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Abstract
Purpose This work aimed to compare the diagnostic perfor-
mance of a metal artifact suppression sequence (MAVRIC-
SL) for imaging of hip arthroplasties (HA) at 1.5 and 3 Tesla
(T) field strength.
Methods Eighteen patients (10 females; aged 27–74) with HA
were examined at 3.0 and 1.5 Twithin 3 weeks. The sequence
protocol included 3D-MAVRIC-SL PD (coronal), 3D-
MAVRIC-SL STIR (axial), FSE T1, FSE PD and STIR se-
quences. Anatomical structures and pathological findings
were assessed independently by two radiologists. Artifact ex-
tent and technical quality (image quality, fat saturation and
geometric distortion) were also evaluated. Findings at 1.5
and 3.0 T were compared using a Wilcoxon signed rank test.
Results While image quality was better at 1.5 T, visualization
of anatomic structures and clinical abnormalities was not sig-
nificantly different using the two field strengths (p>0.05). Fat
suppression and amount of artifacts were significantly better

at 1.5 T (p <0.01). Inter- and intra-reader agreement for dif-
ferent anatomic details, image quality and visualization of
abnormalities ranged from k=0.62 to k=1.00.
Conclusion MAVRIC-SL at 1.5 T had a comparable diagnos-
tic performance when compared MAVRIC-SL at 3.0 T; how-
ever, the higher field strength was associated with larger arti-
facts, limited image quality and worse fat saturation.

Keywords Hip . Pain . Surgery .MRI

Introduction

A recent meta-analysis of the literature demonstrated that hip
arthroplasty (HA) improved mid-term health-related quality
of life and resulted in good patient satisfaction and substantial
functional gains [1]. In 2005, over 200,000 hip arthroplasty
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procedures were performed and this number is expected to
double by 2026 [2, 3]. However, after hip replacement, a large
number of patients experience pain due to complications from
the surgery [4–6]. The detection rate of hip arthroplasty com-
plications has increased using advanced imaging techniques,
which critically impacts patient management [7]. The rate of
hip arthroplasty revisions has increased 60% from 2005 and is
projected to increase to 137 % by 2030 [2, 3].

While radiography is always the first step in assessing po-
tential complications, MRI offers substantial benefits in better
characterizing complications such as aseptic lymphocytic
vasculitis-associated lesions (ALVAL), adverse reaction to
metal debris [8], osteolysis, peri-prosthetic stress fractures,
synovitis, impingement and infections. Recently developed
metal artifact suppression MRI sequences have enabled MRI
to become a crucial tool in the follow-up of patients with hip
prosthesis [9]. Different metal suppression sequences have
been developed including slice-encodingmetal artifact correc-
tion (SEMAC) [10], multi-acquisition with variable resonance
imaging combination (MAVRIC) [11], and a hybrid technique
of those approaches termed MAVRIC-SL [12].

These three-dimensional multispectral imaging sequences
(3D-MSI) were originally developed for 1.5 T and have dem-
onstrated significant reduction of susceptibility artifacts near
metal implants. However, with the increasing use of 3.0 T
magnetic field strength for musculoskeletal imaging applica-
tions, several studies have also aimed at showing feasibility of
these techniques at 3.0 T [13, 14]. Two previous studies have
demonstrated that effective metal artifact reduction was pos-
sible at both 1.5 and 3.0 T, but it was performed in vitro using
animal specimens [14, 15]; however, to the best of our knowl-
edge to date no study was published directly comparing
MAVRIC imaging at 1.5 and 3.0 T in vivo in the same patients
with hip prosthesis.

The aim of our study was therefore to directly compare
imaging of patients with HA at 1.5 and 3.0 T MRI using
MAVRIC sequences specifically investigating the visualiza-
tion of anatomical structures, the detection of clinical abnor-
malities, artifact reduction and image quality. Based on previ-
ous studies our hypothesis was that the diagnostic perfor-
mance of MAVRIC-SL sequences is similar at 1.5 and 3 T.

