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ORIGINAL STUDY

The use of ultrasound in the diagnosis of adverse reaction to metallic
debris following metal on metal hip replacement

Kiran SiNaisetTi, PPJ Raju, Anthony NArRGOL
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Background and purpose: The role of imaging
in the diagnosis of adverse reaction to metallic
debris (ARMD) with metal on metal (MoM) hip
replacements is still unclear. A comparative study was
undertaken to evaluate the efficacy of ultrasound in
diagnosis of ARMD.

Patients and methods: The study group included 35
patients with a clinical and histological diagnosis of
ARMD. The control group included 16 asymptomatic
patients of MoM hip replacements with low blood
metal ions levels. Various sonographic features
around hip in patients diagnosed with ARMD were
recorded.

Results and Interpretation: Fluid collection around
iliopsoas and gluteal tendons following a MoM
hip replacement is highly suggestive of ARMD
and should not be thought of as an uncomplicated
tendonitis. This study shows ultrasound as a reliable
investigation in the diagnosis of ARMD following
MoM hip replacements.

Keywords : ultrasound ; metal on metal hip replacement ;
adverse reaction to metallic debris.

INTRODUCTION

Metal on metal (MoM) bearing surface for
hip replacement has been a cause for concern
in recent joint registry reports (7,24). Whilst hip
resurfacing has the advantage of femoral bone
conservation and was advocated for patients who
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are likely to outlive a primary conventional total hip
replacement, it has a unique set of complications
such as fracture neck of femur and adverse reaction
to metallic debris (ARMD). ARMD is a challenging
problem associated with MoM hip replacements,
an umbrella term encompassing metallosis,
pseudo-tumors and aseptic lymphocytic vasculitis
associated lesions (ALVAL) as there is no clear
consensus to differentiate each of the terminology.
This term has been used in previous publications
(16,18). The Medicines and Healthcare products
Regulatory Agency (MHRA) had earlier issued an
alert with reports of revision surgery for soft tissue
reactions following MoM hip arthroplasty (27,22).
Recommendations for blood metal ion level testing
and cross sectional imaging has been advocated
for symptomatic patients. The role of imaging in
the diagnosis of this complex problem is unclear.
A retrospective review of results in a comparative
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study was undertaken to evaluate the efficacy of
ultrasound in the diagnosis of ARMD.

PATIENTS AND METHODS

The study group included 35 patients (26 female
and 9 male) with a clinical and histological diagnosis
of ARMD following a MoM hip arthroplasty. Mean
age of the patients in the study group was 55.8
(range 40 -71) years. The control group included
16 asymptomatic patients (4 female and 10 male)
with metal on metal hip replacements, who had low
blood metal ions levels (Whole blood chromium
and cobalt levels less than 2 ug/L). The mean age
of the patients in the control group was 65.5 (range
32 — 80) years. The primary procedure was either
a MoM hip resurfacing arthroplasty or resurfacing
femoral head on a conventional femoral stem.
The hip resurfacing prosthesis used in patients
included in the study and control groups was
the Articular Surface Replacement (ASR® DePuy
International Ltd). The femoral component of the
ASR (ASR XL form) was used in some patients
with a stem (Corail or SROM® DePuy International
Ltd) to articulate with the standard ASR resurfacing
acetabular component. The bearing surfaces in
both the above forms of hip replacement are
therefore identical in terms of composition and
manufacturing processes. The study and control
groups have been drawn from a series of more than
500 ASR hips used at the senior authors centre
from 2004 to 2009. This series of patients has been
described previously in other studies. Only patients
who had ultrasound evaluation have been included
in the current study. All patients underwent the
primary hip arthroplasty through a posterior hip
approach by the senior author. All patients in the
study (ARMD) group subsequently underwent a
revision surgery to an alternative bearing surface
and intra-operative tissue samples were sent for
histological analysis. The histological features of
ARMD in our series have been described in detail
in previous studies (76,18). In general, most of the
tissues retrieved from ARMD patients exhibit two
dominant, and often co-existent, cellular responses:
histiocytic and lymphocytic.
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All ultrasound procedures were reported by a
musculoskeletal radiologist and the procedure was
performed using a high frequency probe of 9-13
MHz (Sonoline Antares® Siemens). All ultrasound
procedures were performed on the anterior and
lateral aspects of the operated hip. No specific
instructions of rest or exercise were given to the
patients prior to having the ultrasound. Some
of the patients in the later part of the series
had ultrasound imaging on the posterior aspect
along with the standard. Sonographic evidence of
fluid collection around the hip was recorded and
qualified by its site and characteristics (anechoic
or echogenic). It is not possible to quantify the
exact amount of fluid collection by an ultrasound
procedure. Anechoic effusion is a dark looking
area without internal echoes when compared to
echogenic effusion which contain internal echoes
or reflections. Iliopsoas and gluteal tendons along
with associated bursae were also characterised with
ultrasound imaging. Reflection of iliopsoas tendon
was noted on ultrasound of the anterior aspect of
hip at the level of acetabulum and traced till the
neck of femur. Normal tendons would inherently
have increased reflectivity. Abnormalities such as
low or absence of tendon reflection found during
the ultrasound procedures were recorded.

