
PSEUDOTUMORS  Vasu Pai 
 

ARMD   Adverse reaction to metal debris.  Langton identified that there is no clear 

consensus in the literature defining the boundaries of the terms “metallosis”, “aseptic 

lymphocyte-dominated vasculitis-associated lesions” (ALVAL), and “pseudotumors” 

and used the term adverse reactions to metal debris  

 FACTORS 

 
 

The duration of follow-up did not prove to be a predictor. In some developed 

between 1.5 and two years postoperatively, suggesting patient susceptibility is an 

important etiological factor. In revision surgery, 98 pseudotumors were found in 

167 ASR MoM hips (59%). 

 

Some studies have suggested that edge-loading, resulting from adverse cup 

orientation, leads to more wear. In a  recent study it was shown a rate of pseudotumor 

formation in hips with well-positioned metal-on-metal hip replacements to be similar 

to that in hips with replacements positioned outside the safe zone. Inclination angle 

did not prove to be a predictor in a recent study.  

 

PATHOGENESIS 

Metal-on-metal articulations generate approximately 6.7 · 1012 to 2.5 · 1014 particles 

to a cemented femoral stem in a conventional total hip re-
placement11. These pseudotumors are often associated with
discomfort, pain, or osseous erosion12 or with pressure effects
on vital structures in the vicinity, including veins13, nerves14,
and ureters15. A common factor in most patients has been in-
creased implant wear either due to a wear-prone bearing or to
suboptimal component positioning16.

The recent focus on pseudotumors associated with
metal-on-metal bearings indicates that pseudotumors are as-

sociated not only with a soft-tissue mass and osseous changes
of osteolysis and erosions but also with damage to the periar-
ticular soft tissue. The damage may lead to soft-tissue and
muscle necrosis, osseous denudation, pathological fractures,
and hip dislocations. The problem of hypersensitivity to metal
in patients with metal-on-metal bearings17,18 has been sus-
pected, investigated, and debated19,20 for over thirty years.

We review the literature to understand the current evi-
dence of the incidence, symptoms, causes, and treatment of

Fig. 1

The diagram shows the causes and local adverse effects of excess metal debris, which have been described in association with all types of hip
replacements and are not exclusive to metal-on-metal bearing replacements.

Fig. 2

The wide spectrum of clinical problems associated with excess metal debris. ALVAL = aseptic lymphocyte-dominated vasculitis-associated lesions, and
AVN = avascular necrosis.
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every year, which is 13,500 times the number of polyethylene particles produced from 

a typical metal-on-polyethylene bearing.  

 a. Polywear and pseudotumor 

Polyethylene debris is taken up by macrophage giant cells that release prostaglandin 

E2, which resorbs bone, causing the implant to loosen and leading to a vicious cycle 

of wear and loosening.  Usually represent a nonspecific foreign-body reaction. 

b. Metallosis and pseudotumor 

Willert et al. revealed an active cellular reaction with diffuse and perivascular 

infiltrates of lymphocytes and plasma cells, increased endothelial venules, fibrin 

exudation, accumulation of macrophages with drop-like inclusions, and infiltrates of 

eosinophilic granulocytes and necrosis. These histological findings were described as 

ALVAL  [hypersensitivity reaction]  

 

Incidence: It was thought to be 1% symptomatic pseudotumor and 5% asyptomatic 

pseudotumor with surface replacement [high in modular  due to increase trunion 

corrosion as in ASR]. Recent report [JBJS 95-A,17:1560] indicates the prevalence of 

pseudotumors was high (28%). Most of the pseudotumors (72%) were asymptomatic. 

