inferior alveolar nerve (evalua-
tion of nerve signal intensity).'® Furthermore, previous studies
focused on the maximum achievable reduction of artifacts and an
ideal comparison of pulse techniques (identical imaging parame-
ters) at the expense of long acquisition times. This focus severely
limits the implementation in routine protocols, especially because
the head and neck area is extremely sensitive to motion artifacts
due to breathing and swallowing. Therefore, we aimed to in-
vestigate how well these techniques perform within a limited
acquisition time in the presence of commercially available den-
tal implants with supported prostheses compared with stan-
dard sequences. To reach this goal, the main tasks were the
following:

1) Quantify and compare metal-induced artifact volumes (sig-
nal loss and pileup) for 2 commercially available implant-sup-
ported prostheses using anisotropic (TSE-STIR, SEMAC-STIR)
and isotropic (SPACE-STIR, MSVAT-SPACE-STIR) sequences

2) Compare image quality of all sequences qualitatively and
quantitatively

3) Test the feasibility of all sequences in 5 volunteers with
metallic dental materials and the sequence providing the best
trade-off among artifact reduction, resolution, and image quality
in 5 patients.

MATERIALS AND METHODS

MR Imaging and Sequences

A 3T MR imaging system (Magnetom Trio, a Tim system; Sie-
mens), a 16-channel multipurpose surface coil (Variety; NORAS
MRI Products; Hochberg, Germany) for the in vitro experiments,
and a 15-channel surface coil (Mandibula; NORAS MRI Prod-
ucts) for the in vivo measurements were used.

The SEMAC prototype sequence applies additional phase-
encoding steps in the slice direction to correct for distortions
of the excited slice profile'” and also incorporates view angle
tilting to correct for in-plane distortions.'' The MSVAT-
SPACE prototype sequence uses slab-selective excitation and
refocusing radiofrequency pulses that allow interleaved mul-
tislab acquisitions.'®

Because we aimed for both short acquisition times that allow
clinical application and maximum artifact reduction of each spe-
cific sequence, individual sequence optimization ended with dif-
ferences in sequence parameters but an identical, relatively short
acquisition time. First, MSVAT-SPACE-STIR and SEMAC-STIR
were optimized for artifact reduction in the presence of implants
(eg, by changing the voxel size, readout bandwidth, slice oversam-
pling, and number of slice-encoding steps). Second, the SNR was
optimized for these 2 sequences (eg, by changing the turbo factor
or number of averages). Third, standard sequences (SPACE-
STIR, TSE-STIR) with imaging parameters as similar as possible
to MSVAT-SPACE-STIR and SEMAC-STIR were implemented
for comparison. Spectral coverage for off-resonance frequencies
was slightly lower for MSVAT-SPACE-STIR (*2 kHz) than for
SEMAC-STIR (#2.8 kHz). Due to restrictions in the prototype
sequences, the bandwidths of inversion and excitation could
not be perfectly matched (MSVAT-SPACE-STIR, 1/1.4 kHz;
SEMAC-STIR, 1.72/1.4 kHz). For a reduction in scanning time, a
generalized autocalibrating partially parallel acquisition was
used in all sequences, and partial Fourier, for SPACE-STIR and
MSVAT-SPACE-STIR. For SEMAC-STIR and TSE-STIR, a flip
angle of 150° was used. Relevant parameters of all sequences
are shown in the Table.

Evaluation of Artifact Volume

Besides the sizes and shape of materials, their magnetic suscepti-
bility heavily influences the artifact volume. Schenck® classified 3
groups of materials because of their differences in magnetic sus-
ceptibility. To cover the worst- and best-case scenarios in a real-
istic setting, we used 2 commercially available implant-supported
single crowns for the evaluation of artifact suppression. The single
crowns of both prostheses were made of porcelain-fused-to-metal
nonprecious alloy (CCT-T) and monolithic zirconia (Z-T), re-
spectively. The CCT-T crown consisted of Cobalt (61%), Chrome
(28%), and Tungsten (11%) and belongs to group 1, predicting
large artifacts. In contrast, the crown of the Z-T sample consisted
of Zirconia (92%) and belongs to group 3, resulting in no or only
minimal artifacts. The implant body, abutment, and abutment
screw of both implants were made of Titanium (diameter X
length: 4.3 X 10 mm [CCT-T], 4.3 X 13 mm [Z-T]; Nobel-
Replace; Nobel Biocare, Zurich, Switzerland).
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Both samples were embedded in a mixture of semisynthetic fat
(58.8%), water (40%), and macrogol-8-stearate (1.2%). Artifact
volume (signal loss and pileup artifacts) was determined by a
semiautomatic threshold-based process with AMIRA 3D software
(FEI Hillsboro, Oregon) as described before.'® Quantification of
pileup artifacts was performed to serve as an indicator for slice
distortions. In vitro results were compared with measured artifact
areas in vivo in 5 volunteers with metallic dental materials. For
each volunteer, the maximum artifact area was determined in 1
slice 3 times by 2 readers (reader 1 twice, reader 2 once). The
results were averaged.