RESULTS

Study Group

All patients diagnosed with ARMD had
abnormalities identified on ultrasound. Sonographic
evidence of fluid inside the joint was noted in 30
patients (85.7 %) but fluid confined to the joint only
was seen in 2 patients (5.7%) out of 35 procedures.

Sonographic evidence of significant fluid
extravasation beyond the joint was seen in 33
patients (94.3 %). Amongst the patients with
fluid extravasation beyond the joint, 32 and 30
patients had collections in the region of iliopsoas
and trochanteric bursa respectively (Figure 1, 2).
Echogenic reflections in fluid collection were noted
in 31 out of 35 procedures (88.6 %).

Hypo-reflectivity of iliopsoas and gluteus
tendons was seen in some patients with echogenic
fluid collections around the hip. Absence of tendon
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Fig. 1. — (a, b): Ultrasound images for anterior aspect of hip
showing fluid collection and hypo-reflectivity of iliopsoas
tendon

reflection on ultrasound was seen in other patients
and this may be because of damaged or ruptured
tendons. Progression of such changes was noted
in 5 patients, who had a repeat ultrasound within
an interval of 3-6 months prior to the revision hip
surgery. 1 patient had a progression from anechoic
to echogenic joint effusion.

Control Group

Only one patient out of 16 patients in the control
group had a sonographic evidence of small anechoic
effusion inside the joint (6.25 %). No patient in the
control group had sonographic evidence of fluid
extravasation beyond the joint.
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Fig. 2. — (a, b): Ultrasound images for lateral aspect of
hip showing fluid collection and hypo-reflectivity of gluteal
tendons

The ultrasound findings in the study (ARMD)
group were statistically significant (p value < 0.05)
when compared to the control group (Bar diagram in
Figure 3). The sensitivity of the different ultrasound
findings varied for the diagnosis of ARMD (Table
I). The predictive values of individual ultrasound
features were analysed (Table I, III and IV).

Table I. — Sensitivity for different ultrasound findings
in ARMD diagnosis

Sensitivity
Fluid confined to the joint only 5.7 %

Fluid extravasation beyond the joint 94.3 %

Echogenic reflections 88.6 %
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Bar diagram showing comparison of ultrasound findings
in ARMD (study) and control groups
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Fig. 3. — Bar diagram showing comparison of ultrasound
findings in ARMD (study) and control groups

Table II. — Predictive values for ultrasound evidence of fluid
confined to the joint (or inside the joint only)

ARMD Diagnosis
Fluid confined to the joint
Positive Negative
Positive 2 1 3
USG Hip
Negative 33 15 48
35 16 51
Sensitivity =TP/TP+FN)=2/(2+33) = 57%
Specificity =TN/FP+TN) =15/(1+15) =93.7%

Positive Predictive Value =TP/(TP+FP) = 2/(2 + 1) =66.6 %

Negative Predictive Value =TN/(FN+TN) =15/(33 +15) = 31.25 %

DISCUSSION

Metal ion levels following hip resurfacing has
been related to the orientation, component size
and the type of prosthesis (3,817,19,28). Local
and systemic effects of metal ions following hip
arthroplasty has been discussed by several authors
(14). Willert et al described an immunological
reaction in retrieved periprosthetic tissues with
characteristic histological features of diffuse and
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Table III. — Predictive values for ultrasound evidence of fluid
extravasation beyond the joint

ARMD Diagnosis
Fluid extravasation beyond the
joint Positive Negative
Positive 33 0 33
USG Hip
Negative 2 16 18
35 16 51
Sensitivity =TPITP+FN) =33/(33+2)=94.3%
Specificity =TN/(FP+TN) = 16/(0 + 16) = 100 %

Positive Predictive Value = TP/(TP+FP)  =33/(33 + 0) = 100 %

Negative Predictive Value = TN/(FN+TN) =16/(2 + 16) = 88.8 %

Table VI. — Predictive values for ultrasound evidence of
echogenic fluid reflections