Materials and methods

Patient population

This HIPAA compliant study was approved by the committee
on human research (CHR) at our institution and informed
consent was acquired from each subject before theMRI scans.
Inclusion criteria aimed to select a population of patients who
had undergone HA and presented at the Arthroplasty Clinic of
our Department of Orthopedic Surgery with symptoms of hip

pain not explained by standard radiographs and concerning for
synovitis, osteolysis with loosening and ALVAL disease. Fur-
thermore exclusion criteria applied to the enrollment were: (1)
age<18 years, (2) claustrophobia, (3) pregnancy and (4) pace-
maker or any implanted devices (ex. insulin pump), which
contraindicated MRI scan. In the patients included in this
study, MRI scans at both 1.5 and 3 T were obtained within
3 weeks. Initially a total number of 35 patients were enrolled,
but only 18 patients completed both 1.5 and 3 T MRI scans
within 3 weeks and, thus, were eventually included in our final
analysis. Sixteen patients did not complete the second MRI
scan, and one patient did not complete the first scan due to
claustrophobia.

Our cohort consisted of 8 men and 10 women. The mean
age at the time of the study was 58.9 years, spanning between
27 to 74 years with a standard deviation of 12.5. Patients with
two types of implants were included: hip resurfacing (n=4)
and total hip replacements (n=14). The hip resurfacing
consisted of chromium-cobalt prostheses. The total hip re-
placement prostheses were metal-on-plastic (n=3), ceramic-
on-metal (n =4) and metal-on-metal (n=7); the prostheses
were implanted at different time points for each patient, span-
ning from 12 months to 8 years. All patients reported symp-
toms of constant dull or sharp hip pain (2 mild, 10 moderate
and 6 severe) along with stiffness (n=12), feeling of instability
(n=3), clicking of the hip (n=2) and sleeping problems related
to hip pain (n=1) for at the last 6 months.

In eight patients (44.4 %), radiographs of the hip/pelvis
were obtained at our institution within 6 months prior to the
MRI scans. Seven patients had unremarkable radiographs,
showing the correct alignment of the implant without signs
of loosening or infection. Only one patient had an abnormal
hip radiographs demonstrating soft tissue calcifications
around the prosthesis. In all other 10 patients radiographs were
performed at outside institutions and in none of these patients
were clinical findings explained by these radiographs.

Image acquisition

In each patient, the 1.5 T scan was performed on a Signa
Excite scanner (GE Healthcare, Waukesha, WI) using an
eight-channel phased-array cardiac coil (USA Instruments,
Aurora, OH), and the 3.0 T scan was performed on a Discov-
ery MR750 scanner (GE Healthcare, Waukesha, WI) using an
eight-channel phased-array cardiac coil (In-Vivo Corporation,
Gainesville, FL). The MRI protocol included a proton density
(PD)-weighted coronal 2D fast spin echo (FSE) sequence,
axial 2D FSE sequence with short T1 inversion recovery
(STIR) fat suppression, PD-weighted coronal MAVRIC-SL
sequence, and axial MAVRIC-SL sequence with STIR fat
suppression. For the STIR fat suppression, the inversion time
was 150 ms at 1.5 T and 170 ms at 3 T considering increased
T1 at 3.0 T. In order to correct for the longer T1 recovery time
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at the higher field strength, the inversion time was slightly
increased. The standard 2D FSE sequences were also opti-
mized for imaging around metal, which included the use of
a maximum readout receiver bandwidth. Furthermore, STIR
fat suppression was used for both 2D FSE and MAVRIC-SL
instead of frequency selective fat suppression techniques, due
to large field inhomogeneities near metals. The imaging pro-
tocols and pertinent imaging parameters for both 1.5 and 3.0 T
are presented in Table 1.

Image analysis

Anatomical structures, clinical abnormalities and technical
quality were graded by two board certified radiologists
(L.N. and M.K.), separately. To better standardize image
analysis, initially the calibration sessions were performed
by three radiologists (L.N., M.K. and T.M.L.) using 10
MRI studies obtained in patients with total hip prosthesis
that were not included in the final study population. Se-
quences were analyzed randomly and radiologists were
blinded to the image parameters in particular to the field
strength.

