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Abstract

Background The prevalence of pseudotumors in patients
with large-head metal-on-metal (MOM) THA has been the
subject of implant recalls and warnings from various regulatory
agencies. To date, there is no consensus on whether ultrasound
or MRI is superior for the detection of pseudotumors.
Questions/purposes We prospectively compared ultra-
sound to MRI for pseudotumor detection in an asymptomatic
cohort of patients with MOM THAs. We also compared
ultrasound to MRI for assessment of pseudotumor growth

and progressive soft tissue involvement at a 6-month
interval.

Methods We enrolled 40 patients with large-head MOM
THAs in the study. The mean age was 54 years (range,
34-76 years). The mean time from surgery was 54 months
(range, 40-81 months). There were 28 men and 12 women. All
patients underwent ultrasound and MRI using slice encoding
for metal artifact correction. The gold standard was defined as
follows: if both ultrasound and MRI agreed, this was inter-
preted as concordant and the result was considered accurate.
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Results  Ultrasound and MRI agreed in 37 of 40 patients
(93%). The prevalence of pseudotumors was 31% (12 of 39) in
our cohort. Twenty-three of 39 patients (59%) had completely
normal tests and four (10%) had simple fluid collections.
Ultrasound had a sensitivity of 100% and specificity of 96%
while MRI had a sensitivity of 92% and specificity of 100%.
Conclusions A negative ultrasound rules out pseudotu-
mor in asymptomatic patients as this test is 100% sensitive.
Given its lower cost, we recommend ultrasound as the
initial screening tool for pseudotumors.

Level of Evidence Level I, diagnostic study. See the
Instructions for Authors for a complete description of levels
of evidence.

Introduction

In the United States, metal-on-metal (MOM) THA had a
market share of 35% in the early 2000s [5]. Numerous
reports have highlighted the problem of pseudotumors in
patients who have undergone large-head MOM THA [3, 4,
11, 15, 22, 26, 28]. The prevalence of pseudotumors is
higher with this type of THA than with hip resurfacing, and
MOM implants have been the subject of recalls and
warnings from various regulatory agencies.

Both ultrasound and MRI with metal artifact reduction
sequences (MARS) were identified as suitable modalities for
pseudotumor detection. To date, there is no consensus on
which of these imaging modalities is superior for detecting
pseudotumors, following their progression, or assessing
associated soft tissue damage. Furthermore, the choice of the
monitoring modality is important because of the cost impli-
cation. The number of patients with MOM arthroplasties has
been estimated to be 500,000. In the United States, the cost of
an ultrasound scan is approximately USD 800 and that of a
MRI s approximately USD 1500. For a single followup study
of all patients with MOM implants, the cost differential is a
staggering USD 350 million, which highlights the importance
of identifying the most cost-effective screening modality for
detecting and following these pseudotumors.

Ultrasound has been advocated for screening patients
with MOM implants, particularly for detection of pseu-
dotumors [9, 24]. Ultrasound has the advantage of being
relatively affordable, widely available, quick to perform,
noninvasive (and therefore useful for scanning the contra-
lateral limb for comparison), and relatively unaffected by
metal implants. Its detractors state that it is operator-
dependent and has trouble accessing deep tissues, espe-
cially in obese patients [16]. To date, several studies have
successfully used ultrasound to detect pseudotumors in
both symptomatic and asymptomatic patients with large-
head MOM THAs and resurfacings [20, 26, 28].
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Due to its ability to image soft tissues and bone, many
authors believe MRI is the best option for pseudotumor
detection [10, 16]. However, when MRI is performed near a
metal implant, artifacts arise, including signal loss and spa-
tially varying displacement in both slice and in-plane
directions. MRI methods tailored for metal artifact reduction
have also become increasingly popular for the detection of
pseudotumors [1, 14]. A number of different metal artifact
reduction MRI approaches are available with different trade-
offs between scan time and artifact reduction. More recently,
multispectral imaging (MSI) methods (slice encoding for
metal artifact correction [SEMAC], multiacquisition vari-
able-resonance image combination [MAVRIC], warp) have
been developed to further reduce displacement artifacts in
both slice and in-plane directions [7, 18, 21, 27]. The main
downsides of these approaches are increased scan times and
reduced resolution and signal-to-noise ratio compared with
standard clinical MRI. Artifacts (residual signal loss) from
the metal implants are dependent on the specific metal arti-
fact reduction technique used.