Qualitative Image Review

For analysis of image quality and to test the sequences in a realistic
setting, we performed ex vivo measurements in 2 fresh porcine
heads with inserted implant samples. For preparation of the im-
plant site in the anterior section of the mandible, a pilot drill, 1.5
mm in diameter, and spiral drills, 2.8 and 3.5 mm in diameter,
were used. Both implants were tested consecutively in both
porcine heads. Positioning of the longitudinal axis of the im-
plants, porcine teeth, and surface coil was like that in the in
vivo situation. Two radiologists (both with 4 years’ experience
in head and neck imaging) independently assessed all images of
the 2 porcine heads twice, with an interval of 2 months to
exclude learning bias. Both readers were blinded to the type of
sequence. Both observers were asked to identify 8 different
anatomic structures of the mandible (cortical bone, trabecular
bone, lamina dura, tooth root, pulp chamber, apical foramen,
periodontal space, and enamel/dentin). A 5-point scale was
used to assess the visibility of anatomic structures as described
before.® For visualization of anatomic structures, grade 5 indi-
cated that the anatomic structure was not visible; grade 4, that
<25% of the anatomic structure was visible; grade 3, visualiza-
tion of 25%-50%; grade 2, visualization of 50%-75%; and
grade 1, visualization of >75%.

Evaluation of motion artifacts in 5 patients was performed at 5
anatomic positions (lymph nodes in lymph node level II, sub-
mandibular gland, maxillary artery, inferior alveolar nerve, and
masseter muscle). Evaluation of motion artifacts was performed
as well on a 5-point scale: 5, anatomic structure not visible; 4,
severe artifacts but contours could be delineated; 3, moderate ar-
tifacts that allow partial visibility of internal structures; 2, minor
artifacts with good delineation of internal structures; and 1, no
artifacts at all.

Quantitative Image Review

A phantom with 4 tubes (CRYO.S; Greiner Bio-One, Fricken-
hausen, Germany) containing water was used for normalized
SNR (nSNR) measurements. Because a phased array radiofre-
quency coil was used, we determined the SNR by calculating the
dynamic noise and the signal within the same ROI from 25 repe-
titions of each sequence.”” Due to the long acquisition time of the
conventional SPACE-STIR and the need for several repetitions of
each sequence, evaluation of SNR in vivo was not possible. ROIs
of 10 mm in diameter were placed manually in each of the 4 tubes
in 1 slice. A Matlab script (MathWorks, Natick, Massachusetts)
allowed copying the ROIs to the same position on MR images of
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all sequences and repetitions. Due to the long acquisition time,
signal drift had to be considered.”' Because signal drift was linear
in all our measurements, we used linear regression to exclude the
bias effects of signal drift. Finally, for a better comparability of
SNR among different sequences, the SNR was normalized to voxel
size and measurement time (nSNR, formula 1):

mean (SNR)
nSNR=——F+——
JT XV

Formula 1: Calculation of normalized SNR; mean (SNR), calcu-
lated SNR within the ROT; T, acquisition time in seconds; V, voxel
volume in cubic millimeters.

Patient and Volunteer Recruitment

This observational, prospective study was approved by the insti-
tutional ethics committee (approval number S-452/2010; Univer-
sity of Heidelberg), and written informed consent was obtained
from all participants. Artifact size of all sequences was evaluated in
5 volunteers with metallic dental materials disturbing the B,. Fur-
thermore, 1 sequence was tested in 5 patients presenting with
various head and neck diseases (osteomyelitis, injury of the infe-
rior alveolar nerve, jaw tumor, and drained abscess in the mandi-
ble), and motion artifacts were analyzed.