A 5-point grading system was used to evaluate the follow-
ing anatomical structures [13]: greater trochanter, lesser tro-
chanter, femoral head and neck, acetabulum, sciatic nerve and
iliopsoas muscles. A grade of (5) was defined as good delin-
eation of anatomic structures; grade (4) as anatomic structure
fully visible with slight blurring of borders; grade (3) as ana-
tomic structure fully visible but significant blurring of borders;
grade (2) as anatomic structure only partially visible, and
grade (1) as anatomic structure not visible. An example for
the grading is provided in Fig. 1.

Image quality was visually assessed in regard to signal-to-
noise ratio, blurring, spatial resolution and contrast; again a 5-
grade quality score was used [13, 15]. Figure 2 provides an
example of good image quality. Fat saturation and geometric
distortionwere scored separately. Very good image quality (5)
was defined as clear visibility of anatomic details with sharp
contours, no areas of blurring and obvious differences in

Fig. 1 Axial MAVRIC-SL STIR images at 1.5 T (a), 3.0 T (b). Iliopsoas
bursitis (long arrows) is noted at both magnetic field strengths. The small
amount of fluid in the posterior aspect of the joint (short arrows) is better
appreciated at 1.5 T where the metal artifact was smaller. The greater
trochanter is partially affected by artifacts on both images and it was
scored 2 at 1.5 T and 3 at 3.0 T

Table 1 MRI protocol at 1.5 T (top) and 3.0 T (bottom)

1.5 Tesla
TR (ms) TE

(ms)
Sl Thk
(mm)

FOV readout
(cm)

Echo train
length

Averages Bandwidth
(kHz)

No. of
slices

Matrix Scan time
(min)

Axial T1 FSE 700 6.2 4 40–48 4 4 ±125 37 320–224 5

Coronal STIR FSE 3,150 44 4 44 16 4 ±100 25 288 × 224 9

Axial STIR FSE 4,000 40 4 40–48 16 4 ±100 23 288 × 179 9–12

Coronal PD MAVRIC-SL 2,000 28 3.2 40–48 16 1 ±125 40 384 × 256 5

Axial STIR MAVRIC-SL 3,500 33 3.6 40–48 16 1 ±125 52 320 × 179 11

3 Tesla

Axial T1 FSE 600 6.2 4 36–38 4 8 ±125 37 416 × 224 6

Coronal STIR FSE 5,000–7,000 50 4 36–38 18 6 ±125 31 384 × 192 6

Axial STIR FSE 5,000 36 4 40–48 16 4 ±100 35 288 × 179 9

Coronal PD MAVRIC-SL 2,000 27 3.2 40–48 16 1 ±125 40 384 × 320 10

Axial STIR MAVRIC-SL 5,000–7,000 42 3.2 40–48 24 1 ±125 44 320 × 134 11
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signal intensity. Good image quality (4) was defined as mild
loss of contrast without impairment of visibility of image de-
tails. Fair image quality (3) was defined as moderate contrast
and mild blurring that mildly affected the discrimination of
anatomic details. Poor image quality (2) was defined as mod-
erate contrast and blurring with only vague discrimination of
anatomic details like vessels of nerves, image quality was
defined as very poor (1) when anatomic details were obscured
by low contrast and blurry contours. Quality of fat saturation
was graded as the following: 5=complete fat suppression with
homogenously low signal in the bone marrow or subcutane-
ous fat, 4=mild inhomogeneity of low fat signal that did not
affect the evaluation of the image, 3=moderate inhomogene-
ity mildly impairing the image evaluation, 2=intermediate
and inhomogeneous signal intensity of fatty tissue definitely
impairing image evaluation, 1=missing fat saturation with

subcutaneous fat and bone marrow appearing markedly
brighter compared to muscle tissue. An example is provided
in Fig. 3. Geometric distortion was graded as 5=not present,
4=minimal distortion that did not impair anatomic evaluation
(Fig. 2), 3=distortion mildly altering anatomic contours, 2=
distortion severely impairing anatomic evaluation near the
metal implant and 1=distortion making anatomic evaluation
of structures surrounding the implant impossible. In addition,
the extent of the artifact was defined as the area of severe
signal loss that obscured any anatomic information [13]. It
was measured on the slice with the maximum extent of artifact
in two dimensions (square centimeter, cm2) as demonstrated
in Fig. 4.

