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INTRODUCTION

Total hip arthroplasty (THA) has been the principle
treatment of crippling hip arthropathy for several decades.!"
Nearly, 270,000 primary THA are performed each year in
the United States, and may number 570,000 by 2030.223
The latest generation of metal-on-metal (MOM) bearings
for THA feature reduced mechanical wear, increased
stability, and improved range of motion compared to
traditional metal-on-polyethylene (MOP) bearings.**!
However, the overall 5-year revision rate for MOM bearings
is 6.2%, which is actually more than double the risk of
revision for non-MOM bearings.!"! Aseptic loosening is
the most common reason for MOM THA failure, although
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Pseudotumors are a complication of hip arthroplasty. The goal of this article is to
review the clinical presentation, pathogenesis, histology, and the role of diagnostic
imaging in clinical decision making for treatment, and surveillance of pseudotumors.
We will discuss the multimodal imaging appearances, differential diagnosis,
associated complications, treatment, and prognosis of pseudotumors, as an aid to
the assessment of orthopedic prostheses at the hip.
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infection, metal adverse reaction, periprosthetic fracture,
hardware dysfunction, and malposition are also frequently
encountered.®

Adverse reaction to metal is associated with the
development of cystic or solid periprosthetic
pseudotumors.The associated terminology is controversial,
and these lesions also have been described as cysts,
bursae, inflammatory masses, and adverse reactions to
metal debris.”® Classically, a pseudotumor is defined as
a non-neoplastic and non-infectious mass resulting from
a circumscribed fibrous exudate of inflammatory origin,
fluid accumulation, or other cause. For the purposes of
this article, a pseudotumor is defined as a non-neoplastic
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and non-infectious cystic or solid mass associated with a
hip arthroplasty.

EPIDEMIOLOGY AND CLINICAL PRESENTATION

The natural history of pseudotumors is not well
understood.”! The prevalence following MOM THA is
1-399%.1'%12 pseudotumors, however, are often discordant
with the presence of patient symptoms or the requirement
for THA revision.%3 Asymptomatic pseudotumors are
incidental findings in 57-78% of cases."*'*1516l Symptomatic
pseudotumors, on the other hand, are less common.!'%3!
Patient complaints most often include groin pain, hip
discomfort, paresthesia, antalgic gait, and/or a palpable
mass.">'”! However, the actual rate of THA revision due to
symptomatic pseudotumor is only 1.7-5.6%.'318

ETIOPATHOGENESIS

Metal ions

Government agencies and medical organizations link metal
ionstotheadverse reaction to metal, including pseudotumor
formation.”*'” The Food and Drug Administration in the
United States and the Medicines and Healthcare Products
Regulatory Agency in the United Kingdom have recognized
serum chromium (Cr) and cobalt (Co) as surrogate markers
for evidence of metallic degradation of MOM THA.“'*I Local
metal concentrations in periprosthetic soft tissues also
have been investigated for associations with the adverse
reaction to metal.?”

All types of MOM THA bearings have been associated with
pseudotumors, including large head, small head, and hip
resurfacing prostheses.'#'320211 A less well-known fact,
however, is that pseudotumor formation also occurs in
association with MOP and ceramic-on-polyethylene (COP)
THA prostheses.!'”?22% Pseudotumor formation has been
even reported in the setting of unipolar hemiarthroplasty.?®!
Additional sites of MOM contact for hip prostheses are
the head-neck taper junction and neck-stem junction of
the femoral component of hip prostheses [Figure 1].127-3
These sites of MOM contact are a regular feature of many
MOM, MOP, COP, and other nonmetal bearing THA.[22-2431]
These“modular”systems were designed to bestow greater
intra-operative flexibility for surgeons.’? The modular
head-neck taper junction features a male component
(also known as the “trunnion”) and which is fitted to a
female component.”?”? Similarly, a femoral neck must be
fitted to the stem in modular neck-stem systems.