Statistical Analysis

Due to multiple comparisons, a 2-way analysis of variance with
pair-wise post hoc Tukey tests was used for comparison of in vitro
artifact volumes using SPSS 22 (IBM, Armonk, New York). Mul-
tiple comparisons of nSNR and in vivo artifact areas among all
sequences for each volunteer were performed using a 1-way
ANOVA with post hoc Tukey tests. Categoric data (visibility
scores of image quality) were analyzed with the Fisher exact test
after dichotomization of the scores into 2 groups (“good visibil-
ity,” scores 1-2 and “unsatisfactory visibility,” scores 3-5). The
Cohen k statistic (k-value) was calculated to determine the inter-
and intrarater agreement of image quality and interpreted as pub-
lished before.>>

RESULTS

In Vitro Analysis

Quantification of artifact volume revealed only minor intrarater
variability (mean, 1.6%; minimum, 0.1%; maximum, 5.5%) and
minor interrater variability (mean, 1.1%; minimum, 0.1%; max-
imum, 2.8%).

Overall, artifact size of the CCT-T sample was significantly larger
compared with the Z-T sample in all tested sequences (P <.001). The
artifact volume of CCT-T was between 9.8 = 1.4-fold (SEMAC-
STIR, 2.7 versus 0.3 mL) and 26.4 * 6.6-fold (SPACE-STIR, 12.9
versus 0.4 mL) larger than the artifact volume of Z-T (Fig 1).

Impact of Sequence Type on Artifact Volume

Comparing all STIR sequences with each other, we found a sig-
nificant decrease of 71.5% = 0.1% in artifact volume in MSVAT-
SPACE-STIR compared with SPACE-STIR for the CCT-T
sample (P < .001) and 69.7% = 5.4% for the Z-T sample (P <
.001, Figs 1 and 2). As a result, in vivo visibility of anatomic
structures in direct proximity to a retainer and a dental filling
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FIG1. Artifact volumes (signal loss and pileup artifacts) of all sequences caused by the CCT-T (A) and the Z-T (B) samples (double asterisks
indicate P = .00T; numbers next to the bars indicate the volume of pileup and signal loss artifacts separately in milliliters). n.s. indicates
not significant.

CCT-T sample ZT-T sample

A SPACE-STIR MSVAT-SPACE-STIR TSE-STIR SEMAC-STIR B SPACE-STIR MSVAT-SPACE-STIR TSE-STIR SEMAC-STIR

FIG 2. 3D rendering of artifacts and source images (blue, signal loss artifacts; red, pileup artifacts) of the CCT-T (A) samples and Z-T (B) samples
for all evaluated sequences.

in the volunteers was improved in MSVAT-SPACE-STIR com-  Evaluation of Image Quality
pared with standard SPACE-STIR (Fig 3). The smallest artifact ~ The nSNR of MSVAT-SPACE-STIR was higher than the nSNR
volumes were observed for TSE-STIR and SEMAC-STIR fol-  of SPACE-STIR (P < .001, SNR increase of 22% * 4.5%; Fig
lowed by MSVAT-SPACE-STIR. In particular, the artifact vol- ~ 4). No significant differences in nSNR were found between
ume of SEMAC-STIR was significantly smaller than the artifact =~ TSE-STIR and SEMAC-STIR. The nSNR of MSVAT-SPACE-
volume of MSVAT-SPACE-STIR for the CCT-T sample (P <  STIR was 4.8 times higher in comparison with SEMAC-STIR
.001; 2.7 versus 3.7 mL) but not for the Z-T sample (P = .974; (P <.001).
0.3 versus 0.2 mL). Interrater agreement for the assessment of image quality in
The amount of pileup artifacts, as an indicator of slice dis-  porcine heads was good (k = 0.67). Intrarater agreement was
tortions, was dependent on the applied sequence type. The  good for the first rater (k-value = 0.77) and excellent for the
proportion between pileup artifact volume and overall artifact ~ second rater (k-value = 0.86). No systematic differences in
volume was lower for SPACE-STIR/MSVAT-SPACE-STIR  image quality were detected between SPACE-STIR and
(mean, 0.007% = 0.0007%/1.3% = 0.004% for the CCT sam-  MSVAT-SPACE-STIR and TSE-STIR and SEMAC-STIR, re-
ple) compared with TSE-STIR/SEMAC-STIR (mean, 7.8% =  spectively (Fig 5). Only the image quality of enamel/dentin was
0.07%/0.99% = 0.04%). SEMAC-STIR significantly reduced  slightly better in TSE-STIR, SPACE-STIR, and MSVAT-
the amount of pileup artifacts on overall artifact size for both ~ SPACE-STIR compared with SEMAC-STIR (P < .05, P <.001,
samples (P < .001). P <.001; Fig 5).
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SPACE-STIR MSVAT-SPACE-STIR

TSE-STIR SEMAC-STIR

FIG 3. Comparison of all 4 STIR sequences in 2 volunteers with metallic dental materials. A, A patient with artifacts caused by a retainer
(signal-loss artifact within dashed lines). B, A volunteer with artifacts caused by an amalgam filling. Note the decrease of artifact sizes in
MSVAT-SPACE-STIR images compared with SPACE-STIR images in both examples. Minor differences can be noted between TSE-STIR and

SEMAC-STIR images, as well.

noted in the in vitro analysis, the smallest

artifact areas were observed for TSE-STIR
and SEMAC-STIR, followed by MSVAT-

Normalized SNR

SPACE-STIR.