Clinical abnormalities recorded included joint effusion,
aseptic lymphocyte-dominated vasculitis-associated lesions
(ALVAL), synovitis and bursitis, bone marrow edema pat-
tern, osteolysis and insertion tendinopathy at the greater
trochanter. Joint effusion was defined as abnormal presence
of fluid (greater than 7 mm in thickness) within the joint as
described by Lee et al. [15]. ALVAL was defined as a soft
tissue mass or fluid-filled cavity with thickened low inten-
sity capsule in the periarticular region with joint effusion
bursitis and possible remodeling of the adjacent bone as
previously described [16]. An example is provided in
Fig. 5. Bursitis was defined as an accumulation of fluid in
the iliopsoas, trochanteric or ischiotrochanteric bursae,
which is normally not evident onMRI images (Fig. 6). Bone
marrow edema pattern was defined as increased signal in the
bone marrow in fluid sensitive images and low signal on
T1W images. Osteolysis was defined as endosteal,
intracortical, or non-linear cancellous bone destruction de-
tected as high signal intensity in fluid sensitive sequence
(Fig. 4) [13]. Insertion tendinopathy demonstrated signal
alteration within the insertion of the gluteal muscles at the
greater tuberosity with thickening of the muscle tendons.

The images obtained in the corresponding plane at 1.5 and
3.0 T were graded by two radiologists (L.N. and M.K.) inde-
pendently; a consensus reading with a third radiologist

Fig. 3 Axial MAVRIC-SL STIR
images at 1.5 T (a) and 3.0 T (b).
Anatomy of the femoral greater
trochanter was scored as 3 at 3.0 T
and as 5 at 1.5 T (short arrow).
Fat saturation (long arrows) is
limited at 3.0 T (scored as 1),
while on the 1.5 T image fat
suppression is of substantially
higher quality (scored as 3)

Fig. 2 Coronal proton density weighted MAVRIC SL image at 3.0 T
demonstrates minimal geometrical distortion (arrow), good signal-to-
noise ratio, no blurring and size of the artifact mirroring the shape of
the implant
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(T.M.L.) was performed in case of disagreement. As a mea-
sure of the reproducibility of the grading systems used in this
study, all patients studies were scored again 3 weeks after the
initial readings by one of the radiologists (L.N.) and intra-
reader reproducibilities were calculated.

Statistical analysis

After comparing grading obtained, independently, in the cor-
onal and in the axial plane, the highest score was chosen for
every investigated parameter.Wilcoxon signed rank tests were
performed to detect differences in the grades of different MRI
variables assessed for theMAVRIC-SL images obtained at 1.5
and 3.0 T. A significance level of α=0.05 was considered to
reject the null hypothesis of no difference between MAVRIC-
SL images obtained at 1.5 and at 3.0 T (p<0.05). Inter- and
Intra-rater agreement of categorical variables was determined
by calculation of Cohen’s kappa values, whereas the intra-
class correlation coefficient was computed for the quantitative
artifact measurements.

Results

Anatomical structures

Though scores at 1.5 Twere consistently higher than at 3.0 T,
there were no statistically significant differences in the visual-
ization of anatomical structures whenMAVRIC-SL sequences
obtained at 1.5 T were compared to MAVRIC-SL at 3.0 T:
specifically, p values were greater than 0.05 for all considered
variables (Table 2). Higher scores at 1.5 T were found for the
assessment of the lesser tuberosity areas—4.6 (1.5 T) and 4.4
(3.0 T) with p>0.05—and the greater tuberosity—4.6 (1.5 T)
and 4.7 (3.0 T) with p>0.05—as shown in Fig. 4. The

acetabular area demonstrated the lowest scores with 3.5 at
1.5 T and 3.3 at 3.0 T (p>0.05) as demonstrated on Fig. 4.