Recently Williams et al. found a 25% prevalence of pseudotumors detected by 

ultrasound in twenty asymptomatic hips after a resurfacing arthroplasty  

 

Modes of failure metal on metal [Orthop Clin N Am 46 (2015) 185–192]  

1.   Biological mechanism:  

ALTRs [associated lesion tissue reactions] caused by the inflammatory 

response to metal debris. These local responses can result in tissue necrosis 

and adverse soft tissue reactions. It is likely a type IV hypersensitivity 

response initiating T lymphocytes and macrophages to create a cytotoxic 

inflammatory response  [originally described as ALVAL] 

2.   Corrosion in Hip arthroplasty at Trunion: Newly described complication of 

modularity of Hip joint.   It occurs at head neck junction. It gives rise to 

ALTR. Mechanically assisted crevice corrosion between two metallic surfaces 

can wear away the protective oxide layers on the metal surfaces. Once the 



oxide layer is compromised, corrosion at the junction can occur through a 

complex chemical reaction. Taper corrosion is often treated with head ball 

exchange with placement of a ceramic head ball with a titanium sleeve.  

3.    Cup malalignment: A high abduction angle leads to diminished bearing 

lubrication leading to increased ion release and soft tissue reactions. A 

relatively horizontal cup position may increase lubrication leading to 

improved wear characteristics. Unfortunately, may account for edge loading. 

CLINICAL FEATURES 

1.   Painful THR with or without click 

2.   Pain is usually in the groin or trochanteric region 

3.   Pressure effects on vital structures in the vicinity, including veins, nerves, and 

ureters.  

4.   Suboptimal component positioning 

The recent focus on pseudotumors associated with metal-on-metal bearings indicates 

that pseudotumors are associated not only with a soft-tissue mass and osseous 

changes of osteolysis and erosions but also with damage to the periarticular soft 

tissue. The damage may lead to soft-tissue and muscle necrosis, osseous denudation, 

pathological fractures, and hip dislocations. The problem of hypersensitivity to metal 

in patients with metal-on-metal bearings has been suspected, investigated, and 

debated for over thirty years.  

 
INVESTIGATIONS 

1.   Suspect: when there is groin and hip pain. Urine and Serum for Chromium 

and Cobalt Whole-blood metal ion levels were slightly elevated (cobalt 7.5 

ppb and chromium 5.8 ppb; [normal reference values are < 0.8 ppb for Co and 

Cr]  

2.    Radiographs to exclude aseptic implant loosening, femoral neck stress 

fracture or collapse of the femoral head, and femoroacetabular impingement.  

Identify prosthesis: ASR more than Birmingham 

3.   Alignment: more with malaligned [due to edge loading] more with excessive 

cup inclination or anteversion.  



4.  Multi-slice computed tomography scanning is necessary to assess femoral   

      neck anteversion.  

     5. MRI Types of Pseudotumors 

I  Thinned wall cyst    II  Thick walled cyst 

 

 
 

III Predominantly solid swelling extending to Iliopsoas area 

 
 

 
7. Hematologic testing and microbiological assessment of joint aspirate is needed to 
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controlled for by performing the same analyses with all 12 
bilateral patients excluded. IBM SPSS Statistics 20 was used 
for statistical analysis.

Ethics
The institutional review board approved this study (April 27, 
2011; R11006) and procedures followed were in accordance 
with Helsinki Declaration of 1975. Informed consent was 
obtained from all participants.

Results
Perioperatively, pseudotumors were found in 98 hips (59%). 
Of these, 87 were fluid-filled, 2 appeared solid, and 9 were 
of mixed type. All 167 hips had intracapsular ARMD lesions 

such as metallosis, synovitis, capsular necrosis, osteolysis, or 
any combination of these findings (Table 1).

Based on imaging, a pseudotumor was detected in 79 hips 
(Table 2). Preoperative MRI provided a sensitivity of 71% 
(CI: 62–79) and a specificity of 87% (CI: 77–93) for detecting 
pseudotumors. Thus, MRI had a positive predictive value of 
89% (CI: 80–94) and a negative predictive value of 68% (CI: 
58–77). Sensitivity and specificity were similar in the THR 
group (72% and 89%) and the HR group (68% and 79%). Of 
the 28 pseudotumors that were not detected by MRI, 27 were 
fluid-filled and 1 was mixed-type. 9 pseudotumors seen in pre-
operative MRI were not found during revision surgery.

