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Aims
The aims of this study were to compare the diagnostic test characteristics of ultrasound 
alone, metal artefact reduction sequence MRI (MARS-MRI) alone, and ultrasound combined 
with MARS-MRI for identifying intra-operative pseudotumours in metal-on-metal hip 
resurfacing (MoMHR) patients undergoing revision surgery. 

Methods
This retrospective diagnostic accuracy study involved 39 patients (40 MoMHRs). The time 
between imaging modalities was a mean of 14.6 days (0 to 90), with imaging performed at a 
mean of 5.3 months (0.06 to 12) before revision. The prevalence of intra-operative 
pseudotumours was 82.5% (n = 33).

Results
Agreement with the intra-operative findings was 82.5% (n = 33) for ultrasound alone, 87.5% 
(n = 35) for MARS-MRI alone, and 92.5% (n = 37) for ultrasound and MARS-MRI combined. 
The diagnostic characteristics for ultrasound alone and MARS-MRI alone reached similar 
sensitivities (90.9% vs 93.9%) and positive predictive values (PPVs; 88.2% vs 91.2%), but 
higher specificities (57.1% vs 42.9%) and negative predictive values (NPVs; 66.7% vs 50.0%) 
were achieved with MARS-MRI. Ultrasound and MARS-MRI combined produced 100% 
sensitivity and 100% NPV, whilst maintaining both specificity (57.1%) and PPV (91.7%).

For the identification of a pseudotumour, which was confirmed at revision surgery, 
agreement was substantial for ultrasound and MARS-MRI combined (κ = 0.69), moderate for 
MARS-MRI alone (κ = 0.54), and fair for ultrasound alone (κ = 0.36).

Discussion
These findings suggest that ultrasound and/or MARS-MRI have a role when assessing 
patients with a MoMHR, with the choice dependent on local financial constraints and the 
availability of ultrasound expertise. However in patients with a MoMHR who require 
revision, combined imaging was most effective.

Take home message: Combined imaging with ultrasound and MARS-MRI always identified 
intra-operative pseudotumours if present. Furthermore, if neither imaging modality showed 
a pseudotumour, one was not found intra-operatively.

Cite this article: Bone Joint J 2016;98-B:40–8.

More than one million patients worldwide
have received large-diameter metal-on-metal
(MoM) arthroplasties of the hip.1 High
short-term rates of failure owing to pseudo-
tumour formation have been reported with
many MoM hip designs.2,3 Furthermore,
poor outcomes from revision surgery follow-
ing the development of a pseudotumour have
been reported,4,5 which is a concern given
most patients with these articulations are
young and active.6,7 

Currently most patients with MoM hip
arthroplasties are reviewed regularly as recom-
mended by worldwide regulatory authorities,
as it is perceived that early detection and revi-
sion surgery for pseudotumour may improve
the outcome.8-10 All authorities recommend
either ultrasound or metal artefact reduction
sequence magnetic resonance imaging (MARS-
MRI) for assessing the periprosthetic soft-
tissues around MoM hips.8-10 However, no
preference between these modalities has been
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identified, with the choice being left to the surgeon. This is
because many studies have shown that both these forms of
investigation are acceptable for identifying pseudotumour
formation in MoM hips.11-13 The relative merits of both
modalities have been described.14 The drawbacks of ultra-
sound are that it is operator dependent and can be difficult
to undertake in large patients, while MARS-MRI is more
costly (MARS-MRI estimated cost £216 vs £49 for a hip
ultrasound),15 time-consuming, and subject to prosthetic
artifact.

Four studies, including between 19 and 83 MoM hips,
have recently compared ultrasound and MARS-MRI for
assessing the status of MoM hips.14,16-18 Three showed that
ultrasound was effective,16-18 while the authors of a smaller
cohort study reported that ultrasound was inferior to
MARS-MRI for detecting pseudotumours.14 However,
these studies have important limitations, including delays
of up to one-year between performing ultrasound and MRI
in the same patient. Furthermore, studies have compared
these two imaging modalities either by using MRI as the
“gold standard” or by assuming agreement between
modalities was an acceptable result.14,16-18 The benchmark
for diagnostic accuracy in such a study should be correla-
tion with findings at the time of revision surgery. One study
did validate imaging findings but only in five patients
undergoing revision, with good correlation reported
between both modalities and the operative findings.14 

We first reported pseudotumours as a serious complica-
tion associated with MoM hip resurfacings (MoMHRs).19

We have performed revision surgery for this indication
since 2007, with many patients undergoing both ultra-
sound and MARS-MRI before revision. The aims of this
study were to compare the diagnostic test characteristics of
ultrasound alone, MARS-MRI alone, and ultrasound com-
bined with MARS-MRI for identifying intra-operative
pseudotumours in MoMHR patients undergoing revision
surgery. 