ARMD Diagnosis
Echogenic reflections
Positive Negative
Positive 31 0 31
USG Hip

Negative 4 16 20
35 16 51

Sensitivity = TP/TP+FN) = 31/(31 + 4)=88.6 %

Specificity =TN/(FP+TN) = 16/(0 +16) =100 %

Positive Predictive Value = TP/(TP+FP) =31/(31 +0) =100 %

Negative Predictive Value =TN/(FN+TN) = 16/(4 + 16) = 80%

perivascular infiltrates of T and B lymphocytes
and plasma cells (37). This feature of of aseptic
lymphocytic vasculitis associated lesions (ALVAL)
was suggested as a possible cause of failure in
MoM hip replacements (5,7). Hart et al have shown
the relationship of circulating metal ions to the
variation in lymphocyte counts following MoM hip
replacements (73).‘Pseudotumor’ is a term used to
describe the soft tissue mass in patients presenting
with varied problems following hip resurfacing

11/04/19 11:30‘ ‘



THE USE OF ULTRASOUND IN THE DIAGNOSIS OF ADVERSE REACTION 111

(10,25). Increased wear with MoM articulation is
described as a cause of pseudotumors and early
failure of MoM hip replacements (4,75). The outcome
for revision surgery following pseudotumor
formation is considered poor when compared to
that of revision of resurfacing for other causes
(11). There has been considerable debate amongst
orthopaedic surgeons and anxiety amongst general
practioners about the need for early diagnosis
of ARMD. Several hip surgeons have come up
with recommendations for blood metal ion level
testing and cross sectional imaging in symptomatic
patients with MoM hip replacements (9,29). This
is similar to the recommendations suggested later
by MHRA (21,22). Ultrasound has been suggested
as ‘probably the best initial investigation if a
pseudotumor is suspected’ (25). MRI, CT and
arthrography are other forms of imaging used
for investigation of this problem. Hart et al have
described a protocol to evaluate painful MoM hip
with the use of metal artifact reduction MRI, three
dimensional CT measurements of the component
position and metal ion analysis (72). Metal artifact
reduction sequence magnetic resonance imaging
(MARS - MRI) requires special software and has
logistical implications for routine use in evaluating
painful MoM. Several case reports have described
the varied presentation and different imaging used
for diagnosis of soft tissue mass formation in MoM
hips (2,6,23,30).

Ultrasound is an inexpensive, non-invasive and
dynamic investigation and has been shown to be
reliable in diagnosis of ARMD. Ultrasound has
no risk of radiation unlike other forms of imaging
such as CT scan which involves ionising radiation.
Ultrasound imaging is operator dependent and
requires considerable experience for the appropriate
interpretation. Ultrasound has been previously
used for investigation of painful conventional hip
replacements (26,27). Its role in evaluating painful
MoM hip replacements is still evolving. Our study
shows the high sensitivity for fluid extravasation
beyond the joint in diagnosis of ARMD following
metal on metal hip arthroplasty. Fluid collection
around iliopsoas and gluteal tendons is highly
suggestive of ARMD and should not be thought of
as an uncomplicated tendonitis.
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Diminished reflection of tendons seen in patients
with ARMD could be a nonspecific finding
because a similar appearance can be seen in an
uncomplicated tendonitis. But this was a consistent
ultrasound finding in the study group and would
be a useful feature for diagnosis of ARMD when
combined with other sonographic findings.

Recent MHRA alerts discuss the need for follow
up and evaluation of patients with painful MoM
hip replacements (27,22). Persisting groin pain
following a MoM hip replacement can be due to
several causes. A detailed clinical examination
and investigations are required to evaluate the
cause of such pain. Ultrasound findings in our
series may not be specific to ARMD but when
combined with clinical findings, was found to be
an extremely useful investigation. Other causes of
swelling and pain such as infection following any
form of total hip replacement should be excluded
before a diagnosis of ARMD is contemplated. Plain
radiographs have been used as a cost effective
tool to determine component orientation but some
authors would prefer a CT measurement to evaluate
component position (72,20). We feel that a CT scan
would be also useful for evaluating osteolysis,
particularly in patients with metallosis.

There are some limitations to our study
considering the small number of patients involved
in the control and study groups. The control group
is smaller than the study group. Whilst our study
showed high sensitivity and specificity for various
ultrasound findings in diagnosis of ARMD, it
would be difficult to generalize the reliability of
ultrasound characteristics as this is very much
operator dependent. The surgical approach and
technique could have some implication on the
ultrasound features of fluid distribution and tendon
reflection. These issues should have minimal effect
on our results because all patients in the study
and control groups had similar MoM bearing hip
replacement performed by a single surgeon (senior
author) through a standard posterior approach.
Although the radiologist was not prior informed
whether the patient was in the study or control
groups, it was not possible for a fully blinded study
as he would be aware of some patient symptoms
such as pain. We also recognize that this study does
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not describe the ultrasound characteristics of non-
ARMD diagnosis of painful MoM hips.

