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Abstract

Pseudotumor formation after hip arthroplasty is a rare 
complication that can occur with various head-liner 
articulation couples. Adverse local tissue reactions and 
pseudotumors have been shown to present as pros-
thetic infections or implant failures with a broad array 
of laboratory and imaging findings. We report a case of 
pseudotumor formation resulting from modular neck-
stem corrosion in a well-fixed ceramic-on-polyethylene 
total hip arthroplasty. The patient underwent successful 
revision surgery using an extended trochanteric osteot-
omy, long-stem revision femoral component, and head-
liner exchange. It is critical that surgeons are aware of 
the potential complications with increased component 
modularity and the possibility of adverse local tissue 
reactions resulting from fretting and crevice corrosion at 
modular junctions. 

The growing frequency of primary total hip 
arthroplasty (THA) in the United States has 
sparked recent interest in proximal component 
modularity with the advent of a neck-stem taper 

junction to provide increased intraoperative versatility. 
While modular femoral heads have been used for decades, 
the goal of modular neck-stem tapers is to further micro-
manage leg length, anteversion, and offset to better rep-
licate native hip biomechanics. This increases component 
options available, and uncouples the stem body from the 
neck to afford independent modulation of the femoral 
head center, in cases where fixed neck geometry devices 
are suboptimal.1 Additional advantages of a neck-stem 
taper include greater adjustment of femoral version, 
enhanced ability of soft tissue balancing, and easier revi-
sion to access the acetabulum in the future.2 However, 
complications of these additional junctions include frac-

ture, corrosion, fretting, dissociation, and cold-welding 
as the increased modularity provides a potential site for 
failure.3-8 Kop and colleagues2 found that cobalt-chromi-
um-molybdenum components had increased crevice cor-
rosion, fretting, and particulate debris at the neck-stem 
junction with resultant metallosis. 

A major concern of modular neck-stem junctions 
is crevice corrosion that may result in similar metal 
hypersensitivity reactions as seen with metal-on-metal 
(MOM) THA.9-13 Modular neck devices have been 
found to have elevated serum cobalt and chromium 
ion levels, compared with hip resurfacing components, 
due to corrosion at the neck-stem taper.14 An increas-
ingly reported complication of metallosis after THA is 
adverse local tissue reactions (ALTRs) and pseudotu-
mors, chronic inflammatory lesions found in peripros-
thetic tissues.15,16 The histology of pseudotumors has 
features of metal hypersensitivity and metal wear reac-
tions with the presence of macrophages, lymphocytes, 
and cellular necrosis.17,18 The incidence of ALTRs has 
been reported to be 1% within 5 years after MOM hip 
resurfacing arthroplasty, but it is unknown what the 
prevalence is at long-term follow-up.16  

ALTRs and pseudotumor formation have also been 
reported in patients with metal-on-polyethylene THA 
due to corrosion at the head-neck junction causing 
local metal wear debris.19-22 It is currently unknown 
what the effects of increased neck-stem modularity are 
on the incidence of metal hypersensitivity reactions 
after THA. 

We report a case of corrosion at the modular neck-
stem taper in a well-fixed uncemented ceramic-on-
polyethylene THA resulting in pseudotumor formation 
with extension around the greater trochanteric bursa. 
The patient provided written informed consent for print 
and electronic version of this case report. 

Case Report
A 64-year-old man who underwent a primary right THA 
at an outside institution 1 year prior to evaluation at our 
clinic presented with worsening hip pain and stiffness 
with difficulty walking over the previous 7 months. The 
patient had pain at rest localized to the groin and thigh, 
exacerbated by ambulation. He had tried non-steroidal 
anti-inflammatory medications, trochanteric bursa ste-
roid injections, and physical therapy with no relief of 
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symptoms. A work-up for abductor tendinitis and spinal 
pathology as possible sources of pain included radio-
graphs, hip metal artifact reduction sequence (MARS) 
magnetic resonance imaging (MRI), and bone scan, all of 
which were found to be negative at the outside institution. 
His past medical history was significant for osteoarthritis, 
depression, and hypertension, and the initial postop-
erative course had no complications. On examination, the 
patient was 1.85 m tall and weighed 91 kg (BMI, 26). He 
had an antalgic gait over the operative limb, had groin 
pain with rotational motion, and palpable pain along 
the greater trochanter. The incision was well healed with 
no evidence of infection, but there was a fullness on the 
lateral surrounding soft tissues. Hip range-of-motion was 
mildly limited with intact motor and sensation through-
out the extremity. Preoperative Harris Hip score was 37, 
indicating hip dysfunction.