Patients and Methods
This retrospective diagnostic accuracy study was per-
formed at the Nuffield Orthopaedic Centre in Oxford.
Between December 2000 and November 2014, 216 consec-
utive MoMHR revisions (199 patients) were performed for
all indications. The details of each patient were prospec-
tively recorded in our institutional database. Most of the
MoMHRs (174; 81%) had been performed at this institu-
tion. The remainder (42; 19%) were referred from else-
where. Since 2007, most of the revisions of MoMHRs we
have conducted have been for pseudotumour formation
(133 of 216 revisions; 62%). 

At this centre, MoMHR has been performed as previ-
ously described.20 Patients have subsequently been recalled
and reviewed according to recommendations from regula-
tory authorities.8 Symptomatic patients have undergone
comprehensive investigation, including measurement of
the levels of metal ions in the blood and ultrasound

examination, which is our preferred cross-sectional imag-
ing modality.19,20 Asymptomatic patients have been fol-
lowed-up according to local protocols,8 although some
have also been investigated in the same manner as the
symptomatic cohort for the purposes of research.11 

The indications for performing MARS-MRI were:
patients in whom ultrasound was equivocal but a pseudo-
tumour or other hip pathology was suspected; or those in
whom ultrasound confirmed a pseudotumour or other hip
pathology, but more detailed anatomical information was
required before revision. The indications for revision have
evolved. Initially revisions were performed for pseudotu-
mours in symptomatic patients with large lesions. How-
ever, as short-term outcomes following revision were poor,4

the indications were broadened to include mildly sympto-
matic patients with smaller pseudotumours. 

Patients undergoing revision of MoMHRs for any indi-
cation with both an ultrasound and MARS-MRI scan per-
formed of the same hip before revision were eligible for
inclusion in the study (53 hips in 51 patients). Revisions did
not necessarily have to be performed for a pseudotumour as
we also wanted to investigate the ability of both forms of
imaging to exclude a pseudotumour. 

Imaging was performed at least one-year following pri-
mary MoMHR, because of difficulties in distinguishing
post-surgical changes from soft-tissue abnormalities within
this period; no hips were excluded for this reason.13 Fur-
thermore, both scans had to be performed within one year
before revision surgery, in acknowledgement of recent
observations that MARS-MRIs performed more than one
year before revision have poor sensitivity (29%) for detect-
ing a pseudotumour found at operation.21 Five hips were
excluded for this reason. Ultrasound and MARS-MRI had
to be performed in each patient within three months of each
other for inclusion in the study, as this interval has been
considered acceptable in previous studies.14,16-18,21 Eight
hips were excluded for this reason. The final cohort
included 40 MoMHRs in 39 patients undergoing imaging
with both ultrasound and MARS-MRI before revision sur-
gery (Table I). 

All ultrasound examinations were performed using a
high linear array transducer (Sonoline Antares, Siemens,
New York: 4-12 MHz and GE Logic E9 Wauwatosa, Wis-
consin: 5-15 MHz) after obtaining consent from the
patients. Probes of varying frequencies were used based on
the size of the patient. The scans were all performed by an
experienced musculoskeletal radiologist (SO: performed
over 500 ultrasound examinations for suspected problems
with MoMHRs), which has been recommended for achiev-
ing results comparable with MRI.16 The examinations were
performed with the patients supine initially and then in the
lateral decubitus position. All ultrasound examinations
were performed using a standard technique recommended
by the European Society of Skeletal Radiology,22 which
encompasses a systematic approach to assess the anterior,
medial, lateral and posterior regions of the hip. Standard
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sagittal oblique images were acquired by positioning the
probe parallel to the long axis of the femoral neck. The
probe was placed anteriorly, posteriorly, and directly lateral to
the femoral neck to obtain dynamic views of these regions.
Sagittal views along the axis of the femoral neck, anteriorly
and posteriorly, and coronal views over the greater trochanter
were stored. Any abnormalities were examined in multiple
planes, with images subsequently stored. All stored static and
dynamic images were available on the hospitals electronic pic-
ture archiving and communication system (PACS, GE Health-
care, Barrington, Illinois). The ultrasound examinations
typically took no longer than 15 minutes. 