To date, no study has compared ultrasound to MRI
directly for initial pseudotumor detection. Given the
important clinical and economic considerations, we believed
this was an important question to address. We therefore
prospectively compared ultrasound to MRI for pseudotumor
detection in an asymptomatic cohort of patients with MOM
THAs. We also compared ultrasound to MRI for preliminary
assessment of pseudotumor growth and progressive soft
tissue involvement at a 6-month interval.

Patients and Methods

This was a prospective diagnostic study. Institutional ethics
review board approval was obtained and all patients gave
their informed consent before their inclusion in the study.
Patients were identified from our hospital database. From
2005 to 2008, 360 primary large-head MOM THAs were
performed at our institution using a Metasul® LDH®
implant with a Durom® acetabular cup and an M/L Taper®™
stem (Zimmer Inc, Warsaw, IN, USA). Patients were invited
to participate in this study if they had their MOM THAs
implanted at least 2 years earlier, provided they had an
uncomplicated postoperative course, anormalized WOMAC
[2] score of 75 or greater (with O being the worst score and
100 being the best score), and no previous ultrasound or MRI
for pseudotumor detection; this resulted in 122 of the 360
patients being eligible. Those patients were contacted by
mail, and 63 patients (52%) responded. Of those 63, 14 were
found to be ineligible (11 already had the index MOM THA
revised, three had a WOMAC score of less than 75), and
eight were too busy or were having other surgery. We
enrolled 41 patients, but one withdrew after consenting and
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Table 1. Demographic data for the study population

Variable Value
Number of patients 40

Number of female patients 12

Number of male patients 28

Age (at index surgery) (years)* 54 (34-76)
BMI (kg/m?*)* 27 (20-43)
Time from surgery to scan (months)* 54 (40-81)
WOMAC global score (points)*,T 95 (75-100)
UCLA activity level* 8 (5-10)

* Values are given as the mean, with the range in parentheses;
TWOMAC scores are normalized to a range of 0 to 100, with 0 being
the worst and 100 being the best.

having blood work done, leaving 40 patients for analysis in
the final study group (Table 1). The mean age of the patients
was 54 years (range, 34-76 years). The mean time from
surgery was 54 months (range, 40-81 months). There were
28 men and 12 women.

All patients underwent ultrasound (including color
Doppler) and MRI using SEMAC. Both examinations were
performed on the same day. All ultrasounds and MR
images were read separately by one of three musculo-
skeletal fellowship-trained radiologists (HAO, GA, BF)
who were blinded to the findings from the other modality.
In cases where there was a positive finding of a pseudo-
tumor, a second radiologist read the ultrasound/MRI to
confirm this. The second radiologist was blinded to the
initial positive reading of the first radiologist. No intra- or
interobserver reliability testing was done.

A single sonographer (DK) experienced in musculoskel-
etal imaging performed the ultrasound examinations. Before
the study started, this sonographer had performed ultrasound
scans on approximately 220 hips with THAs: 100 hips with
MOM THAs (since 2009) and 120 hips that did not have
MOM THAs (since 2008). A standardized template was used
to conduct the scans, which were performed using a Siemens
Antares™ Ultrasound System (Siemens Medical Solutions
USA, Mountain View, CA, USA). The Siemens VFX9-4
linear transducer and/or the Siemens CH6-2 curvilinear
transducer was used for anterior, posterior, and/or lateral
views, depending on each patient’s specific body habitus;
body habitus affected the choice of transducers, but all
images were obtained on all patients. Acquisition time was
20 minutes. The presence, size, and position of any fluid,
cystic mass, or solid mass related to the hip were recorded,
along with any involvement of neurovascular structures. The
volume of any fluid or mass was calculated by multiplying
the maximum recorded dimensions in millimeters in each of
three planes and dividing by 1000 to convert to volume in
cubic centimeters. The radiologist was asked to definitively
state whether the scan was normal or abnormal, and if the

latter, the radiologist categorized it as one of three possible
abnormalities: (1) a solid mass, (2) a cystic mass or a com-
plex fluid collection, or (3) a simple fluid collection. On
ultrasound, a simple fluid collection was defined as anechoic
with increased through-transmission and a well-defined
posterior wall. A complex fluid collection/cystic mass con-
tained debris (internal echoes), septations, or both. In cases
where the first radiologist could not make a definitive clas-
sification, a second radiologist read the scan and consensus
was reached by discussion on whether this abnormality was a
pseudotumor or a simple fluid collection.