The degree of metal ion release from hip prostheses
is variable. In general, individual metallic particles
are <50 nm in size and are shed without visible damage to

Figure 1: 68-year-old woman with bilateral hip replacements presents with
acute right hip pain attributed to her hip prosthesis. Anteroposterior view
of the pelvis shows a right hip metal-on-metal total hip arthroplasty with
a metal-on-metal bearing articulation (short black arrow) and a femoral
head-neck taper junction (long black arrow). A modular femoral neck stem
junction (long white arrow) is present at the left hip metal-on-polyethylene total
hip arthroplasty. No radiographic evidence of an acute abnormality or visible
metallic debris is identified.

the prosthesis.*® By contrast, macroscopic metallic debris is
visible to the naked eye.?>3 Reported metal ions released
from prostheses include Co, Cr, nickel, titanium, aluminum,
and iron to name a few.23For MOM THA, mechanical edge
wear at the femoral-acetabular articulation is a prominent
source of metal debris.?#3% Fretting and corrosion are
additional modes of metallic degradation at the head-neck
junction taper and neck-stem junction of modular hip
arthroplasty prostheses.!'”2326:28311 Fretting is the process
of mechanical wear by microrepetitive sliding between
two metallic surfaces, whereas corrosion is the gradual
degradation of metal as a result of interaction with the
local surrounding environment.l'”! Predisposing factors
for metal ion shedding from modular interfaces include
(1) poor fit from component mismatch, (2) mismatch
of metal alloys, and (3) high frictional torque.!'722243236]
Complete eccentric wear of a polyethylene liner for MOP
THA creates abnormal contact between metallic femoral
and acetabular components and is another cause of metal
ion shedding.B”

HISTOPATHOLOGY

Periprosthetic tissues near sites of MOM contact
demonstrate a distinct pattern of inflammation.5® Two
prominent histologic features include a perivascular
lymphocytic infiltrate and an accumulation of plasma
cells in association with macrophages containing variable
amounts of metallic wear particles. The synovial linings of
tissues obtainedin MOMTHA are more frequently ulcerated
when compared to other types of implants.®® This unique
lymphocytic perivascular infiltration has been termed
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aseptic lymphocytic vasculitis-associated lesion.2** Two
different mechanisms for patient adverse tissue reaction
include metal hypersensitivity and high wear debris.
There is variability in the amount and distribution of
metal debris, degree of necrosis, and the number, type,
and arrangement of inflammatory cells. Macrophages
and lymphocytes are present in all cases; however,
patients with extensive infiltrates of macrophages tend
to have smaller lymphocytic aggregates [Figure 2].
This is more often seen in patients with high wear,
with macrophages containing high concentrations of
metal particles. Contrastingly, large, dense lymphocytic
aggregates are seen in association with small to moderate
amounts of macrophages in patients with suspected
metal hypersensitivity reactions [Figure 3]. Destruction
and ulceration of the synovial lining with adherent or
organized fibrin deposition and necrosis are commonly
seen, although the degree of involvement of the synovial
surface is often greater in patients with suspected metal
sensitivity reactions.”

IMAGING
Radiographs

A common set of radiographs includes anteroposterior (AP)
and lateral views of the hip and an AP view of the pelvis,
which are obtained for both immediate postoperative
assessment and long-term surveillance.'*"" However,
radiographs have poor sensitivity for detection of
pseudotumors, and orthopedic surgeons have a low
threshold to request cross-sectional imaging when a
pseudotumor is suspected.”

Figure 2: 70-year-old man with increasing left hip pain diagnosed with high wear
of a metal-on-metal total hip arthroplasty requiring left hip arthroplasty revision
surgery. (a) Light microscopy (H and E, x2.5) shows replacement of the synovial
surface by organizing fibrin (F), prominent infiltrates of macrophages (M) with
variable amounts of metallic wear debris and scattered perivascular lymphocyte
aggregates (arrow). (b) Light microscopy (H and E, x20) high power view of
the perivascular lymphocyte aggregate indicated by the arrow in (a) shows
prominent infiltrate of macrophages containing wear particles.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) is an excellent modality
for evaluation of periarticular soft-tissue complications
following hip arthroplasty. Pseudotumors have a variable
appearance on MRI [Figure 4] and generally show no
enhancement [Figure 5]. Pseudotumors range from discrete
thin-walled cystic lesions to ill-defined solid masses, often
associated with synovial thickening, surrounding fluid,
and/or scattered debris. Disruption of the pseudocapsule
is common, allowing decompression of fluid and debris
into adjacent periarticular bursae.