All MRI images were obtained using a 1.5 tesla magnet
scanner (Symphony, Siemens, Erlangen, Germany) with an
optimised MARS as previously described.23 This included

short tau inversion recovery (STIR) coronal (field of view
(FOV) = 265 mm; time to resonate (TR) = 3500 ms; time to
echo (TE) = 32 ms; bandwidth = 305 Hz/pixel) and STIR
axial sequences (FOV = 240 mm; TR = 3810 ms; TE =
23 ms; bandwidth = 326 Hz/pixel), and T1-weighted coro-
nal (FOV = 265 mm; TR = 692 ms; TE = 6.6 ms; bandwidth
= 326 Hz/pixel) and axial sequences (FOV = 240 mm;
TR = 634 ms; TE = 7.2 ms; bandwidth = 326 Hz/pixel). The
thickness of the slices was 4 mm for all coronal and axial
sequences. The MARS-MRI examination typically took no
longer than 12 minutes.

In April 2015, all ultrasound and MARS-MRI images were
assessed by one experienced musculoskeletal radiologist
(RM). This radiologist was blinded to all clinical information,
including that patients subsequently underwent a revision.

Table I. The demographics of the patients in the study

40 hips in 39 patients

Gender (M/F) (%) 17 (42.5)/23 (57.5)
Mean age at primary (yrs) (range) 52.8 (28.7 to 71.8)
Mean BMI (kg/m2) (range) 29.9 (22.2 to 50.1)
Unilateral /bilateral metal-on-metal hips (%) 23 (57.5)/17 (42.5)
Hip resurfacing design (%)
Birmingham Hip Resurfacing (Smith & Nephew, Warwick, UK) 21 (52.5)
Conserve Plus (Wright Medical, Memphis, Tennessee) 15 (37.5)
Recap (Biomet, Bridgend, UK) 3 (7.5)
Articular Surface Replacement (DePuy, Leeds, UK) 1 (2.5)
Mean component sizes (mm) (range) Femoral 47 (40 to 54)

Acetabular 53 (46 to 60)
Acetabular component position (o)
Mean inclination (range) 49.6 (34.0 to 74.1)
Mean anteversion (range) 10.8 (2.0 to 33.0)
Abnormal radiographic features (%)
Acetabular loosening 7 (17.5)
Femoral loosening 2 (5.0)
Acetabular osteolysis 9 (22.5)
Femoral osteolysis 4 (10.0)
Femoral neck thinning 14 (35.0)
Femoral neck fracture 2 (5.0)
Heterotopic ossification 3 (7.5)
Median blood metal ion concentration in μg/l (IQR) Cobalt: 12.9 (2.4 to 61.5)

Chromium: 11.4 (3.4 to 54.9)
Median pre-revision Oxford hip score (0 to 48 scale) (IQR) 40.5 (27.0 to 47.0)
Mean pre-revision UCLA score (1 to 10 scale) (range) 5.7 (2 to 9)
Pre-revision symptoms (%)
Symptomatic 34 (85)
Asymptomatic 6 (15)
Systemic symptoms 1 (2.5)
Mean time between US and MARS-MRI (days) (range) 14.6 (0 to 90)
Mean time between imaging and revision (mths) (range) 5.3 (0.06 to 12)
Mean time from primary to revision (yrs) (range) 6.3 (1.7 to 11.5)
Mean age at revision (yrs) (range) 59.1 (40.0 to 77.7)
Indication for revision (%)
Pseudotumour 33 (82.5)
ARMD 5 (12.5)
Cup loosening 1 (2.5)
Femoral loosening 1 (2.5)

BMI, body mass index; IQR, interquartile range; MARS-MRI, metal artefact reduction sequence MRI; 
US, ultrasound; UCLA, University of California, Los Angeles activity score; ARMD, adverse reaction 
to metal debris
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Furthermore, images were reviewed in a random sequence to
ensure that the radiologist was blinded to the results from the
other modality when assessing the same MoMHR. 