Figure 1. Images from a 70-year-old man who had undergone total hip 
arthroplasty of the right hip 3.4 years earlier. He had a tingling sensa-
tion in the trochanteric region and the replaced right hip made clacking 
sounds. Whole-blood metal ion levels were slightly elevated (cobalt 7.5 
ppb and chromium 5.8 ppb; normal reference values are < 0.8 ppb 
for Co and Cr). Axial view of a thin-walled cystic pseudotumor in the 
greater trochanteric region (arrows) with fluid-like low signal intensity 
in T1 (panel A) and high in STIR (B). A thin-walled and fluid-filled pseu-
dotumor with metal staining was encountered at revision surgery (C). 

Figure 2. Images from a 64-year-old woman who had undergone total 
hip arthroplasty of the right hip 4.7 years earlier. She had stiffness and 
exercise-related pain in the replaced right hip. Whole-blood cobalt was 
6.9 ppb and chromium was 4.8 ppb (normal reference values are < 0.8 
ppb for Co and Cr). A thick-walled pseudotumor with solid content was 
seen extending posterolaterally from the hip joint region on the right 
side. Variable signal intensity was seen in axial T1 (panel A). Synovial 
hypertrophy was best seen in coronal STIR view (B). A mixed-type 
pseudotumor with thick walls and partially solid contents was seen at 
revision surgery (C).
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If MRI was performed less than 3 months before revision 
surgery, it provided a sensitivity of 88% and a specificity of 

Figure 3. Images from a 43-year-old woman who had undergone total 
hip arthroplasty of the left hip 2.5 years earlier. Her replaced hip made 
clacking sounds, and she also had intense pain in both the groin and 
in the trochanteric region during exercise—and even at rest. Whole-
blood cobalt was 8.8 ppb and chromium was 3.1 ppb (normal ref-
erence values are < 0.8 ppb for Co and Cr). A. Axial T1 view of a 
thick-walled partly cystic large pseudotumor mass extending from the 
iliopsoas region to the posterolateral region. The posterolateral part of 
the pseudotumor appeared mostly solid with variable signal intensity 
in T1 (panel B) and STIR (C). A predominantly solid pseudotumor was 
encountered in revision surgery (D).

  A
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Table 1. Demographics

  
  Total ASR resurfacing ASR XL THR

Hips, n 167 39 128
Mean age (range), years 62 (19–85) 54 (19–67) 64 (38–85)
Female/male ratio 1.8 2.0 1.7
Mean time between primary 
   and revision (range), years 4.7 (1.6–8.2) 5.4 (2.6–7.6) 4.5 (1.6–8.2)
Mean time between MRI and 
   revision (range), months 8.1 (0.8–27.2) 6.7 (0.9–19.7) 8.8 (0.8–27.2)

THR: total hip replacement; MRI: magnetic resonance imaging.

Table 2. Cross-tabulation of MRI and revision findings

 Pseudotumor findings at revision
MRI class No extracapsular Fluid-filled Mixed-type Solid Total

No pseudotumor  60 a 27 1 0 88
Thin-walled cystic appearing (1)   5 24 a 2 0 31
Thick or irregular walls, fluid signal (2a)   0 18 a 3 a 0 21
Thick or irregular walls with atypical contents (2b)   4 17 3 a 1 a 25
Solid pseudotumor (3)   0   1 0 1 a 2

Total 69 87 9 2 167

a MRI classes that best resemble each type of revision finding.

78% for detecting pseudotumors (Table 3). 
Sensitivity was substantially lower in a sub-
group of patients who had been imaged with 
MRI more than 1 year before revision surgery 
(Table 3). Of the 28 pseudotumors previously 
mentioned that were not detected by MRI, 
11 had been imaged more than 1 year before 
revision. 3 fluid-filled pseudotumors found in 
revision were not seen at MRI performed less 
than 3 months before revision surgery. Fur-
thermore, 8 fluid-filled pseudotumors were not 
detected at MRI performed between 3 and 6 
months before revision.
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rule out infection.  