MRI artifacts are commonly encountered when imaging hip
prostheses. Local magnetic field inhomogeneity results in
several imaging artifacts, including spatial misregistration,
signal voids, and inhomogeneous fat suppression.?
Common metal artifact reduction sequences (MARS) MRI
techniques utilize fast-spine echo sequences in the axial,
coronal, and sagittal planes. Strategies for metal artifact
reduction can be achieved by increasing the amplitude
of the frequency encoding gradient so that it is as large as
possible compared to the susceptibility-induced gradients
produced in the tissue by the metal implant.“* Widening
the receiver bandwidth and using thinner sections are
also standard strategies for minimizing artifacts. Image
quality also can be improved by using a high number of
excitations, inversion-recovery, intermediate echo times for
fluid sensitive images, and a larger matrix in the frequency
direction.***! Several modern MRI scanners also have
vendor-specific MARS software which employs modified
spin-echo sequences with view angle tilting. Multiacquisition
variable-resonance image combination techniques now
allow for metal reduction on 3T as well as 1.5T systems.¢l

Figure 3: 58-year-old man with complaints of worsening right hip pain
diagnosed with metal hypersensitivity following surgery for revision of his right
hip metal-on-metal total hip arthroplasty. Light microscopy (H and E, x2.5)
shows replacement of the synovial surface by fibrin (F) and dense lymphocyte
aggregates (arrow) distal to the surface with an intervening layer of densely
hyalinized, paucicellular tissue.
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Figure 4: 75-year-old woman with a right total hip arthroplasty presents with a
pelvic mass of unknown origin. (a) Axial T 1-weighted magnetic resonance image
of the right hip shows a T1 intermediate pelvic mass (arrow) which is isointense
to skeletal muscle. 77-year-old female with a right iliopsoas mass and bilateral
total hip arthroplasty. (b) Cor T1 and (c) short tau inversion recovery-weighted
magnetic resonance images of the pelvis show a right-sided mass (arrows)
which is hyperintense on T1 and T2. sixty-seven-year-old female with a left total
hip arthroplasty and asymptomatic retroperitoneal mass. (d) Axial T2-weighted
magnetic resonance image shows a large T2 dark mass (arrow) in the expected
location of the left iliopsoas muscle.

An anatomic MRI grading system has been developed
for periprosthetic pseudotumors. Pseudotumors are
classified into three groups: Type | are thin-walled cystic
masses (cyst wall <3 mm), Type Il are thick-walled cystic
masses (cyst wall >3 mm, but less than the diameter of
the cystic component), and Type Ill are predominantly
solid masses. Severity of symptoms and revision rates
have been shown to increase from Type | to Type 1.1+
Alternative grading schemes also have been used with
similar groupings of findings.l>#8 In addition, predictive
models have been recently developed for assessment of
adverse tissue reactions and tissue destruction on MRL¥

Computed tomography

Computed tomography (CT) is a useful multiplanar
imaging tool for the assessment of hip implants. CT is
advantageous for evaluating bones, hardware, and bone
cement, as well as heterotopic ossification, osteolysis,
periprosthetic fracture, and metallosis.”*®? CT allows for
depiction of radiographically occult cystic and solid
pseudotumors [Figures 6a and 7a], although this modality
is less sensitive than MRI for evaluation of adverse
local tissue reactions.***1 CT, however, is indicated for
individuals who cannot tolerate MRI or who have extensive
MRI-associated artifacts. The administration of iodinated
contrast is useful for the localization and characterization
of periarticular cystic pseudotumors, bursal-centered
masses, and soft tissue fluid collections. Comparison of
enhanced and unenhanced CTimages is necessary for solid
pseudotumors, since a paucity of actual enhancement is