Each scan was assessed using a standard proforma. The
radiologist categorically stated whether the scan was
normal or abnormal, and whether or not a pseudotumour
was present. The definition used for a pseudotumour for
both imaging modalities was a cystic, solid, or mixed mass
in continuity with the hip joint.19,23 For all pseudotumours,
the volume (product of the maximum recorded dimension
in each of three orthogonal planes in cm), consistency
(solid, cystic, or mixed) and location in relation to the pros-
thesis were recorded. Any other abnormalities observed on
ultrasound and/or MARS-MRI were also recorded, includ-
ing effusions (defined as a distance of > 4 mm between the
femoral neck and capsule),13 isolated distension and/or
thickening of either the trochanteric or iliopsoas bursa,
muscle atrophy (involving gluteus medius, gluteus mini-
mus, and iliopsoas), and abnormalities of tendons (avul-
sion, atrophy, ossification).

Revision procedures were performed by one of six
arthroplasty surgeons. All operation notes were retrospec-
tively reviewed by an independent observer (GM), who was
blinded to the results of the imaging. Findings were
extracted from the operation notes to determine the pres-
ence or absence of a pseudotumour. When pseudotumours
were present, their location and consistency (solid, cystic,
or mixed) were recorded with the latter being determined
by the surgeon’s observations of the thickness of the wall
and the content of the lesion.21 The same definition for a
pseudotumour at revision was used as that described for
imaging, with the additional caveats that the diagnosis was
confirmed on histopathological analysis,24,25 and microbi-
ological analysis confirmed an aseptic process. Similar to

the review of the imaging, all abnormalities other than
pseudotumours documented by the surgeon in the
operation notes at the revision procedure were also
recorded. Hips were considered to have been revised for
adverse reaction to metal debris (ARMD) rather than pseu-
dotumour when no pseudotumour was present but features
such as metallosis, synovitis, tissue damage and/or necrosis
were observed with histopathology confirming a reaction
to metal debris.21,24-26 
Statistical analysis. All statistical analysis was performed
using Stata Version 13.1 (StataCorp., College Station,
Texas). Either the median and interquartile range (IQR) or
the mean and range were used depending on the distribu-
tion of the data. The characteristics of the diagnostic test
(sensitivity, specificity, positive predictive value (PPV), neg-
ative predictive value (NPV), positive likelihood ratio and
negative likelihood ratio, all with 95% confidence intervals
(CIs)) for identifying MoMHRs with intra-operative pseu-
dotumours were calculated for: ultrasound alone, MARS-
MRI alone, and a combination of ultrasound and MARS-
MRI. The reference standard was defined as the presence or
absence of a histologically proven pseudotumour at revi-
sion surgery. The agreement of the imaging modalities
(both alone and in combination) with the operative findings
was measured using the kappa statistic (κ) with these values
considered to represent slight (0 to 0.20), fair (0.21 to
0.40), moderate (0.41 to 0.60), substantial (0.61 to 0.80)
and almost perfect (0.81 to 1.00) agreement.27 

Results
Revision surgery was performed for 40 MoMHRs in 39
patients (Table I). A total of 33 pseudotumours (82.5%;
95% CI 67.2 to 92.7) were found intra-operatively and
confirmed histologically. The other seven MoMHRs

Table II. Findings identified on imaging performed in 40 metal-on-metal hip resurfacings before revision surgery

Ultrasound MARS-MRI

Hips with 1 or more imaging abnormality (%) 38 (95) 38 (95)
Hips with any pseudotumour on imaging (%) 34 (85) 34 (85)
Median pseudotumour volume (cm3; IQR) 22.6 (6.6 to 111.2) 42.8 (6.9 to 131.7)
Pseudotumour consistency (%) 9 (26) Cystic 16 (48) Cystic

16 (48) Mixed 13 (38) Mixed
9 (26) Solid 5 (15) Solid

Pseudotumour location (%) 18 (53) Anterior only 14 (41) Anterior only
8 (24) Anterior + posterior, lateral, or medial