Because >30 minutes of acquisition
time would have been needed for the 4
STIR sequences tested in vitro before, it
was not possible to implement all se-
quences in clinical protocols. Because
the visibility scores did not differ sys-
tematically and the results of artifact-re-
duction studies were dependent on the
analyzed material, the nSNR and esti-
mated size of artifacts in each patient
were the decisive factors for sequence se-
lection. Because none of the 5 randomly
selected patients with head and neck pa-

FIG 4. nSNR values of all used sequences. Double asterisks indicate P < .001). n.s. indicates not

significant.

In Vivo Analysis

Finally, all 4 STIR sequences were tested in 5 volunteers with
metallic dental restorations or retainers (Fig 3). When we com-
pared all sequences, the largest artifact areas were observed in
SPACE-STIR (P < .001). Furthermore, MSVAT-SPACE-STIR
significantly reduced the artifact area in all volunteers com-
pared with the SPACE-STIR sequence (P < .001; implant-sup-
ported crown, 35.7% = 1%; retainer 1, 25.2% = 0.3%; retainer
2, 54.3% * 1.2%; metal abrasion, 36.2% * 3.1%; amalgam
filling, 60.4% = 5.8%). The mean artifact reduction of
MSVAT-SPACE-STIR was 42.3% * 14.5% compared with
SPACE-STIR (Fig 3). In contrast, SEMAC-STIR significantly
reduced the artifact area only for 1 volunteer with a retainer
(23.6% = 1.4%; P < .001; Fig 3) compared with TSE-STIR. As
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thologies presented with dental materi-
als known to cause severe artifacts (eg,
retainers), we chose to use MSVAT-
STIR instead of SEMAC-STIR because
of higher resolution, higher nSNR, and
isotropic voxel size (Fig 6). In clinical
application, no or only minor motion
artifacts were observed by both raters
(mean score of motion artifacts of both
raters and all subjects, 1.3 = 0.5; range over all subjects, 1.2 * 0.4
to 1.6 = 0.5).

DISCUSSION

In head and neck imaging, an increasing number of patients are
presenting with metallic implants.® This results in decreased im-
age quality in the head and neck area and can even affect brain MR
images.”” Sufficient image quality, however, is essential, for exam-
ple, for staging oral cavity cancers, detecting injury of the inferior
alveolar nerve, or detecting bone marrow enhancement and
edema in osteomyelitis. Thus, artifact-reduction techniques are
becoming increasingly important for the head and neck area.
Prior studies have evaluated the benefit of artifact-reduction tech-
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FIG5. Mean visibility scores of in vitro images of the 8 anatomic structures in all STIR sequences. The asterisk indicates P = .05; double asterisks,

P = .001

FIG 6. Two patients examined with MSVAT-SPACE-STIR. A, A 25-year-old woman with dys-
esthesia in the right mandible and chin after wisdom tooth extraction in the right mandible
(asterisk indicates the extraction site). Increased signal intensity of the neurovascular bundle
(white solid arrow) compared with the healthy side (white dashed arrow) in curved multi-
plane reconstructions of MSVAT-SPACE-STIR, suggesting nerve damage. Note the small
amount of artifacts around the implant-supported crown (hash tag) and incomplete bone
marrow conversion resulting in bright signal in STIR images on both sides (double asterisks).
B, An 8-year-old child after drainage of an abscess in the right mandible with residual soft-
tissue inflammation in the right lateral gingiva (white arrows in reformatted axial [left]) and
coronal [right]) images).

neck imaging, with special regards to
short acquisition times in vitro and in
vivo.

The MSVAT-SPACE-STIR sequence
revealed a significant artifact reduction
compared with the standard SPACE-
STIR sequence in vivo and in vitro. No
difference in artifact size was noted be-
tween MSVAT-SPACE-STIR and SEMAC-
STIR for materials with lower magnetic-
susceptibility difference compared with
that of soft tissue. For materials with
higher magnetic susceptibility, TSE-
STIR and SEMAC-STIR showed the
smallest artifact volumes. A significant
reduction of distortions was observed by
SEMAC-STIR compared with TSE-
STIR. Combined artifact volume was
not different between SEMAC-STIR and
TSE-STIR in the in vitro analysis. In
contrast, a small but statistically signifi-
cant difference was observed in some
volunteers, indicating a dependency of
the results on material composition and
material size.