Figure 5: 68-year-old woman with a left total hip arthroplasty and concern
for a malignant left-sided periarticular mass. (a) Axial T1-weighted magnetic
resonance image shows a focal left-sided periarticular mass (arrow) which
hyperintense to skeletal muscle. (b) Contrast-enhanced axial T1-weighted
magnetic resonance image shows similar appearance to the noncontrast
sequence, although the T1 hyperintense nature of the mass (arrow) limits
diagnostic sensitivity for detection of enhancement. (c) Axial subtraction
sequence magnetic resonance image (produced by subtraction of the pre- and
post-T1-weighted sequences) shows no enhancement of the mass (arrow).

expected and internal debris within the mass may mimic
enhancement when no unenhanced images are available
for comparison [Figure 71.

Beam-hardening, scatter, and photon starvation
artifacts are the major causes of CT image degradation
when imaging metallic implants.®® There are several
strategies for metal artifact reduction on conventional
CT when scanning prosthetic hip implants, including
increasing tube current (350-650 mAs), increasing peak
kilovoltage (using 140 kVp instead of 120 kVp), using
narrow collimation (0.625-0.75 mm), reducing pitch (<1),
and avoiding dose modulation.5%2 Postprocessing
techniques are useful for further reduction of metal
artifact. These include the use of iterative reconstruction,
soft tissue reconstruction algorithms, thicker slices for
multiplanar reformatted images, and vendor-specific metal
reduction software.”® Dual energy CT, where available,
offers additional metal reduction capabilities compared
to conventional CT.5

A grading scheme has been devised and validated for
postoperative changes seen on CT. The grading system
distinguishes between three categories of capsular
changes (A, B, and C). Category A consists of those
patients with a normal postoperative appearance or
reactive capsular thickening without posterior bulging
beyond the neck of the prosthesis or eccentric capsular
enlargement. Category B includes those patients with
bulging of the capsule both anteriorly and posteriorly.
Category C contains those patients with eccentric capsular
enlargement predominantly inferomedial to the prosthetic
head as well as extensive filling of the subtrochanteric bursa
posterior and/or filling of the iliopectineal bursa anterior
with potential extension into the abdominal cavity.®
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Ultrasound

Ultrasound is useful for the identification and
characterization of periprosthetic masses, due to its
portability and availability for patient care. Examinations
are conducted with a low-frequency probe using gray-scale
imaging at the anterior, lateral, and posterior aspects
of the hip.I'¥ Pseudotumors have a varied appearance
on ultrasound: (1) Simple fluid-filled mass with a thin
wall, (2) solid mass with no significant fluid component,
or a (3) complex cystic fluid-filled mass with thick walls
and/or solid internal components [Figures 6b and 7b].>%
Pseudotumors usually demonstrate no significant internal
vascularity on duplex color or power Doppler imaging.”!

The operator-dependent nature of ultrasound is a potential
pitfall of this modality, as well as the familiarity of the
sonographer with hip imaging. In comparison to MARS
MRI, ultrasound is considered to be less practical for
preoperative planning and long-term surveillance.”
Direct communication between the radiologist and
surgeon regarding the extent of pseudotumor-related
sonographic findings also takes on increased importance
compared to other cross-sectional imaging modalities,
since nonradiologists may feel less confident about viewing
ultrasound images on their own.5®

Arthrography
Arthrographyis a useful adjunct modality for problem-solving
in certain cases.”*%% The visualization of contrast filling a
periarticular mass following intra-articular injection confirms
communication with the hip joint and favors a pseudotumor
over a malignant mass [Figure 8]. However, the lack of
contrast filling a periarticular mass on arthrography does
not rule out pseudotumor as the diagnosis.