10 (29) Anterior + posterior, lateral, or medial 8 (24) Posterior only, or postero-lateral
5 (15) Posterior only, or postero-lateral 3 (9) Lateral only
1 (3) Medial only 1 (3) Medial only

Details of non-pseudotumour abnormalities (%) 15 (38) joint effusions (1 cm3 to 8.1 cm3) 25 (63) trochanteric and/or iliopsoas bursitis/dis-
tension

14 (35) trochanteric and/or iliopsoas bursitis/dis-
tension

19 (48) muscle atrophy (gluteus medius, gluteus 
minimus, iliopsoas, iliacus, obturator)

2 (5) trochanteric bursal thickening 8 (20) tendon abnormalities (including tears, avul-
sions and/or ossification of gluteus medius, glu-
teus minimus, and hamstrings)

1 (3) subgluteus medius bursitis 6 (15) bony erosions (acetabulum, proximal 
femur, femoral neck, pubic symphysis)

1 (3) heterotopic ossification 4 (10) joint effusions (1 cm3 to 13.2 cm3)

IQR, interquartile range; MARS-MRI, metal artefact reduction sequence MRI
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without a pseudotumour were revised for ARMD (five),
acetabular (one) and femoral component loosening (one).
Intra-operative pseudotumours were most commonly
cystic (23; 70%) or mixed (eight; 24%), and were most
frequently located anteriorly (19; 58%) followed by pos-
teriorly (five; 15%). 

The abnormalities detected in the 40 MoMHRs on ultra-
sound and MARS-MRI are summarised (Table II). The prev-
alence of pseudotumour detected by both imaging modalities
alone was identical (85.0%; 95% CI 70.2 to 94.3). The find-
ings on imaging agreed with the intra-operative presence or
absence of a pseudotumour as follows (these values also
represent the accuracy of imaging): 82.5% (n = 33) for
ultrasound alone, 87.5% (n = 35) for MARS- MRI alone,
and 92.5% (n = 37) for ultrasound and MARS- MRI com-
bined. There were nine hips (22.5%) in which the findings

from either ultrasound (four; Fig. 1), or MARS-MRI (two),
or both (three; Fig. 2) did not agree with the intra-operative
findings (Table III). 

The characteristics of the diagnostic tests for identifying
the presence or absence of a pseudotumour for ultrasound
alone and MARS-MRI alone reached similar sensitivities
(90.9% and 93.9%, respectively) and PPVs (88.2% and
91.2%, respectively). Higher specificities (57.1% vs 42.9%)
and NPVs (66.7% vs 50.0%) were achieved with MARS-
MRI alone compared with ultrasound alone (Table IV).
When the findings from ultrasound and MARS-MRI were
combined, the sensitivity and NPV both reached 100%
with maintenance of the specificity (57.1%) and PPV
(91.7%) (Table IV). Similar findings were observed for
agreement between the imaging modalities and the pres-
ence or absence of a pseudotumour at revision. Agreement

Disagreement of ultrasound with the presence of an intra-operative pseudotumour which was also confirmed on metal artefact
reduction sequence magnetic resonance imaging (MARS-MRI). A 60-year-old male with a Conserve hip resurfacing underwent
revision two years later; a large cystic psedotumour was identified intra-operatively and confirmed histologically; a) ultrasound
imaging showed a small effusion and a separate 4 mm fluid collection laterally; however there was no pseudotumour. b) MARS-
MRI was performed 61 days following ultrasound and confirmed a predominantly lateral cystic pseudotumour of 216 cm3 (cor-
onal image shown).

Fig. 1a Fig. 1b

Disagreement of both ultrasound and metal artefact reduction sequence magnetic resonance imaging (MARS-MRI) with the
absence of a pseudotumour intra-operatvely. A 59-year-old male with a Recap hip resurfacing underwent revision 4.9 years
later. At revision there was significant metallosis but no collection of fluid or pseudotumour. Histology confirmed a reaction to
metal debris. Ultrasound demonstrated separate a) anterior, and posterolateral cystic pseudotumours with a total volume of
288 cm3. MARS-MRI was performed 47 days following ultrasound and also demonstrated separate b) anterior, and posterior
mixed pseudotumours with a total volume of 260 cm3.

Fig. 2a Fig. 2b
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was substantial (κ = 0.69) for ultrasound and MARS-MRI
combined, moderate for MARS-MRI alone (κ = 0.54), and
fair for ultrasound alone (κ = 0.36) (Table IV).