8.Positive bone scan studies can indicate infection/loosening.  

9. In the past, skin patch testing was used. The value of patch testing is limited 

10. Biopsy and tissue analysis allows an appropriate diagnosis of these reactions.  

 

Biopsy ARMD 

 

The clinician cannot rely solely on a single variable to determine the need for 

intervention, multiple variables must be considered.  

 

TREATMENT 

Follow up Guidelines: Varies 

1. Pseudotumors in patients with metal-on- polyethylene implants  

A cementless revision prosthesis combined with cancellous bone-grafting. Logical to 

use: ceramic or ceramic; or poly Vs metal 

2. Metal-on-metal bearing hip replacement fails from a pseudotumor  

model for periarticular mass. Only significant factors in the final regression
model were considered predictors. For all tests, a two-tailed significance
level of p < 0.05 was used.

Source of Funding
There was funding from Smith & Nephew for the CT imaging and measure-
ment of serum cobalt and chromium levels. Only the contributors had full
access to the study data.

Results

From 2005 to 2010, 149 BHR prostheses were implanted in
129 patients. The mean duration of follow-up (and stan-

dard deviation) was 41 ± 16.2 months (range, ten to eighty-two
months). Four patients (six hips; 4%) were not available for
follow-up. Before this study was conducted, three BHR pros-
theses (in three patients) were revised; two were revised because
of impingement and one was revised because of a pseudotu-
mor. These prostheses had already been analyzed with serum
ion levels and CT and were therefore included in the study
population, although one of these patients did not have a
clinical prerevision score available. Therefore, the final cohort
consisted of 125 patients (143 hips).

The patients had an average age (and standard deviation)
of 53.5 ± 6.8 years (range, twenty-one to seventy-three years) at
the time of the index surgery. Seventy BHR prostheses (47%)
were in female patients. Eighteen patients had a bilateral hip
resurfacing. In thirty-nine patients (forty hips; 28%) the CT
scan revealed a pseudotumor (Fig. 1). Twenty-seven (67.5%) of
the hips with a pseudotumor had a grade-IV lesion, and thir-
teen hips (32.5%) a grade-V lesion.

Of the multiple variables analyzed, age, sex, body mass
index, cup size, inclination, and follow-up time did not
differ significantly between the patients with and without a
tumor (Table I). Both cobalt and chromium levels were el-

evated in patients with a pseudotumor. The chance of having a
pseudotumor was significantly higher (odds ratio, 4.9) in pa-
tients with an elevated serum cobalt level of >85 nmol/L. An
increase in cobalt or chromium ions of 1 nmol/L increased the
chance of a pseudotumor by 1.3%. A serum cobalt level of >85
nmol/L was found in eighteen patients (twenty-three [21.1%] of
109 hips) with a BHR acetabular cup inclination of ‡45! (range,
45! to 67!) and in two patients (two [5%] of forty hips) with a
cup inclination of <45! (range, 30! to 44!); the difference was
significant (p = 0.024).

Of the thirty-nine patients (forty hips) that had a pseu-
dotumor on CT, ten (eleven hips; 28%) had complaints. All ten
patients (eleven hips) had pain and discomfort in the groin.
Three patients (four hips) had a noticeable mass, and one of
these patients had neurologic complaints (paresthesias in the
distribution of the lateral femoral cutaneous nerve). These pa-
tients had an average Harris hip score of 70 points. Twenty-nine
patients (twenty-nine hips; 73%) had an asymptomatic pseu-
dotumor (average Harris hip score of 97.8 points; range, 91 to
100 points). Eight patients (nine hips; 9%) without a pseu-
dotumor on CT had complaints; these patients had an average
Harris hip score of 69.5 points (range, 36 to 84 points).
Symptomatic pseudotumors (mean volume, 53.3 cm3) were
significantly larger than asymptomatic pseudotumors (mean
volume, 16.3 cm3) (p = 0.05). Of the eighteen patients who
had bilateral hip resurfacing with BHR implants, one had a
pseudotumor bilaterally and three had a pseudotumor uni-
laterally, one of which was symptomatic. The mean serum
level (and standard deviation) of cobalt was 86.8 ± 70.4 nmol/
L (range, 33.9 to 310.6 nmol/L) in the eighteen patients with
BHR implants bilaterally compared with 54.6 ± 97.2 nmol/L

