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A b s t r a c t
It is estimated that 35% of total hip arthroplasties 

(THAs) involve a second-generation metal-on-
metal (MOM) prosthesis. A novel complication has 
appeared in a subset of patients with MOM THAs 
that is described as an aseptic, lymphocyte-dominated 
vasculitis-associated lesion (ALVAL). The clinical 
features of ALVAL are nonspecific, but patients 
complain of pain and may develop “pseudotumors.” 
It is hypothesized that metal ions are released from the 
prosthesis and form haptens with native proteins that 
elicit a type IV hypersensitivity response in the local 
soft tissues. Histopathologic descriptions of ALVAL 
are similar to those of failed arthroplasty in general, 
with the addition of a dense perivascular inflammatory 
infiltrate that is the hallmark of ALVAL. We report 
3 cases of ALVAL with clinical, radiographic, and 
histologic findings. Accurate assessment is crucial 
because an intraoperative diagnosis of chronic 
inflammation suggestive of ALVAL will necessitate 
a replacement of the prosthetic component surfaces.

Hip arthroplasty is a common procedure used to allevi-
ate pain and dysfunction associated with a variety of joint 
problems, the most common being degenerative joint disease. 
It is estimated that the number of people undergoing hip 
replacement more than doubled in the interval between 1990 
and 2002.1 As the incidence of primary hip arthroplasty has 
increased dramatically during the last several years, so too has 
the need for revision of older prostheses. It is estimated that 
the number of procedures will increase to substantially more 
than 500,000 primary hip arthroplasty procedures and almost 
100,000 revisions annually within the next 20 years.2

The earliest joint replacement procedures were per-
formed with components using metal-on-metal (MOM) artic-
ulations.3 These first-generation MOM prostheses were ulti-
mately deemed unsatisfactory because of a high failure rate. 
Mechanisms of MOM failure included frictional torque com-
plications resulting in locking and seizing with subsequent 
corrosion of the bearing surfaces.3-7 Early MOM prostheses 
were abandoned in favor of bearing surfaces that included 
polyethylene and ceramic components on the acetabular side. 
More recently, improvements in bearing surface manufactur-
ing and composition have resulted in a second generation 
of MOM implants that have improved wear properties.6,8 It 
has been proposed by some that a modern MOM bearing is 
desirable for a younger and more active patient population, in 
whom the prosthetics are anticipated to have greater longev-
ity. Preliminary reports on their performance have been favor-
able.8-11 Current estimates indicate that about 35% of total hip 
arthroplasties (THAs) performed in the United States involve 
the use of improved MOM bearings.12
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Despite their potential advantages, a rare and novel 
complication has been described in association with these 
MOM bearings. It has been proposed that a local hypersensi-
tivity response to the metal component alloys (composed of 
cobalt, chromium, molybdenum, or nickel) leads to an early 
prosthetic failure in a small subset of patients with MOM hip 
arthroplasties.13-15 The clinical, radiologic, and histologic 
features of what has been described as a delayed-type hyper-
sensitivity reaction have been documented in the clinical 
literature13,14,16-20 but, to date, have yet to be well described 
in the pathology literature.

A consensus for the nomenclature of this entity has 
yet to be reached. It has been referred to in the literature as 
“metal hypersensitivity reaction,”14,16,18 “pseudotumor,”21-24 
and “aseptic lymphocyte-dominated vasculitis-associated 
lesion” (ALVAL).15,19,25 The latter term is the most descrip-
tive and seems to be the most widely recognized. The term 
ALVAL will be used in the following clinicopathologic, 
histologic, and radiographic descriptions of 3 cases of this 
newly recognized entity.

Report of Cases

Case 1

In April 2009, a 75-year-old man was admitted to our 
institution with progressive left-sided groin pain and lower 
extremity edema during the preceding 5 months. He had 
undergone successful left THA 17 months earlier for osteoar-
thritis, in which a large-diameter, femoral head MOM pros-
thesis was used. Before admission, the patient had undergone 
Doppler ultrasound at an outside institution that demonstrated 
extraluminal compression of the femoral vein by a soft-tissue 
thigh mass. Magnetic resonance imaging (MRI) revealed 
fascial edema and signal abnormality in the medial and pos-
terior compartments of the thigh surrounding the prosthesis 
with significant fluid collections. Given the manifestations, a 
diagnosis of inflammatory pseudotumor secondary to delayed 
hypersensitivity reaction was considered, and the patient was 
scheduled for open biopsy and revision to an alternative pros-
thetic articulation. During the revision procedure, extensive 
thickening of the hip capsule was noted, with destruction 
of the abductors and short external rotators ❚Image 1❚. The 
femoral and acetabular components were noted to be grossly 
loose. Tissue specimens and evacuated fluid were sent for 
pathologic evaluation and culture.