The MRI examinations were performed using an eight-
channel 1.5-T MR unit (Signai'}> HDx; GE Healthcare, St
Giles Chalfont, Buckinghamshire, UK) and a torso-phased
surface coil. Custom SEMAC software [21] was installed
and the following sequences were obtained: axial and coro-
nal T1 (repetition time [TR], 500 echo time [TE] minutes;
echo train length [ETL], 1; receiver band width [RBW], 125;
matrix, 394 x 128; field of view [FOV], 40 cm; number of
excitations [NEX], 0.5; slice thickness, 5 mm] and axial and
coronal proton density (TR, 3600 TE minutes; ETL, 12;
RBW, 125; matrix, 384 x 256; FOV, 40 cm; slice thickness,
5 mm). Total acquisition time was 45 minutes. Gadolinium
was not utilized, and therefore, strictly speaking, a focal
region of signal change could not be defined as cystic or
solid. An abnormality was diagnosed on MRI when a cir-
cumscribed periarticular signal abnormality was noted.

For any patient where there was a disagreement about the
presence of pseudotumor between the MRI and ultrasound
assessment, either repeat ultrasound and MRI or dual-energy
CT scan was performed a minimum of 6 months later (range,
6-9 months) to confirm whether a pseudotumor was present,
that is, to confirm the diagnosis (negative or positive for
pseudotumor). The CT was performed on a Siemens Flash®
64-slice scanner (Siemens, Erlangen, Germany), using the
following parameters: Kv = 120/100 (note there are two, as
itis dual energy) and mAs = 140. Based on all of these tests,
the two radiologists arrived at a consensus about the presence
of pseudotumor in all patients.

All patients who had a detected abnormality (fluid collec-
tion or mass) on MRI or ultrasound were invited to undergo a
repeat of both scans at a minimum of 6 months after the initial
scans. Two radiologists interpreted each followup examina-
tion as described above. The radiologists measured changes in
the size of the abnormality and commented on progression of
soft tissue damage (abnormal echogenicity/atrophy on ultra-
sound, abnormal signal/atrophy on MRI).

Statistical Methods

To calculate sensitivities and specificities, the gold stan-
dard needs to be defined. In this study, the gold standard
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was defined as follows: if both ultrasound and MRI agreed,
this was interpreted as concordant and the result accurate.
If both tests were normal or only showed a simple fluid
collection, this was taken as evidence that there was no
pseudotumor. A pseudotumor was present if both tests
agreed that a cystic mass, complex fluid collection, or solid
mass was present. For the tests to agree, they also had to
agree on location. For discordant results, additional testing
was performed as described above. Needle biopsy of the
suspected lesions was not undertaken as the musculoskel-
etal pathologist (TON) believed sampling error may have
led to misdiagnosis and the real gold standard is the
pathology of the intraoperative specimen.

Sensitivity of ultrasound was calculated as the proportion
of those with true pseudotumors for whom pseudotumor was
detected by ultrasound. Sensitivity of MRI was calculated as
the proportion of those with true pseudotumors for whom
pseudotumor was detected by MRI. The specificity of
ultrasound was calculated as the proportion of those without
true pseudotumors for whom pseudotumor was not seen on
ultrasound. The specificity of MRI was calculated as the
proportion of those without true pseudotumors for whom
pseudotumor was not seen on MRI. Positive predictive value
(PPV) and negative predictive value (NPV) of ultrasound
and MRIfollowed the standard formulas. We calculated 95%
bootstrap percentile Cls for the subset of four of the above
eight measures that showed variation across replicate sam-
ples (when sample sensitivity or specificity was exactly 1, for
example, no CI was computed). Finally, sensitivity and
specificity for ultrasound versus MRI were compared via
McNemar’s exact test.

Results

The use of ultrasound to detect pseudotumors showed a
sensitivity of 100%, specificity of 96% (95% CI, 88%—
100%), NPV of 100%, and PPV of 92% (95% CI, 75%-
100%). SEMAC MRI had a sensitivity of 92% (95% CI,
71%-100%), specificity of 100%, PPV of 100%, and NPV
of 96% (95% CI, 88%—100%). There was no significant
difference between the two modalities in terms of sensi-
tivity or specificity (p = 0.32).