Fig. 2

Intraoperative image of a pseudotumor. After the femoral head was re-
sected, yellow-grayish villous tissue appeared at the anterior side of the
acetabulum. The pound sign indicates the pseudotumor, and the asterisk
indicates the acetabular cup of the BHR implant.

Fig. 3

Low-power photomicrographic image of ARMD (adverse reactions to metal
debris), demonstrating the dense, deep eosinophilic (pink) fibrinoid
material lining the pseudocyst (upper and lower area), with the thick
dens (blue) lymphoid aggregates, composed of lymphocytes and
plasma cells, between the fibrinoid material. The white arrow indicates
lymphocytic aggregates, and the black arrow indicates fibrinoid ne-
crosis and tissue organization (hematoxylin and eosin stain, original
magnification, ·25).
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There is growing support for an early revision to a non- metal-on-metal bearing hip 

arthroplasty 

3. Trunnionosis: If trunnionosis is encountered at the time of revision surgery, the 

trunnion should be cleaned carefully. If severe corrosion is not present, stem retention 

is usually preferred because of the morbidity encountered with removal of well-fixed 

cementless stem. Revision consists of eliminating as much of the cobalt from the 

system as possible, thereby revising the head to a ceramic head with a titanium sleeve. 

As with MoM bearing revisions, there should be a drop in the cobalt and chromium 

ion levels after revision  
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Follow-Up Regularity

Only the FDA advocates universal follow-up for all MoM hips for the
implant lifetime (six-monthly reviews if symptomatic, and 1–2 yearly if
asymptomatic). All other authorities recommend at least annual follow-
up for most MoM hips, including large-diameter THAs, HRs with ARMD
risk factors, and all symptomatic patients. Asymptomatic HR patients
and those without ARMD risk factors are reviewed either according to
local protocol or annually for five-years followed by local protocol.

Investigations

All authorities stratify investigations according to patient symptoms.
Symptoms are defined by three authorities as pain and abnormal gait
(including limping) [16,18,20], whilst European and Australian
guidance do not define symptoms. The FDA and Canadian guidance
further define symptoms as noises from the hip, decreased range of
motion, swelling, local nerve palsy, and dislocation. Although patient
reported outcome measures such as the Oxford Hip Score [21] are
reliable and responsive instruments, no guidance recommends their
usage during follow-up.

For symptomatic patients blood metal ions and cross-sectional
imaging are universally recommended. For asymptomatic patients
recommendations include: clinical review only [18,20], radiographs
with metal ions [17], metal ions alone for THAs [16], and radiographs,
metal ions, and cross-sectional imaging for all THAs and HRs with
small head sizes [19].

All authorities recommend whole blood for determining metal ion
concentrations, with serum also acceptable in Australia and Canada.
European guidance requires measurement of cobalt only, though all
other authorities recommend both cobalt and chromium sampling.

The MHRA make no recommendations regarding hip radiographs,
whilst the FDA and Canada suggest radiographs in symptomatic patients
only. All authorities advocate either metal artefact reduction sequence
magnetic resonance imaging (MARS MRI) or ultrasound for cross-
sectional imaging, however both the FDA guidance and the European
guidance consider computed tomography (CT) to also be acceptable.