Histologic examination of the periprosthetic tissue 
revealed a pseudocapsule composed of indistinct layers. The 
superficial layer was characterized by a necrotic surface exu-
date and the deeper layer by fibrous tissue. Within the fibrous 
layer were very focal collections of chronic inflammatory 
cells. On closer inspection, the inflammatory infiltrate, composed 

of lymphocytes and histiocytes, appeared centered on small 
vessels. In some instances, the inflammation formed a “cuff” 
around patent vessels. Patent vessels usually displayed some 
degree of endothelial hyperplasia. In rare instances, the 
inflammatory process resulted in a complete destruction of the 
vessel with obliteration of the lumen.

Because ALVAL was suspected clinically, immunohis-
tochemical staining for B- and T-cell antigens was performed. 
These stains revealed a predominance of T cells with oblit-
eration of small vessels secondary to vasculitis ❚Image 2A❚, 
❚Image 2B❚, and ❚Image 2C❚.

Case 2
In September 2009, a 62-year-old woman was admitted to 

our institution with complaints of right-sided medial thigh and 
hip discomfort with a palpable fullness in her groin. She had 
undergone successful right THA 28 months earlier for osteoar-
thritis in which a large-diameter femoral head MOM prosthesis 
was used, and she had been without complaints before the com-
plaints that led to admission. An MRI demonstrated a small 
soft tissue mass and fluid collection surrounding the implant 
in the medial part of the thigh ❚Image 3❚, which was biopsied 
under ultrasound guidance. The biopsy specimen demonstrated 
fibrous tissue with perivascular chronic inflammation with a 
lymphocyte predominance, thought to be consistent with a 
metal hypersensitivity reaction. During the revision procedure, 
the patient’s acetabular and femoral components were noted to 
be well fixed. The abductors, short external rotators, and hip 
capsule were preserved. The fluid collection was evacuated, 

❚Image 1❚ Intraoperative photograph of the large “pseudo-
tumor” adjacent to the prosthesis. The large black arrow 
denotes the scar tissue and fascia (black arrowheads). Also 
visible within the incision are the rim of the acetabular (white 
arrowhead) and the femoral head components (white arrow).
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❚Image 2❚ A, Chronic inflammatory infiltrate within 
the fibrous layer of the peri-implant tissue (H&E, ×40). 
Immunohistochemical staining for pan-B-cell (B) and 
pan-T-cell (C) markers reveals an obliterated vessel with a 
predominance of T cells (immunoperoxidase, ×200).

BA

❚Image 3❚ (Case 2) Axial T1-weighted (A) and fast spin echo T2-weighted (B) images demonstrate a mass (arrows) in the soft 
tissues anterior to the right hip between the iliopsoas and pectineus muscles.
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and the abnormal mass-like tissue was excised and sent for 
complete pathologic evaluation. The revision was to a ceramic-
on-polyethylene articulation with a highly cross-linked poly-
ethylene acetabular liner and a ceramic femoral head.

Histologic exam revealed a pseudocapsule composed of 
a synovial-like layer and a deeper, dense fibrous tissue with 
prominent vessels ❚Image 4A❚. The synovial-like tissue had a 
villous architecture with hyperplasia and hypertrophy of the 
synovial lining and proliferation of the subsynovial tissue. 
Within the latter were modest infiltrates of chronic inflamma-
tory cells and histiocytes. Deep within the fibrous layer of the 
capsule were focal aggregates of chronic inflammatory cells. 
On close inspection, the inflammatory infiltrate appeared to 

be centered on small vessels ❚Image 4B❚. Notably absent were 
giant cells, debris or metal particles, and other histologic evi-
dence of foreign body reaction.

Case 3
In September 2009, a 57-year-old man was admitted to 

our institution with complaints of progressive left-sided hip 
pain during the preceding 6 months. He had undergone suc-
cessful left hip resurfacing arthroplasty 20 months earlier for 
osteoarthritis, in which a MOM hip-resurfacing prosthesis 
was used. Plain films demonstrated moderate resorption of 
the femoral neck, and the MRI revealed a significant fluid 
collection surrounding the prosthesis ❚Image 5❚. Laboratory 

A B

A B

❚Image 4❚ A, Hyperplastic synovial-like tissue is immediately adjacent to the prosthesis (H&E, ×40). B, Deeper within the 
periprosthetic tissue is a fibrous layer containing focal collections of chronic inflammatory cells (H&E, ×40).