DIFFERENTIAL DIAGNOSIS

Malignant masses

Periprosthetic primary malignant tumors are rare in the
setting of hip arthroplasty, with an estimated incidence
of 1.43/100,000." Malignant fibrous histiocytoma is
the most common periprosthetic soft tissue malignant
neoplasm, although liposarcoma, synovial cell sarcoma,
malignant peripheral nerve sheath tumor, and non-Hodgkin
lymphoma, among others, have been reported.['6
Periprosthetic malignant tumors of bone also have
been infrequently reported, including osteosarcoma,
chondrosarcoma, malignant fibrous histiocytoma,
fibrosarcoma, epidermoid carcinoma, and non-Hodgkin
lymphoma.®®’-¢¢! Although metastasis to bone is by far
the most common form of malignant bone tumor, only a
handful of case reports exist in the literature at the site of
THAE!

1-S
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Figure 6: 69-year-old woman with a right total hip arthroplasty presents with
the right hip pain and swelling. (a) Contrast-enhanced coronal computed
tomography image of the right hip shows a large cystic-appearing mass (arrow)
associated with the right hip and extending into the subcutaneous soft
tissues. (b) Duplex color Doppler ultrasound confirms the cystic nature of
the mass. The mass is avascular, contains anechoic fluid (asterisk), and has
layering internal echogenic debris (arrow).

Figure 7: 69-year-old woman complains of on-going right hip pain following
placement of a right total hip arthroplasty. (a) Contrast-enhanced axial computed
tomography image of the right hip shows a large mixed density mass (arrow) in
the posterior compartment of the right thigh. (b) Duplex color Doppler ultrasound
shows an avascular mass (arrow) with mixed internal echogenicity and posterior
acoustic enhancement.

Figure 8: 75-year-old woman with a right total hip arthroplasty and a mass of
unknown origin, referred to radiology to investigate possible communication of
the mass with the right hip joint. (a) Coronal short tau inversion recovery-weighted
magnetic resonance image of the right hip shows a heterogeneously bright T2
mass (arrow) in the pelvis abutting the medial wall of the right acetabulum.
(b) Anteroposterior fluoroscopic spot arthrogram image of the right hip show a
metal-on-polyethylene total hip arthroplasty with a modular femoral neck-stem
junction. A spinal needle is positioned into the right hip joint and contrast flows
into the pelvic mass (arrow) after injection, confirming the mass is associated
with the total hip arthroplasty.

Despite the relative common incidence of pseudotumors
and rarity of malignant neoplasms, patients are often
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alarmed by the discovery of a periprosthetic “mass”.
Unfamiliarity with pseudotumors also may lead radiologists
and clinicians to misinterpret these masses as worrisome
for malignancy. This situation not uncommonly leads
clinicians to request biopsy. However, biopsy is not without
risk, since pathologists unfamiliar with pseudotumors
may be confused by the histology or may misinterpret
tissue specimens as suspicious for malignancy.? The
misdiagnosis of pseudotumor as a spindle cell sarcoma
is a pitfall, and close communication among clinicians,
radiologists, and pathologists is necessary for ensuring
accurate interpretation of biopsy results.®”

Benign masses

Seroma and hematoma formation are well-known
complications of hip arthroplasty.® Seromas are simple
fluid collections occurring along the surgical tract or
periarticular soft tissues of the hip. Hematomas are caused
by bleeding in the juxtaarticular soft tissues or along the
surgical tract. In general, hematomas have a variable
appearance on cross-sectional imaging, depending on
the age of the mass.'* Hematoma formation is also a
known complication of anticoagulants.® Seroma and
hematoma are differentiated from a pseudotumor by their
development in the immediate postoperative period and
subsequent resolution over time.

Soft tissue abscess is an additional periarticular mass
which must be distinguished from pseudotumor. Local or
systemic symptoms and signs related to pain, erythema,
fever, malaise, and palpable mass prompt a clinical work
up to rule out this diagnosis.”® Peripheral enhancement
of the cystic fluid collection is the typical finding on
postcontrast imaging.”’" Ultimately, positive cultures
following percutaneous aspiration or surgical debridement
confirm the diagnosis.