The findings of ultrasound and MRI agreed in 37 of 40
patients (93%). The prevalence of pseudotumors was 31%
(12 of 39) in this study (Fig. 1). Twenty-three of 39
patients (59%) had completely normal tests and four (10%)
had simple fluid collections. Three patients (8%) had dis-
cordant readings on the first ultrasound and MRI. In the
first patient, the initial ultrasound was positive for a cystic
lesion posterior to the hip, but the initial MRI scan was
normal. Repeat MRI and ultrasound were performed
7 months later; once again, the MRI was normal and at this

@ Springer

Fig. 1A-B MRI and ultrasound show a large pseudotumor in a
64-year-old woman. (A) A T2-weighted axial MR image using the
SEMAC protocol shows a complex high T2 signal lesion (red arrow)
posterolateral to the right femoral neck component of the MOM THA.
The blue arrow demonstrates residual metallic artifact from the
femoral head component of the THA. (B) A color Doppler ultrasound
image in the axial plane shows a septated complex fluid collection
(arrow) with internal echoes and vascularity within the septations, as
shown by the color flow.

time the ultrasound was read as showing a simple fluid
collection or artifact. It was concluded that this was a false-
positive result on initial ultrasound and that the MRI was
correct. For the second patient, the initial ultrasound was
read as showing a solid mass with a volume of 13 cm®
anteromedial to the hip. The initial MRI was read as nor-
mal. Repeat ultrasound and MRI at 5 months showed a
mass on both examinations in the same location. In retro-
spect, the first MRI was reread and the mass was identified.
This was deemed a false-negative result for the initial MRI.
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The third patient had an initial negative ultrasound with a
positive initial MRI. Dual-energy CT scan revealed only a
fluid collection. In this patient, the true result was inde-
terminate and this patient was not included in the analysis
of sensitivity, specificity, PPV, and NPV.

Followup ultrasound and MRI were performed on eight
patients with initial findings of pseudotumors at an average
of 7 months after the initial scans (range, 6-9 months).
Two patients (25%) had a substantial increase in size of the
pseudotumor. In one patient, two masses increased on
ultrasound only, from 123 and 179 cm’ (anteromedial and
posterolateral to the hip) to 339 and 373 cm®, respectively,
after an interval of 7 months; MRI showed no change in
pseudotumor size in this patient. In the second patient, a
mass anteromedial to the hip increased in size on ultra-
sound from 102 cm® to 268 cm® after an interval of
7 months; MRI showed a mild increase in pseudotumor
size in this patient. No other testing was done to see if
ultrasound was overestimating or MRI was underestimat-
ing this size change. SEMAC MRI detected no muscle
damage at followup in these eight patients, and overall no
muscle damage was seen in any patient in this study.

Discussion

Pseudotumors or adverse local reactions to metal debris
have been well documented to occur in association with
both resurfacing [6, 12, 13, 19, 26] and large-head MOM
THA [3, 4, 11, 22]. Both ultrasound and MARS MRI have
shown tissue reactions to occur commonly after MOM
THA. In a study by Williams et al. [28], ultrasound found
pseudotumors in 32% (10 of 31) of asymptomatic patients
with large-head MOM THAs. In a separate study using
MARS MRI, Hart et al. [15] found a prevalence of pseu-
dotumor formation of 61% (17 of 28) in asymptomatic
patients with several different large-head MOM THAs.
Both the Medicines and Healthcare products Regulatory
Agency [23] in the United Kingdom and the FDA in the
United States have made recommendations regarding the
followup imaging of patients with large-head MOM THAs.
For cross-sectional imaging, MARS MRI or ultrasound is
recommended in the United Kingdom, whereas MARS
MRI is the imaging modality of choice in the United States.
Ultrasound has the advantage of being more affordable; it
also is easy and quick to perform in the hands of experi-
enced technicians. MARS MRI has the advantage of being
able to assess both the soft tissue and bone and to detect
pseudotumors. To date, no study has directly compared
these two tests to assess their validity in assessing
asymptomatic patients with MOM THAs for adverse
reactions and pseudotumors. We therefore directly com-
pared the two, using an MRI acquisition technique

(SEMAC) that has shown significant advantages over
conventional MARS techniques in the presence of metallic
implants [7, 18, 21, 27]. We also compared ultrasound to
MRI for preliminary assessment of pseudotumor growth
and progressive soft tissue involvement at a 6-month
interval.