❚Image 5❚ (Case 3) Axial T1-weighted (A) and fast spin echo inversion-recovery (B) images demonstrate a fluid collection 
(arrows) in the posterior left hip joint space extending into the adjacent soft tissues.
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markers were not suggestive of periprosthetic infection. Given 
the patient’s symptoms and radiographic findings, possible 
implant loosening and metal hypersensitivity were consid-
ered, and he was scheduled for a revision procedure with con-
version to THA. During the revision procedure, the patient’s 
acetabular component was noted to be stable, although the 
femoral component was loose. The tissue lining the joint cap-
sule was noted to be grossly abnormal and was sent for patho-
logic evaluation along with the evacuated fluid surrounding 
the implant. The revision was subsequently converted to a 
THA using a ceramic-on-polyethylene–bearing surface.

Frozen section examination of the peri-implant tissue 
was performed to assess for acute inflammation and evi-
dence of ALVAL. On histologic examination, the articular 
surface of the pseudocapsule was composed of a fibrinous, 
necrotic layer of debris ❚Image 6❚. Deep to the surface layer 
was a dense fibrous layer of capsular tissue containing small 
and medium-sized vessels. Several of the former were sur-
rounded by a dense chronic inflammatory infiltrate (Image 
6). Again, histologic examination was negative for evidence 
of methylmethacrylate cement, metallic wear debris, or a 
foreign body granulomatous-type of response. In addition, 
the presence of acute inflammation was excluded by the 
absence of neutrophils.

Discussion

There are numerous anecdotal reports of allergic-
like reactions, including urticaria, eczema, and pruritus, to 
implanted metallic hardware.26-32 In almost all cases reported, 
the symptoms resolve shortly after removal of the metal. 
The mechanism involved is thought to be a type IV delayed 
hypersensitivity reaction. The delayed-type hypersensitivity 
response is cell mediated and characterized histologically by 
the presence of lymphocytes, histiocytes, and, in some cases, 
multinucleate giant cells. Recruitment of inflammatory cells 
into affected tissue involves a release of chemotactic factors 
and cytokines. Tissue damage, which can be extensive, is a 
result of the combined effects of cytotoxic T cells and acti-
vated monocyte/macrophages.

In ALVAL, it is hypothesized that metal ions are slowly 
released from the prosthetic bearing surfaces as a by-product 
of normal wear. Wear products from metal prosthetics are 
demonstrable in adjacent periprosthetic soft tissue and in dis-
tant sites such as lymph nodes, liver, and spleen.33-35 These 
wear particles, in conjunction with native proteins, form hap-
tens that elicit a type IV response in the local tissue.16,36 This 
local destructive response can lead to pain, osteolysis, and 
loosening of the prosthetic components.

One of the most important improvements of the second-
generation of MOM components was their increased resistance 

to abrasive wear. Nevertheless, wear particles have been 
demonstrated in association with second-generation MOM 
prosthetics.4,18,37 The wear particles from the second-gen-
eration implants are actually smaller than those associated 
with the first generation of prostheses or from conventional 
metal-on-polyethylene components. And although the overall 
volumetric wear of the MOM system is less than others, it 
is postulated that the smaller size and higher surface area of 
MOM debris particles actually facilitate their diffusion into 
surrounding tissues.38

Preliminary investigations into the pathophysiology of 
ALVAL have implicated a hypersensitivity-type reaction 
as the cause of prosthetic failure. Skin patch testing, a clas-
sic test for type IV hypersensitivity, has documented an 
overall increase in the prevalence of metal allergy in people 
with implanted metal orthopedic hardware.16,20 Patients with 
ALVAL have the highest prevalence of positive testing.39 
Chromium and cobalt, 2 metals commonly used in medi-
cal-grade alloys, seem to be particularly immunogenic.40 
Lymphocyte transformation testing, an indirect measure of 
allergen sensitization, has demonstrated increased metal-
specific lymphocytic reactivity in patients with metal THAs.41 
Polymerase chain reaction, fluorescent in situ hybridization, 
and immunohistochemical studies of periprosthetic tissues 
have demonstrated the presence of oligoclonal T cells in addi-
tion to strong expression of interferon and interleukins, medi-
ators associated with delayed-type allergic response.15,40,42