Discussion
Ultrasound and MARS-MRI have previously been shown
to be useful for identifying problems associated with MoM
hips,11-13 with regulatory authorities recommending the use
of either modality during patient follow-up.8-10 More
recently studies have compared the use of these modalities
for assessing MoM hips, however these studies had impor-
tant limitations coupled with the lack of an international
consensus on the ideal modality to use.14,16-18 

Our study is the first to compare the characteristics of
ultrasound alone, MARS-MRI alone, and ultrasound
combined with MARS-MRI against the reference standard
of pseudotumours confirmed intra-operatively and histo-
logically, in 40 revised MoMHRs. The characteristics and
κ agreement of the imaging modalities suggest that all
three options can be used to identify the presence or
absence of a pseudotumour. However, there was a trend
supporting the combination of ultrasound and MARS-
MRI as the most effective, followed by MARS-MRI alone,
then ultrasound alone. Given the significant costs associ-
ated with these forms of imaging28 in MoMHR patients
and the requirement for experienced radiologists to per-

Table III. Details of the nine metal-on-metal hip resurfacings where either or both imaging modalities disagreed with the presence or absence of an
intra-operative pseudotumour

Patient age at 
revision (yrs)/
gender

Primary HR/time 
in-situ (yrs)

Time between 
ultrasound and
MARS-MRI 
(days)

Time between 
imaging and 
revision (yrs) Ultrasound findings MARS-MRI findings

Intra-operative revision + 
histology findings

50.6 Female Conserve/1.7 29 0.5 Solid pseudotumour 
(anterior/31 cm3)

Fluid in trochanteric bursa. 
No pseudotumour

Large cystic pseudo-
tumour (lateral)

33.0 Female BHR/4.3 37 0.4 Mixed pseudotumour 
(anterior/9 cm3)

Mixed pseudotumour 
(lateral/33 cm3)

ARMD with metallosis & 
granulation tissue. No 
pseudotumour

72.1 Female Conserve/3.6 17 1.0 No pseudotumour. 
Small effusion

Cystic pseudotumour 
(lateral/103 cm3)

Large mixed pseudotu-
mour (postero-lateral)

74.3 Male BHR/2.5 16 0.3 No pseudotumour. 
Trochanteric bursal 
distension

Cystic pseudotumour 
(anterior/114 cm3)

Large cystic pseudotu-
mour (anterior)

65.6 Female ASR/4.0 40 0.3 Mixed pseudotumour 
(anterior/50 cm3)

Normal scan ARMD with joint effusion, 
synovitis & metallosis. No 
pseudotumour

54.7 Male Recap/7.0 0 0.3 Mixed pseudotumour 
(anterior/23 cm3)

Cystic pseudotumour 
(anterior/5.4 cm3)

ARMD with acetabular 
osteolysis, synovitis & 
metallosis. No pseudotu-
mour

59.3 Male Recap/4.9 47 0.4 Cystic pseudotumour 
(anterior & postero-lat-
eral/288 cm3)

Mixed pseudotumour 
(anterior & posterior / 
260 cm3)

ARMD with metallosis. No 
pseudotumour

59.7 Male Conserve/2.0 61 0.8 No pseudotumour. 
Small effusion and
4 mm fluid collection
laterally

Cystic pseudotumour 
(anterior & lateral/216 cm3)

Large cystic pseudotu-
mour (lateral)

55.4 Female BHR/10.2 0 0.6 Solid pseudotumour 
(anterior/1 cm3)

Normal scan Small cystic pseudotu-
mour (anterior)

ARMD, adverse reaction to metal debris; BHR, Birmingham Hip Resurfacing; HR, hip resurfacing, MARS-MRI, metal artefact reduction sequence MRI;
ASR, Articular Surface Replacement

Table IV. Diagnostic test characteristics for imaging identifying an intra-operative pseudotumour in 40 revised metal-on-metal
hip resurfacings