Regarding MSVAT-SPACE-STIR, our
results are consistent with the results of
Ai et al,” who reported a reduction of
artifact volume for MSVAT-SPACE in
T1-weighted images at 1.5T when imag-

niques for orthopedic and neurosurgical applications, but little  ing titanium screws. They observed a comparable degree of arti-
attention has been paid to the head and neck area so far. Here, we  fact reduction for titanium by comparing MSVAT-SPACE and
demonstrate the advantages and disadvantages of MSVAT-  conventional SPACE (up to 56% mean reduction in comparison
SPACE-STIR and SEMAC-STIR in high-resolution head and  with 70.5% in our study). However, the authors did not evaluate
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the impact of 3T STIR imaging and, most important, dental res-
torations or implants, which are regularly encountered in clinical
routine.

In contrast, a study by Zho et al** reported an artifact reduc-
tion of 80% by non-STIR SEMAC using a dental crown made of
nickel and chromium. The apparently differing results can be ex-
plained by the difference in the number of slice-encoding steps,
resulting in differences in spectral coverage and artifact volume,
respectively. Higher numbers of slice-encoding steps increase the
spectral coverage and thereby reduce the size of artifacts but in-
crease the acquisition time at the same time. Zho et al used 36
slice-encoding steps in an acquisition time of 29 minutes. Such
long acquisition times are not applicable to in vivo head and neck
imaging because different weightings as well as pre- and postcon-
trast images are typically used in clinical protocols. An in vivo
study of Lee et al'> noted only a minor artifact reduction of 17.8%
using SEMAC-STIR instead of TSE-STIR for spine imaging. Once
again, this can be explained by less spectral coverage in terms of
slice-encoding steps compared with Zho et al but still more than
we used in our study: 11 (Lee et al) versus 36 (Zho et al) versus 4 in
our study. With our sequence parameters, however, an increase of
slice-encoding steps from 4 to 11 would still have resulted in an
acquisition time of >17 minutes, which precludes clinical use.

Since image quality was not systematically different among all
tested sequences, we conclude that artifact reduction does not
come at the expense of image quality. However, in the case of
SEMAC-STIR, artifact reduction resulted in 75% increased acqui-
sition time. Therefore, further acceleration techniques such as
compressed sensing for the SEMAC sequence are desirable* to
facilitate the clinical applicability of this technique. In contrast,
MSVAT-SPACE-STIR significantly reduced overall artifact vol-
ume and decreased acquisition time by 57% compared with
SPACE-STIR. In addition, the nSNR of MSVAT-SPACE-STIR
was nearly 5 times higher than the nSNR of SEMAC-STIR. Fur-
thermore, MSVAT-SPACE-STIR, unlike SEMAC-STIR, allowed
isotropic image acquisition and multiplane reconstructions. In
vivo application of MSVAT-SPACE-STIR resulted in high-qual-
ity 3D datasets with decreased artifact size.

We acknowledge some limitations of our study. The T1 relax-
ation times of the phantom are not identical to those in living
tissue. This feature may result in vivo in other artifact volumes in
STIR sequences as in our in vitro results. Furthermore, our phan-
tom design allowed only evaluation of slice distortions in direct
proximity of the signal loss. Because additional slice distortions
can be expected beyond the signal loss as well, we probably un-
derestimated the amount of slice-distortion reduction by MS-
VAT-SPACE-STIR and SEMAC-STIR. Finally, because of the
small number of patients included, further research is necessary to
determine which sequence is best in a patient population.

CONCLUSIONS

For optimized fat suppression in the presence of metallic dental
implants for head and neck imaging, MSVAT-SPACE-STIR re-
duced artifact volume and acquisition time compared with the
standard SPACE-STIR sequence while maintaining image qual-
ity. In addition, MSVAT-SPACE-STIR allowed a much higher
resolution than SEMAC-STIR and offered the possibility of 3D
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reconstructions. Within a clinically reasonable acquisition time,
SEMAC-STIR reduced the amount of slice distortions, and, for
some materials, artifact size as well compared with the optimized
TSE-STIR sequence. Therefore, radiologists must decide between
high-resolution 3D imaging (MSVAT-SPACE-STIR) and the
smallest artifact size (SEMAC-STIR). SPACE-STIR is not recom-
mended for head and neck MR imaging due to its vulnerability to
susceptibility artifacts.
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