Comparison of technical quality and artifact extent

When MAVRIC SL sequences acquired at 3.0 and 1.5 Twere
compared, significantly larger artifact size and worse fat satu-
ration scores were found at 3 T, while scores for geometric
distortion and image quality were not significantly different
(Table 3). The average artifact size measured 58.8 cm2 at 3 T
while it measured 42.2 cm2 at 1.5 T (p<0.001). Fat

Fig. 5 AxialMAVRIC-SL STIR images at 1.5 T (a) and 3.0 T (b). ALVAL
abnormality on the left (short arrows) and right hip joint effusion (long
arrows) are noted at both magnetic field strengths. The fat saturation was
better at 1.5 T (scored as 3) than at 3.0 T (scored as 1). The greater tuberosity
is well seen at both field strengths with a score of 5

Fig. 4 Coronal proton density-weighted MAVRIC images at 1.5 T (a)
and 3.0 T (b). Small area of osteolysis was demonstrated at both field
strengths (arrows). The size of signal voids at 1.5 T (5.1×4.8 cm) is
markedly smaller compared to the artifact size at 3.0 T (8.2×7.8 cm);

however, this did not affect the ability to show the lesion at 3.0 T. The
acetabular area is markedly impacted by metal artifacts on both images; it
was given a score of 1 on the coronal images

Skeletal Radiol (2015) 44:1609–1616 1613



suppression scores were 2.9 at 3 T and 3.7 at 1.5 T (p=0.001).
Image quality and geometrical distortions had worse average
scores usingMAVRIC obtained at 1.5 T than 3.0 TMAVRIC;
however, the p values for these comparisons did not reach
statistical significance. Details are reported in Table 3.

Pathological abnormalities

All pathological abnormalities were recorded and presented in
Table 4. There were no differences in the number or type of
abnormalities seen on MAVRIC SL sequences at 1.5 and at
3.0 T; specifically, all of the abnormalities detected at one field
strength were also seen at the other field strength even if

artifacts affected the abnormalities. For example on Fig. 6,
an example of iliopsoas bursitis is presented at both 3.0 and
1.5 T. The abnormality is seen at both field strengths although
at 3.0 T it is moderately affected by artifacts.Themost frequent
abnormalities noted were joint effusion and iliopsoas bursitis
(Fig. 1), which were noted in 9 and 11 patients, respectively.
Also cases of ALVAL tumors (n=2; Fig. 5) and osteolysis (n=
3; Fig. 4) were detected both at 1.5 and 3 T.

Reproducibility of measurements

As shown in details in Table 5, inter- and intra-rater agreement
kappa values for gradings of anatomical structures, image
quality variables and pathological abnormalities ranged from
0.62 to 1.0 (mean=0.88, 95 % CI: 0.62–1.0). The intra class
correlation coefficient for the artifact size ranged from 0.87 to
1.0 (mean=0.96, 95 % CI=0.88–1.0).

Discussion

In this study, we investigated the reduction of metal artifacts in
MR images of patients with HA using a novel MAVRIC-SL
sequence at 1.5 and 3 T. Our data demonstrated that the diag-
nostic performance in evaluating abnormalities around hip
prosthesis was similar at 1.5 and 3.0 T; we also found similar
performance in the visualization of anatomical features. How-
ever, MAVRIC at 1.5 T demonstrated more efficient fat sup-
pression and artifact size was significantly reduced improving
overall image quality.