Ultrasound alone MARS-MRI alone Ultrasound and MARS-MRI combined

Pseudotumour prevalence on imaging* 85.0 (70.2 to 94.3) 85.0 (70.2 to 94.3) 90.0 (76.3 to 97.2)
Sensitivity 90.9 (75.7 to 98.1) 93.9 (79.8 to 99.3) 100.0 (89.4 to 100.0)
Specificity 42.9 (9.9 to 81.6) 57.1 (18.4 to 90.1) 57.1 (18.4 to 90.1)
PPV 88.2 (72.5 to 96.7) 91.2 (76.3 to 98.1) 91.7 (77.5 to 98.2)
NPV 50.0 (11.8 to 88.2) 66.7 (22.3 to 95.7) 100.0 (39.8 to 100.0)
LR+ 1.6 (0.8 to 3.1) 2.2 (0.9 to 5.2) 2.3 (1.0 to 5.5)
LR- 0.2 (0.1 to 0.8) 0.11 (0.02 to 0.5) NA
Kappa statistic κ 0.36 (-0.02 to 0.74) 0.54 (0.19 to 0.90) 0.69 (0.36 to 1.0)

* Prevalence of pseudotumours confirmed intra-operatively and on histology (i.e. the gold standard) = 82.5% (95% confidence inter-
vals 67.2 to 92.7) 
PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR-, negative likelihood ratio; MARS-
MRI, metal artefact reduction sequence MRI 
All prevalence and diagnostic test characteristic values are provided as percentages with 95% confidence intervals provided in 
brackets 
NA, not able to calculate
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form ultrasound of the hip,11,13 we recommend that insti-
tutions choose the imaging option which best suits their
circumstances. 

One previous study attempted to validate ultrasound and
MARS-MRI findings with revision findings. Although
good correlation was reported, only five patients were
revised with delays of up to one year between performing
ultrasound and MARS-MRI in the same patient.14 Lainiala
et al validated findings from ultrasound29 and MARS-
MRI21 in MoMHR patients who subsequently underwent
revision for pseudotumour. The authors reported better
agreement for ultrasound (κ = 0.52 to 0.64)29 than MARS-
MRI (κ = 0.40),21 which is in contrast to our findings of
MARS-MRI alone (κ = 0.54) providing better agreement
than ultrasound alone (κ = 0.36). These differences may be
explained by the fact that all patients in the previous studies
had a MoM hip system which has subsequently been with-
drawn, which included stemmed devices, and also that
patients were not imaged with both modalities.21,29 

We found that the combination of ultrasound and
MARS-MRI provided substantial agreement (κ = 0.69) for
the detection of intra-operative pseudotumours, with
100% sensitivity and NPV while maintaining the specificity
(57.1%) and PPV (91.7%) compared with MARS-MRI or
ultrasound alone. Therefore, all patients with a pseudotu-
mour were correctly identified by combined imaging, and
those without a pseudotumour on combined imaging were
correctly confirmed as having no such lesions intra-opera-
tively. Although combined imaging did not miss any pseu-
dotumours, both ultrasound and MARS-MRI results taken
in isolation missed large pseudotumours. This provides
support for using combined imaging in MoMHR patients
who are thought to require revision when necessary
resources are available. 

There were three hips in which ultrasound and MARS-
MRI both identified a pseudotumour but no such lesion was
found at revision surgery. Although this may represent incor-
rect diagnosis at imaging, it could alternatively reflect sur-
geons inaccurately reporting the findings at revision, given
the retrospective design of the study. This could have resulted
in an underestimation of the diagnostic characteristics of the
imaging modalities for identifying the presence or absence of
a pseudotumour. Excluding these three hips improved the
characteristics of the diagnostic tests and agreement for
ultrasound alone (sensitivity 90.9%, specificity 75.0%, PPV
96.8%, NPV 50.0%, κ = 0.54 representing moderate agree-
ment), MARS-MRI alone (sensitivity 93.9%, specificity
100%, PPV 100%, NPV 66.7%, κ = 0.77 representing sub-
stantial agreement), and both modalities combined (sensitiv-
ity 100%, specificity 100%, PPV 100%, NPV 100%, κ = 1.0
representing perfect agreement). 