Radiographs demonstrated a well-fixed THA in ade-
quate alignment without evidence of wear or loosening 
(Figure 1). Review of the previous operative record 
identified components as a cementless ceramic-on-
polyethylene THA using a 58 mm acetabular cup, size 9 
modular femoral stem with +4 mm head offset, 42 mm 
modular neck length, and 44 mm diameter ceramic head 
(Trident/Rejuvenate, Stryker, Mahwah, New Jersey). 
Re-review of the MARS MRI brought in from the 
outside institution showed a significant fluid collection 
extending from the right hip joint to the trochanteric 
bursa suspicious for a pseudotumor or ALTR (Figure 2). 
Previous serum inflammatory markers and intra-articu-
lar hip aspiration at the outside institution were negative 
for infection. Given the clinical and imaging findings, 
combined with the history of significant femoral stem 
modularity, it was felt that the patient’s symptoms were 
likely due to an ALTR associated with debris from fret-
ting corrosion at the cobalt-chromium modular neck 

junction. Surgical exploration with revision THA using 
an extended trochanteric osteotomy was discussed and 
the patient consented to surgery. Blood samples col-
lected to determine preoperative serum metal ion levels 
were contaminated and results were not available prior 
to revision surgery.

The patient underwent a revision THA through 
his previous incision and using a standard posterior 
approach to the hip. After incising the deep fascia, a 
significant amount of fluid erupted from the acetabu-
lum and a large soft tissue membrane sac was visual-
ized (Figure 3). The pseudotumor and surrounding 
sac were excised, and intraoperative fluid analysis was 
not consistent with infection: white blood cell count of 
225, with 56% polymorphonuclear, 42% lymphocytic, 
and 2% large mononuclear cells. Operative cultures and 
gram stain were negative. Intraoperative frozen sec-
tion of the mass showed synovial necrosis with chronic 
inflammation. The short external rotators were mini-
mally attached as they had been encapsulated by the 
pseudotumor.  

Once the hip was dislocated, the femoral head and 
neck were removed and significant corrosion was seen 
on the neck and stem body (Figure 4). The femoral 
stem could not be extracted as it was well-fixed along 
the entire length of the fully coated implant. Therefore, 
an extended trochanteric osteotomy was performed 
starting from the tip of the greater trochanter to a point 
12 cm distal along the lateral femur. After removing the 
stem, the medullary canal was debrided and the ace-
tabular component polyethylene liner was removed. A 

Figure 2. T1-weighted axial MARS MRI image of the right hip 
demonstrated a significant fluid collection and effusion extend-
ing from the right hip joint to the trochanteric bursa consistent 
with a pseudotumor.

Figure 1. Anteroposterior (A) and lateral (B) radiographs of the 
right hip prosthesis 1 year after index surgery showed a well-
fixed THA in adequate alignment without evidence of eccentric 
wear or component loosening.
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size 15 x 225 mm Wagner Revision Hip Stem (Zimmer, 
Warsaw, Indiana) was used along with a 36 mm +7 
cobalt-chromium head and 36 mm highly cross-linked 
polyethylene liner. The osteotomy site was reattached 
using 2 metal cables (Depuy, Warsaw, Indiana) and 
Grafton demineralized bone matrix putty (Osteotech, 
Eatontown, New Jersey) was used to fill any bony gaps. 
The wound was closed and the patient made touch-
down weight bearing with no active abduction to pro-
tect osteotomy healing for 6 weeks.

At initial follow-up 2 weeks after surgery, the patient 
had no pain with passive range of motion of the right 
hip. Radiographs showed good alignment and no evi-
dence of hardware or osteotomy failure (Figure 5). 
Serum metal ion analysis measured using high-resolu-
tion sector field inductively-coupled plasma mass spec-
trometry (Element2, Thermo-Fisher Scientific GmBH, 
Bremen, Germany) showed a cobalt level of 1.42 ng/mL, 
chromium level of 0.27 ng/mL, and titanium level of 
4.10 ng/mL. At 6-week follow-up, the patient was made 
partial weight-bearing with physical therapy increasing 

from 30% to full weight-bearing with assistive device 
and active abduction over a 6 week period. At 5-month 
follow-up, the patient was doing well with decreased 
pain and improved range of motion and ambulation. 
Repeat serum metal ion analysis showed decreases in all 
ion levels with cobalt, chromium, and titanium levels of 
0.71 ng/mL, 0.22 ng/mL, and 3.55 ng/mL, respectively. 
The patient at recent follow-up is 9 months from revi-
sion surgery with continued improvements in function 
and a Harris Hip Score of 83, compared with 37 preop-
eratively. Serum levels, at 9-months follow-up, of cobalt, 
chromium, and titanium have decreased further to  
0.62 ng/mL, 0.20 ng/mL, and 2.64 ng/mL, respectively.

Discussion
Modular femoral heads have become a standard part of 
THA designs as they provide intraoperative adjustment 
of leg length and offset providing increased joint stabil-
ity. Component modularity also provides easier exposure 
when revising the articular surface while retaining a 
well-fixed femoral stem. Common modes of failure in 
modular THA systems at the head-neck junction include 
crevice corrosion and/or fretting corrosion rather than 
passive dissolution, particularly in devices with a titanium 
stem and cobalt-chromium head.3,23,24 Goldberg and col-
leagues23 reported that mixed alloy couples and increased 
flexural neck rigidity predispose implants to corrosion at 
the head-neck junction and that crevice corrosion contin-
ues even after loading has stopped. Increased modular-
ity with a neck-stem junction in a dual modular design 
is proposed to further improve hip biomechanics and 
reduce impingement and dislocation, but the reported 
complications of fracture, corrosion, fretting, and weld-
ing have been increasing recently in the literature.3,5,14 
The Rejuvenate (Stryker) THA system described in this 
report was released in early 2010 and uses femoral stems 

Figure 3. Intraoperative photograph of the incised soft tissue 
pseudotumor membrane sac seen under the deep fascia.