Use of ultrasound in evaluating painful MoM hips
has considerable implications with the feasibility of
using it as a screening investigation when compared
to the cost involved in using MRI for the same. We
recommend a standard protocol for ultrasound and
repeat examination in cases of equivocal initial
imaging for evaluating symptomatic patients with
MoM hip arthroplasty. We have seen a progression
of findings on ultrasound imaging in some patients,
who had equivocal findings on initial examination.
An experienced musculoskeletal radiologist would
be an asset to interpret the ultrasound images in
ARMD. Further studies, perhaps a randomised
study comparing ultrasound to other forms of cross-
sectional imaging like MRI may be useful in future.

Acknowledgments:

We acknowledge the advice and support of Mr.
Praveen Mereddy and Mr. David Langton.

REFERENCES

1. Australian Orthopaedic Association National Joint
Replacement Registry. 2014 Annual report. http://www.
njreentre.org.uk/njreentreReports,PublicationsandMinutes/
Annualreports/tabid/86/Default.aspx

2. Boardman DR, Middleton FR, Kavanagh TG. Abenign
psoas mass following metal-on-metal resurfacing of the
hip. J Bone Joint Surg Br. 2006 ; 88 : 402.

3. Brodner W, Bitzan P, Meisinger V ef al. Serum cobalt
levels after metal-on-metal total hip arthroplasty. J Bone
Joint Surg [Am] 2003 ; 85 : 2168.

4. Campbell P, Ebramzadeh E, Nelson S, Takamura
K, De Smet K, Amstutz HC. Histological Features of
Pseudotumor-like Tissues From Metal-on-Metal Hips. Clin
Orthop Relat Res. 2010. [Epub ahead of print]

5. Campbell P, Shimmin A, Walter L, Solomon M. Metal
sensitivity as a cause of groin pain in metal-on-metal hip
resurfacing. J Arthroplasty. 2008;23:1080. Epub 2008 Mar 14.

6. Clayton RA, Beggs I, Salter DM, Grant MH, Patton
JT, Porter DE. Inflammatory pseudotumor associated with
femoral nerve palsy following metal-on-metal resurfacing of
the hip. A case report. J Bone Joint Surg Am. 2008 ; 90 : 1988.

7. Davies AP, Willert HG, Campbell PA, Learmonth ID,
Case CP. An unusual lymphocytic perivascular infiltration
in tissues around contemporary metal-on-metal joint
replacements. J Bone Joint Surg Am. 2005 ; 87 : 18.

8. De Haan R, Pattyn C, Gill HS ef al. Correlation between
inclination of the acetabular component and metal ion

Acta Orthopeedica Belgica, Vol. 85 -1 - 2019

‘ ‘ Singisetti.indd 112

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

levels in metal-on-metal hip resurfacing replacement. J
Bone Joint Surg [Br] 2008 ; 90 : 1291.

. De Smet K, Campbell PA, Gill HS. Metal-on-metal

hip resurfacing: a consensus from the Advanced Hip
Resurfacing Course, Ghent, June 2009. J Bone Joint Surg
Br: 2010 ; 92 : 335.

Glyn-Jones S, Pandit H, Kwon YM et al. Risk factors
for inflammatory pseudotumour formation following hip
resurfacing. J Bone Joint Surg [Br] 2009 ; 91 : 1566.
Grammatopoulos G, Pandit H, Kwon YM ez al. Hip
resurfacings revised for inflammatory pseudotumour have
a poor outcome. J Bone Joint Surg [Br] 2009 ; 91-B : 1019.
Hart AJ, Sabah S, Henckel J, Lewis A, Cobb J, Sampson
B, Mitchell A, Skinner JA. The painful metal-on-metal
hip resurfacing. J Bone Joint Surg Br. 2009 ; 91 : 738.
Hart AJ, Skinner JA, Winship P, ef al. Circulating
levels of cobalt and chromium from metal-on-metal hip
replacement are associated with CD81 T-cell lymphopenia.
J Bone Joint Surg Br. 2009 ; 91 : §835.

Jacobs JJ, Campbell PA, T Konttinen Y. Implant Wear
Symposium 2007 Biologic Work Group. How has the biologic
reaction to wear particles changed with newer bearing surfaces?
J Am Acad Orthop Surg. 2008 ; 16 Suppl 1 : S49.