Blood Metal Ion Thresholds

Blood metal ion concentrations above 7 μg/l are of concern in two
authorities [16,20]with theMHRA recommending repeat testingwithin

Table 1
Follow-Up Guidance for Large-Diameter Metal-on-Metal Hip Arthroplasty Patients Published byWorldwide Authorities.

MHRA UK [16] EFORT Europe [17] FDA USA [18] TGA Australia [19] Health Canada [20]

Distinguishes
between HR
and large-
diameter THA

Yes Yes No Yes No

Follow-up
protocol

All THA
≥36 mm + symptomatic
HR — annually for
implant life
Asymptomatic HRa —
as per local protocol

All THA ≥36 mm and HR
with risk factorsd —
annually for implant life
All HR without risk
factors — annually for
first 5 years (then as
per local protocol)

All MoM hipsc

Asymptomatic = every 1 to 2 years
Symptomatic = at least
every 6 months

All MoM hips with symptoms,
&
asymptomatic THA ≥36 mm
or
HR ≤ 45 mm — at least
annually
Other MoM hips with no
symptoms — as per practice
for non-MoM hips

All MoM hips with
symptoms —
no guidance given on
regularity of follow-up
All MoM hips without
symptoms — annually for
first 5 years (then as per
local protocol)c

Follow-up for
symptomatic
patients

All MoM
hips = ions + imaging

All MoM hips = x-
ray + ions + imaging

All MoM hips =
x-ray + ions + imaging

All MoM hips = x-
ray + ions + imaging

All MoM hips =
x-ray + ions + imaging

Follow-up for
asymptomatic
patients

THA = ionsb

HR = see above
All MoM hips = x-
ray + ions
Further imaging if x-ray
abnormal or Co between
2 and 7 μg/l

Clinical review Asymptomatic THA ≥36 mm
or HR ≤ 45 mm = x-
ray + ions + imaging
Other MoM hips with no
symptoms (see above)

Clinical review

Metal ion
sampling

Whole blood (Co and/or
Cr)

Whole blood (Co only) Whole blood
(Co and/or Cr)

Whole blood or serum (Co and
Cr)

Whole blood or serum
(Co and Cr)

Metal ion
thresholds of
concern

N7 μg/l 2-7 μg/l None stated None stated N7 μg/l

Plain
radiographs
recommended
for any
patients

Not stated All patients Symptomatic patients only All patients Symptomatic
patients only

Cross-sectional
imaging
recommended

MARS MRI
or ultrasound

MARS MRI or
ultrasound or CT

MARS MRI or
ultrasound or CT

MARS MRI or ultrasound MARS MRI
or ultrasound

Consider need
for revision
surgery

If imaging abnormal
and/or blood metal
ion levels rising

(1) If imaging abnormal
and/or
blood metal ion levels
raised or rising
(2) If Co N20 μg/l

Decide in response to overall clinical
scenario and test results, but consider
early revision in
patients with progressive lesions

If persistent symptoms,
imaging
abnormalities and/or where
blood
metal ions are rising

If symptoms and positive
MRI (soft-tissue mass)
If positive MRI (soft-tissue
mass), increasing in size

Cr = chromium; Co = cobalt; CT = computed tomography; EFORT = European Federation of National Associations of Orthopaedics and Traumatology; FDA = Food and Drug Admin-
istration; HR = hip resurfacing; MHRA = Medical and Healthcare Products Regulatory Agency; MARS MRI = metal artefact reduction sequence magnetic resonance imaging;
MoM = metal-on-metal; TGA = Therapeutic Goods Administration; THA = total hip arthroplasty; UK = United Kingdom; USA = United States of America.

a Excludes Articular Surface Replacement hip resurfacing.
b Imaging recommended if blood metal ion levels rising.
c Advises closer follow-up for patients at increased risk of device wear such as females, those with bilateral implants, suboptimal component alignment, or hip resurfacings with small

femoral head sizes (less than or equal to 44 mm).
d Risk factors include small femoral head size (b50 mm), female gender, and low coverage arc.
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