The best characteristics of cross-sectional imaging iden-
tifying pseudotumours in MoM hips were reported by
Garbuz et al.16 They assessed ultrasound against MRI and
reported 100% sensitivity, 96% specificity, 92% PPV, and
100% NPV with consensus between modalities used as the

reference standard.16 Our results for ultrasound and
MARS-MRI combined produced similar results to Garbuz
et al16 for ultrasound alone, although it is important to
consider the methodological differences between the stud-
ies. Garbuz et al16 concluded that ultrasound should be
used initially to screen patients with a MoM hip for pseu-
dotumour. However, our data suggest that if this approach
is used and the ultrasound is normal, MARS-MRI is
required to exclude a pseudotumour. Our data also suggest
that the converse is true. For institutions preferring to use
MARS- MRI initially, a normal MARS-MRI requires a sub-
sequently normal ultrasound to exclude a pseudotumour
beyond all doubt.

It has recently been reported that the guidance for the
follow-up of patients with a MoM hip around the world is
neither evidence-based nor financially sustainable, with
most protocols lacking the sensitivity to detect asympto-
matic pseudotumours.28 Regulatory authorities currently
recommend the use of either ultrasound or MARS-MRI as
first-line for imaging patients with a MoMHR.8-10

Although our data support this recommendation, we
observed that combined imaging produced optimal diag-
nostic characteristics and substantial agreement with the
intra-operative findings. Despite being more costly, the use
of both ultrasound and MARS-MRI to assess these patients
has the advantage of identifying non-pseudotumour
pathologies, which can be the source of symptoms.13,14

Given the time interval between imaging and revision in our
study, these recommendations only apply to the first year
following the initial imaging, after which time repeat imag-
ing may be required.

Importantly, our findings are based on patients requiring
revision surgery, and therefore may not apply to the many
well-functioning MoMHRs under surveillance. In this large
group of patients the cost of combined imaging is a more
pertinent issue. Screening with ultrasound or MARS-MRI
alone, both of which have been shown to be effective in
identifying the development and progression of pseudo-
tumours,11,12,30-32 may be more suitable for the purposes of
surveillance. Ultrasound also has the advantage of detect-
ing smaller lesions close to the prosthesis which may
require serial monitoring.17 

This study has limitations. Ultrasound is a dynamic
investigation, therefore the retrospective review of ultra-
sound reports and images could have affected interpreta-
tion. However, all original ultrasound imaging was
performed by an experienced musculoskeletal radiologist
as recommended,16 with all retrospective reviews per-
formed by a different but similarly experienced and blinded
musculoskeletal radiologist. In addition, dynamic images
were saved by the original radiologist if abnormalities were
identified and were also available for review. Furthermore,
in all cases the reports and images categorically confirmed
the presence or absence of a pseudotumour which was the
primary outcome of interest. Another limitation relates to
the selection bias introduced by our follow-up protocol.
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Ultrasound was used as the first-line investigation with
MARS-MRI subsequently performed only in more
problematic cases. The data presented may therefore
underestimate the diagnostic characteristics for ultrasound.
A superior study design would involve all patients who
undergo a MoMHR having both an ultrasound and
MARS-MRI regardless of the results, preferably on the
same day.

The potential limitations of surgeon reporting has already
been recognised, and this may explain some of the discrepan-
cies between the imaging and intra-operative findings. How-
ever, the presence or absence of a pseudotumour was always
clearly stated in the operation notes. Surgeons were not
blinded to the imaging findings, which is an unavoidable
limitation of this type of study and has been encountered
elsewhere.21 We applied a strict definition of pseudotu-
mour, which included communication with the joint and
incorporated histological findings. Earlier definitions of
pseudotumour were broader,12,19 and this must be consid-
ered when interpreting our results. The time between per-
forming ultrasound and MARS-MRI in our patients was a
maximum of three months, and similar or shorter than in
previous reports.14,17,18,21 However, this delay may explain
some discrepancies between the imaging and intra-opera-
tive findings. Finally, our findings may not be applicable to
stemmed MoM hip replacements.

We conclude that there remains a role for ultrasound
and/or MARS-MRI when assessing patients who have
undergone MoMHR. The choice of imaging will depend on
many factors, including the local financial constraints and
the available expertise with ultrasound. However, in
patients who have a MoMHR requiring revision, a combi-
nation of ultrasound and MARS-MRI was most effective in
detecting and excluding pseudotumours. Combined imag-
ing always identified intra-operative pseudotumours if pre-
sent. Furthermore, if neither imaging modality detected a
pseudotumour, one was not found at revision.
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