Kwon YM, Glyn-Jones S, Simpson DJ, Kamali A,
McLardy-Smith P, Gill HS, Murray DW. Analysis of wear
of retrieved metal-on-metal hip resurfacing implants revised
due to pseudotumours. J Bone Joint Surg Br. 2010 ; 92 : 356.
Langton DJ, Jameson SS, Joyce TJ, Hallab NJ, Natu
S, Nargol AV. Early failure of metal-on-metal bearings in
hip resurfacing and large-diameter total hip replacement: A
consequence of excess wear. J Bone Joint Surg Br: 2010 ; 92 : 38.
Langton DJ, Jameson SS, Joyce TJ, Webb J, Nargol
AVF. The effect of component size and orientation on the
concentrations of metal ions after resurfacing arthroplasty
of the hip. J Bone Joint Surg [Br] 2008 ; 90 : 1143.
Langton DJ, Joyce TJ, Jameson SS er al. Adverse
reaction to metal debris following hip resurfacing: the
influence of component type, orientation and volumetric
wear. J Bone Joint Surg Br. 2011b ; 93 : 164.

Langton DJ, Sprowson AP, Joyce TJ et al. Blood metal
ion concentrations after hip resurfacing arthroplasty: a
comparative study of articular surface replacement and
Birmingham Hip Resurfacing arthroplasties. J Bone Joint
Surg Br. 2009 ; 91 :1 287.

Langton DJ, Sprowson AP, Mahadeva D, Bhatnagar
S, Holland JP, Nargol AV. Cup anteversion in hip
resurfacing: validation of EBRA and the presentation of a
simple clinical grading system. J Arthroplasty. 2010 ; 25 :
607. Epub 2009.

Medicines and Healthcare products Regulatory Agency
(MHRA). Medical device alert. All metal-on-metal
(MoM) hip replacements (MDA/2010/33). www.mhra.
gov.uk/Publications/Safetywarnings/MedicalDeviceAlerts/
CONO079157

Medicines and Healthcare products Regulatory
Agency (MHRA). Medical Device Alert: DePuy ASR

11/04/19 11:30‘ ‘



23.

24.

25.

26.

‘ ‘ Singisetti.indd 113

THE USE OF ULTRASOUND IN THE DIAGNOSIS OF ADVERSE REACTION

acetabular cups used in hip resurfacing arthroplasty and
total hip replacement (MDA/2010/044). www.mhra.
govuk/Publications/Safetywarnings/MedicalDeviceAlerts/
CONO082089

Molvik H, Hanna SA, de Roeck NJ. Failed metal-on-
metal total hip arthroplasty presenting as painful groin
mass with associated weight loss and night sweats. Am J
Orthop (Belle Mead NJ). 2010 ; 39 : E46.

National Joint Registry for England and Wales. 2014
Annual Report. http://www.njrcentre.org.uk/njrcentre/
Reports,PublicationsandMinutes/Annualreports/tabid/86/
Default.aspx

Pandit H, Glyn-Jones S, McLardy-Smith P et al
Pseudotumours associated with metal on-metal hip
resurfacings. J Bone Joint Surg Br. 2008 ; 90 : 847.
Parrini L, Baratelli M, Parrini M. Ultrasound
examination of haematomas after total hip replacement. Int
Orthop. 1988 ; 12 : 79.

27.

28.

29.

30.

31.

113

Rezig R, Copercini M, Montet X, Martinoli C, Bianchi
S. Ultrasound diagnosis of anterior iliopsoas impingement
in total hip replacement. Skeletal Radiol. 2004 ; 33 : 112.
Epub 2003 Nov 6.

Shimmin AJ, Walter WL, Esposito C. The influence of
the size of the component on the outcome of resurfacing
arthroplasty of the hip: a review of the literature. J Bone
Joint Surg Br. 2010 ; 92 : 469.

Simpson JM, Villar RN. Hip resurfacing. BM.J. 2010 7 ;
341 : c3459.

Watters TS, Eward WC, Hallows RK, Dodd LG,
Wellman SS, Bolognesi MP. Pseudotumor with
superimposed periprosthetic infection following metal-on-
metal total hip arthroplasty: a case report. J Bone Joint Surg
Am. 2010 ; 92 : 1666.

Willert HG, Buchhorn GH, Fayyazi A et al. Metal-
on-metal bearings and hypersensitivity in patients with
artificial hip joints: a clinical and histomorphological study.
J Bone Joint Surg [Am] 2005 ; 87 : 28.

Acta Orthopeedica Belgica, Vol. 85 - 1 - 2019

11/04/19 11:30‘ ‘