To the best of our knowledge, this is the first clinical study
directly comparing metal reduction sequences in patients with
hip prosthesis at 1.5 and 3.0 T field strength. Most publica-
tions do not recommend 3.0 T for imaging of tissues around
prosthesis because induced local static magnetic field offsets
are expected to double when switching from 1.5 to 3.0 T and
result in larger susceptibility artifacts. However, some publi-
cations have recently indicated the feasibility of metal sup-
pression sequences at 3.0 T [14, 17]. For example, two publi-
cations by Lee at al. [15, 17] described the application of fat
saturated T2-weighted SEMAC sequences for metal artifact

Table 2 Average scores with
standard deviations for
visualization of anatomical
structures

Evaluated
structures

Visualization
score 1.5 T

Visualization
score 3.0 T

Visualization score
difference (1.5 T-3.0 T)

p values

Greater trochanter 4.61 4.72 −0.11 0.43

Lesser trochanter 4.56 4.44 0.12 0.35

Femoral N&S 3.94 3.83 0.11 0.59

Acetabulum 3.55 3.33 0.22 0.13

Sciatic nerve 4.39 3.89 0.5 0.13

Obturator muscles 4.50 4.50 0 1

Iliopsoas muscle 4.50 4.39 0.11 0.35

Fig. 6 Axial MAVRIC-SL STIR images at 1.5 T (a) and 3.0 T (b)
demonstrate iliopsoas bursitis (arrows). 3.0 T image shows less efficient
fat-saturation when compared to 1.5 T image. Fat saturation scores were 3
and 1, at 1.5 and 3.0 T, respectively. Shading artifact is noted in the area
anterior and medial to the hip replacement at 3.0 T; however, this artifact
does not entirely compromise the detection of the abnormality and is
likely due to the shading artifact related to the B1magnetic field. Iliopsoas
muscle was affected by a strong artifact at 3.0 T and scored as 2, while it
was scored as a 3 on the 1.5 T image
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reduction at 3 T. Another recent article from Kretzschmar et.
al. [13] described the use of MAVRIC SL on a 3.0 T scanner
showing significant reduction of metallic artifacts compared
to standard sequences. In addition, improvements were noted
in the visualization of bone-prosthesis interface and in the
periprothesic area in subjects who underwent spinal fixation
surgery. Using MAVRIC SL, our study demonstrated similar
visualization of anatomical structures near metal implants at
3.0 T as compared to 1.5 T (Table 2). In general, we found the
acetabular area to be the most challenging region at both mag-
netic field strengths. This is most probably due to the larger
volume of high-susceptibility metal (cobalt-chromium alloy)
in this area that resulted in very limited and partial visualiza-
tion of this structure (Table 3). Regarding the detection of
pathological abnormalities, MAVRIC-SL at 3.0 T performed
equally to MAVRIC-SL at 1.5 T as all abnormalities were
noted at both magnetic field strengths (Table 4).

Our study demonstrated that artifacts at 3.0 T had a larger
size than at 1.5 T; however, the difference in size of the artifact
did not significantly impact the visualization of anatomical or
pathological features in our small cohort. There might be some
instances where the residual metal artifact size would prevent
an accurate diagnosis and, hence, we believe that a larger
population would need to be studied to conclusively investi-
gate potential limitations at the higher field strength. However,
a recent publication [15] performed in an animal model found
similar diagnostic performance in lesion detection using
MAVRIC sequences at both field strengths, which is in agree-
ment with the findings of our study.

A substantial difference between the field strengths was
related to the fat saturation ability. In our study 3.0 T
MAVRIC-SL scored significantly lower than 1.5 T
MAVRIC-SL in respect to fat saturation efficiency (Fig. 3),
which is due to a number of challenges related to the applica-
tion of high-bandwidth inversion-recovery-based fat-
suppression at 3.0 T. First, inversion-based fat saturation dem-
onstrates shading when the inversion pulse application is com-
promised by inhomogeneous B1 transmission [18, 19]. This is
a well-known problem at 3 T due to the reduced wavelength of
applied RF fields. In addition, the presence of metal implants
can further increase the level of B1 transmission inhomoge-
neity [19, 20]. To mitigate this effect, inversion pulses are
typically applied using adiabatic excitation principles [19];
however, the broadband adiabatic inversion pulses required
for metal artifact reduction such as those used in MAVRIC
SL, often are limited by specific absorption rate and RF hard-
ware limits at 3.0. As a result, the sensitivity of these pulses to
B1 transmission inhomogeneity is increased relative to their
application at 1.5 T. The combination of these various chal-
lenges of inversion-based fat suppression around metal im-
plants at 3.0 T explain the increased shading and reduced fat
saturation performance relative to the 1.5 T implementation.