The main limitation in this study is there was no definite
gold standard for presence of pseudotumor or other adverse
tissue reaction. While we accepted true results as agree-
ment/consensus on both the ultrasound and MRI scans, it is
possible that both could be wrong, which would imply a
higher number of false-positive and false-negative results
than we have reported. Since the presence of a pseudotu-
mor is not a random event, we believe that the approach
used, though not perfect, is a reasonable approach insofar
as intraoperative samples are not available on all patients.
Needle biopsy itself suffers from sampling error and for
this reason was not used in the study as a gold standard.
Only intraoperative findings could allow more certainty
and would be the only true gold standard. While our choice
of gold standard is not as strong as intraoperative findings
would have been, obtaining open surgical biopsies in this
setting is impractical, and the approach we employed
allowed the calculation of test parameters that we believe
are important to define. Only one patient in this study had
revision surgery. In this patient, intraoperative findings
confirmed the pseudotumor that had been detected on both
ultrasound and SEMAC MRI. The other limitation for both
techniques is that no formal tests of reliability or repro-
ducibility were done. The authors believe this is important.
In this study, a second radiologist did confirm positive
results and the authors believe, while this is not a formal
test of reliability, it does show that both tests are certainly
reliable for positive findings. Finally, we used a new
technique for evaluation of patients with THA and possible
pseudotumors (SEMAC), and because we did not also
perform the MARS technique used by other authors [8, 25],
the two methods cannot be directly compared.

In this study, we found that both tests performed well for
initial assessment of pseudotumors in asymptomatic
patients with large-head MOM THAs. The prevalence in
this study was 31%, which is consistent with the literature
[28]. Both tests performed equally well, with no significant
difference in sensitivity or specificity found between the
two. Indeed the two tests agreed in 93% of patients. Both
ultrasound and SEMAC MRI showed high values for
parameters associated with validity of a screening test,
namely sensitivity and specificity.

Our findings support the use of ultrasound as a cost-
effective screening tool. The ideal screening test should be
inexpensive, easy to administer, and impose minimal dis-
comfort on the patient. It should also be valid, reliable, and
reproducible [17]. Our data suggest that ultrasound fulfills
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these criteria. In the United States, ultrasound costs USD
800 whereas MARS MRI costs USD 1500. For initial
screening of patients, this represents a savings of USD
700,000 for every 1000 patients screened. If every patient
with a positive ultrasound were to be subjected to an MRI
scan, the cost savings would decrease to USD 250,000 in
the same 1000-patient screening cohort, assuming a prev-
alence of 30%. If one takes the example of the DePuy
ASR™ large-head MOM hip, it is recommended that all
patients with this device have cross-sectional imaging.
Given that approximately 44,000 were implanted world-
wide, initial imaging with ultrasound represents a savings
of USD 11,000,000 for the screening of this one implant.
This highlights the importance of ultrasound as a screening
tool from a cost-effectiveness standpoint. Based on our
results, even a positive ultrasound does not necessitate an
MRI scan in the initial screening.

From this study, we cannot conclude which test is
superior for longitudinal followup of patients with pseu-
dotumors. For followup examinations, we assessed patients
at an average of 7 months from initial imaging. We found
substantial increases in lesion size in only two of eight
patients followed. In this study, no muscle damage was
detected on SEMAC MRI. This suggests that an interval of
longer than 6 months may be necessary for interval cross-
sectional imaging.

It should be noted that there are many MRI methods
tailored to reducing metal artifacts, usually trading between
short scans and extent of artifact reduction. View angle
tilting (VAT) [8] is a simple pulse sequence modification to
spin echo imaging to reduce in-plane displacements. For
both VAT and conventional sequences, parameters may
also be adjusted to reduce artifacts. For example, MARS
[25] augment VAT with high-bandwidth readouts to further
reduce displacement and avoid blurring. Note that the term
MARS is often used more generally to describe high-
bandwidth sequences with or without VAT. The use of
thinner slices can also reduce slice distortion. More recent
MSI techniques (SEMAC, MAVRIC, warp) build on
MARS by adding additional scan time to dramatically
reduce slice direction displacement artifacts [7, 18, 21, 27].
There are numerous other approaches to artifact reduction
in MRI, and like the methods referenced here, these con-
tinue to be refined and improved.

In conclusion, our study demonstrated that both ultra-
sound and SEMAC MRI have high sensitivity and
specificity for assessment of adverse reactions to metal
debris in asymptomatic patients with large-head MOM
THAs. Given its cost-effectiveness, we recommend ultra-
sound as the initial screening tool. A negative ultrasound in
the hands of an experienced technician rules out pseudo-
tumor because this test is 100% sensitive. In patients with a
positive ultrasound, the next decision is which test to use
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for longitudinal followup: MRI or ultrasound. The data
suggest that most likely the next imaging should be per-
formed at the 1-year mark, and the choice of MARS MRI
versus ultrasound remains to be clarified based on the
indications for revision surgery, which are still evolving.
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