Figure 4. Intraoperative photograph of the corrosion material 
seen on the neck and femoral stem body junction after excision 
of the soft tissue mass.

Figure 5. Postoperative anteroposterior (A) and lateral (B) radio-
graphs of the right hip after revision of femoral component with 
an extended trochanteric osteotomy along with head and liner 
exchange.
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made of TMZF alloy (Ti-12Mo-6Zr-2Fe), a proprietary 
material with a plasma sprayed coating of titanium and 
hydroxyapatite. The modular neck taper is fabricated 
from a cobalt-chromium alloy in an effort to improve 
strength, durability, and reduce the risk of fractures seen 
with titanium modular neck components.25 However, the 
additional modularity at the neck-stem junction in our 
case underwent corrosion with subsequent ALTR neces-
sitating revision surgery. 

In the present case, the index procedure used a 44 mm 
ceramic head with a 42 mm modular neck and size 9 
modular femoral stem with +4 mm head offset. The 
relatively long neck, combined with a large diameter 
femoral head, likely caused micromotion at the neck-
stem junction due to an increased lever arm and bending 
moment. This micromotion can predispose components 
to fretting corrosion and metal debris deposition in 
periprosthetic tissues by disrupting the protective oxide 
layer that titanium and cobalt-chromium alloys nor-
mally have to resist corrosion.26,27 Repetitive disruption 
of the self-passivating layer creates an anaerobic, acidic 
environment that potentiates component corrosion.25,28 
Furthermore, a large diameter head on a small taper can 
cause increased eccentric loading and frictional torque 
than was initially anticipated with these implants. No 
preoperative serum metal ion levels were available for 
our patient due to sample contamination, but early post-
operative values after revision showed decreasing levels 
of cobalt, chromium, and titanium towards normal 
values indicating that the source of metal ions was from 
corrosion at the modular neck.

Pseudotumors have been given various descriptive 
terms including cysts, masses, fluid collections, and 
ALVAL.29,30 The pathophysiology of these lesions is 
unclear, but they are thought to be local chronic inflam-
matory reactions to metal debris causing cellular cyto-
toxicity and necrosis.13,15,16,18 Patients with pseudotu-
mors after THA have been shown to have significantly 
elevated serum cobalt and chromium levels, compared 
with patients without pseudotumors.31 However, oppos-
ing studies have found no correlation between pseudotu-
mors and metal ion levels.30,32 Langton and colleagues33 
investigated ALTRs to metal debris, and found that 
wear rates and serum metal ion concentrations did not 
correlate with the extent of periprosthetic tissue dam-
age. It was suggested that pseudotumors may represent 
an advanced stage of the physiologic response to metal 
wear particles that occurs in all patients with metal 
implants. Mao and colleagues34 recently reported a case 
of pseudotumor formation secondary to corrosion at 
the head-neck junction with a cobalt-chromium head 
on a titanium taper. Additional reports exist in the lit-
erature describing pseudotumor formation after metal-
on-polyethylene THA.19-22 Kwon and colleagues31 found 
pseudotumors in 6.5% of patients with asymptom-
atic, well-functioning, appropriately positioned MOM 
implants. While pseudotumors have been increasingly 

reported with MOM THA, the case presented here is 
the first report of pseudotumor formation due to corro-
sion at the modular neck-stem junction in a ceramic-on-
polyethylene THA.

ALTRs to metal debris are multifactorial and can 
result from a number of different causes, including 
edge loading from malpositioned components, metal 
hypersensitivity, and corrosion at modular junctions. 
Individual patient susceptibility to metal wear debris 
may also play a significant role in the formation of 
ALTRs. While there are several advantages of increased 
neck modularity in THA designs, it is critical for 
surgeons to recognize that there is the potential for 
increased corrosion at the neck-stem junction. Elevated 
levels of metal ions may contribute to component failure 
and have negative long-term local and systemic effects. 
Overall, pseudotumors remain a rare complication from 
fretting and crevice corrosion, but should be in the dif-
ferential diagnosis in any symptomatic patient with a 
well-fixed THA, regardless of component design or 
bearing surface. Advanced imaging studies and deter-
mination of serum metal ion levels for further work-up 
of symptomatic patients may assist in diagnosis and 
preoperative planning should revision surgery become 
necessary. The use of dual modular components in 
THA remains controversial with opposing reports of 
its advantages and disadvantages. Future studies are 
warranted to determine whether the advantages of 
increased neck modularity can be obtained without the 
deleterious effects of implant corrosion and failure.
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