Finally, our study demonstrated that there is no significant
difference in the scores with regards to geometric distortion
and image quality. In order to retain a high-resolution image
while at the same time generating smaller geometric distortion
artifacts in 3.0 T MRI, we optimized our pulse sequences by
increasing the readout bandwidth and reducing the echo time
[12, 21, 22].

Image quality was slightly higher at 1.5 T; however, this
trend was not significant, likely due to the small sample size
and is mostly attributed to the effects discussed in the previous
paragraph and the increased off-resonance frequencies at the
higher field strength. The lower score for image quality of
MAVRIC at 3.0 Twas mostly due to blurring which was more
evident when compared to the sequence obtained at 1.5 T;
however, the abnormalities and the anatomical structures were
still similarly appreciated (Fig. 5). The increased blurring at
3.0 T can be partially explained by the reduced T2 of muscu-
loskeletal tissues (ranging from 10–35 % reduction) at 3 T
relative to 1.5 T. Proton-density-weightedMAVRIC SL images
use an echo train length (ETL) between 16–20. Echo trains of
such length are susceptible to some blurring from T2 decay,
which explains the increased observed blurring at 3.0 T.

Table 4 Pathological abnormalities recorded

Abnormality detected No. of abnormalities
detected at 1.5 T

No. of abnormalities
detected at 3.0 T

Joint effusion 9 9

Bursitis 11 11

Bone marrow edema pattern 2 2

ALVAL 2 2

Insertion tendinopathy
(greater trochanter)

6 6

Osteolysis 3 3

Table 3 Average scores with standard deviations for technical
evaluation of MAVRIC sequences at 1.5 and 3.0 T; mean differences
and p values are also provided

Variables MAVRIC
1.5 T

MAVRIC
3.0 T

Difference p value

Image quality 4.44 4.22 0.22 0.13

Fat suppression 3.72 2.89 0.83 0.01

Geometrical distortion 4.39 4.22 0.17 0.46

Artifacts 42.15 58.8 −16.6 <0.001

Table 5 Inter- and intra-
rater reliability Mean 95 % CI

Cohen’s K (inter) 0.79 (0.62–0.93)

Cohen’s K (intra) 0.97 (0.82–1.0)

ICC (inter) 0.93 (0.87–0.98)

ICC (intra) 0.99 (0.98–0.99)
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Our study has a number of limitations. The main limitation
was the small sample size of only 18 subjects, mostly due to
the poor patient compliance with the second scan. However,
all subjects were prospectively enrolled, highly selected and
had both 1.5 and 3.0 T scans within 21 days. A larger popu-
lation would have allowed for a larger number of abnormali-
ties and possibly some of these would not have been identified
at both field strengths. Furthermore, a larger sample size might
have demonstrated increased significance for some parame-
ters. A second minor limitation was the lack of an intra-
operative correlation to confirm the pathological findings,
but this would have required revision surgery, which was not
performed in any of our patients at the time of the data collec-
tion. Finally, another potential issue was the heterogeneity of
hip prostheses in terms of size and materials, also the small
number of subjects in each of these subcohorts did not allow
for meaningful comparisons.

In conclusion, this prospective study demonstrated that in a
small cohort of subjects with symptomatic hip replacement,
MAVRIC-SL sequences were able to effectively reduce metal
artifacts at both 1.5 and 3.0 T field strengths without signifi-
cant differences. In particular, the visualization of anatomical
structures and demonstration of pathological abnormalities
between the two fields strength was similar. However, previ-
ously described advantages of higher magnetic field strengths
such as higher image quality were compromised by larger
artifact size and more limited fat suppression for the described
application of metal artifact reduction.
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