PSEUDOTUMOR-RELATED COMPLICATIONS

Pseudotumors exert direct pressure effects on adjacent
structures. Compression of intrapelvic and thigh veins
are associated with the development of deep venous
thrombosis.”>”* External compression of venous structures
also has been described which produce lower extremity
edema and mimic the clinical symptoms and signs of deep
venous thrombosis.®*747I Femoral and sciatic nerve palsy
are known to occur following compression or encasement
by an adjacent pseudotumor.®87¢ Ureteral obstruction and
vesical compression are urinary complications.””78

Periarticular soft tissue and bone destruction are other
complications of pseudotumor formation.??5¢7° Dehiscence
of thigh and gluteal muscular compartments following

periarticular infiltration often leads to instability and
recurrent dislocations.”%7%

TREATMENT AND PROGNOSIS

Clinical management of pseudotumors is controversial
since there is no clear consensus for optimal treatment
or surveillance."” What is clear regarding pseudotumors,
however, is the propensity for poor outcomes following
surgical intervention.!"®'® The incidence of major
complications following revision hip arthroplasty due to
pseudotumor occurs in up to 50% cases compared to only
14% for all other indications.” Nearly, one-third of patients
revised for pseudotumor will receive additional revisions,
with many experiencing the same level of pain and hip
dysfunction that existed before the primary surgery.’?
Coordination among several surgical subspecialties for
a staged intervention is often necessary due to the
pseudotumor location and extent of tissue destruction.®®
The difficult nature of revision arthroplasty contributes
to poor outcomes, especially with solid pseudotumors.®®

Although there is no validated algorithm for treatment and
surveillance of pseudotumors, there is four basic elements
in current clinical practice: (1) Clinical examination, (2) hip
radiography, (3) cross-sectionalimaging, and (4) serum metal
ion evaluation.' Patients report subjective complaints and
surgeons assess for objective abnormalities at the time of
clinical examination. This step is critical for subsequent
clinical decision making, since this process identifies a hip
as symptomatic or asymptomatic. Hip radiographs are
obtained to establish a baseline examination and providing
long-term surveillance. However, radiographs are of limited
usefulness for the symptomatic hip when the arthroplasty
appears normal.'"” Cross-sectional imaging methods, on
the other hand, are sensitive for the diagnosis of cystic
and solid pseudotumors.#48355561 MR, CT, and ultrasound
studies provide information necessary for clinical decision
making, treatment, and surveillance.!*58¢7]

Governmental agencies, such as the Medicines and Health
Care Products Regulatory Agency in the United Kingdom,
have stated that serum Cr and Co metal ion levels >7 ug/L
are worrisome in the setting of unilateral MOM THA.['"!
However, the use of a specific “threshold” metal ion level is
considered controversial by the medical community, since
asymptomatic pseudotumors not uncommonly present
with levels >7 ug/L and symptomatic hips often present
with levels <7 ug/L."®'¥ Some investigators have proposed
a normal range for Co (0-4.0 ug/L) and Cr (0-4.6 ug/L),
although this subject remains controversial."” Nonuniform
application of metal ion levels for clinical decision making
exists in current practice.l's'

6
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Despite the lack of general consensus, there are
certain trends for the management of pseudotumors.
Symptomatic hips associated with pain and dysfunction,
large pseudotumors, and elevated metal ion levels are
likely to receive consideration for revision arthroplasty.
Pseudotumors without associated pain, dysfunction, or
elevated metal ion levels are more likely to receive ongoing
surveillance without surgical intervention. Pseudotumors
with serum metal ion levels >20 ng/L, with or without
symptoms, are likely to receive serious consideration for
revision arthroplasty since these cases are associated with
severe cardiac and neurological complications from metal
poisoning.'927

CONCLUSION

Hip arthroplasty is the principle treatment option for
crippling arthropathy. Pseudotumors manifestin a varying
range of clinical presentations, occurring in patients with or
without symptoms. Knowledge of the imaging appearance
and pathogenesis of pseudotumors will aid clinical decision
making for patients with hip arthroplasty.
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