❚Image 6❚ Low-power photomicrograph of the capsular tissue 
illustrating superficial surface to the left and deeper capsular 
layers to the right containing a focus of inflammation (arrow) 
(H&E, ×20). The inset shows a higher power view of the 
focal chronic inflammation within the deep capsule layer 
(H&E, ×200).
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The histopathologic features of failed THA have been 
well described and are fairly commonplace.43-47 In brief, 
characteristic features of periprosthetic soft tissues include 
a fibrinous exudative capsule surface, a variable chronic or 
granulomatous inflammatory infiltrate, and an accumula-
tion of foamy macrophages. Nonmetallic components of 
arthroplasty, namely polymethylmethacrylate cement and 
polyethylene component debris, are often embedded in the 
periprosthetic soft tissue. Metallic debris may or may not be 
visible by conventional light microscopy. Extensive collection 
of metal-stained macrophages in periprosthetic soft tissues is a 
phenomenon known as metallosis.44,48 This complication may 
be associated with prosthetic failure and has been documented 
in conventional and MOM metal systems.18,37,48

Histopathologic descriptions of ALVAL are similar 
to those of failed arthroplasty soft tissues in general.13-15,46 
Common findings include a fibrinous or necrotic exudate 
and an accumulation of macrophages. Our study of ALVAL 
demonstrated these findings and some often associated with 
inflammatory arthritis such as synovial inflammation and 
hyperplasia. The single unique histologic feature associated 
with ALVAL is the presence of a dense perivascular infil-
trate.15 This unique perivascular inflammatory infiltrate, in 
fact, is specifically referred to in the name of the syndrome 
(“vasculitis-associated lesion”).

Despite the abundance of circumstantial evidence sup-
porting a delayed-type hypersensitivity reaction as the 
proximate cause of ALVAL, it is not a universally accepted 
conclusion.8,16,48,49 For one, the issue of cause and effect has 
not been clearly defined. Does sensitization to metal have a 
direct role in the failure of the prostheses, or alternatively, 
does loosening of the prosthesis allow release of metal ions 
that induce a metal allergy? The actual proof of a sensitiv-
ity reaction leading to prosthetic failure is lacking.17,50,51 
Likewise, histologic examination of so-called ALVAL 
periprosthetic tissue offers relatively little to support an 
allergic process. The inflammatory cellular infiltrate asso-
ciated with ALVAL, namely the presence of lymphocytes 
and plasma cells, is completely nonspecific. And with the 
exception of the perivascular lymphocytic infiltrate, all other 
histologic features described in association with ALVAL 
can be seen to some degree in other types of prosthetic fail-
ure.43,45 Nevertheless, many orthopedic investigators believe 
the arrangement (perivascular) and extent of chronic inflam-
mation are “specific” features of ALVAL.10,13,15 Despite 
the controversy, it is important that surgical pathologists 
become familiar with the features of ALVAL described to 
date because this represents a clinically well-recognized 
cause of MOM joint replacement failure.13-17,19-25

The clinical diagnosis of ALVAL is difficult and prob-
ably not possible to confirm without benefit of the histologic 
examination of the periprosthetic soft tissue. Imaging features 

are nonspecific and include descriptions of solid and cystic 
peri-implant masses.21,24,52 Potentially helpful laboratory tests 
include serum measurements of the metal alloy components. 
Chromium and cobalt, in particular, have been demonstrated 
in elevated quantities in the blood and urine of patients with 
loose prostheses,53-56 but this finding does not appear to 
correlate with the development of ALVAL. As mentioned 
previously, skin patch testing for allergy to metals has demon-
strated a greater frequency of positivity in patients with metal-
lic implants,40 but recommendations for routine testing are 
still controversial.16,19,39,50 Unlike septic causes of prosthetic 
failure, cultures of the periprosthetic tissue are almost always 
negative, and serum markers of inflammation (C-reactive 
protein or erythrocyte sedimentation rate) are usually not 
elevated. For the present, a preoperative diagnosis of ALVAL 
is difficult to corroborate.

To date, the surgical pathologist’s role in the evaluation 
of hip revision tissues has largely consisted of intraoperative 
assessment of tissue for the presence or absence of acute 
inflammation by frozen section. The finding of rare neutro-
phils, 1 or more per high-power field, in a sample of peripros-
thetic soft tissue has been shown to be a reliable marker for 
infection in revision arthroplasty.57-62 We anticipate that in 
the near future, surgical pathologists may be called on to give 
an intraoperative assessment of chronic inflammation as well. 
The differential diagnosis in this setting is limited to few enti-
ties. There is some histologic overlap between ALVAL and 
the inflammatory arthritides, particularly rheumatoid arthritis. 
However, this diagnosis should be easily eliminated based 
on a combination of clinical history and serologic findings. 
Perhaps the most difficult problem pathologists will face at 
frozen section is attempting to distinguish ALVAL from the 
more common mechanical causes of failure by histopatholog-
ic examination. Both entities result in similar reactive changes 
in the periprosthetic tissue: various degrees of inflammation, 
fibrosis, and repair. Failure due to mechanical loosening, 
however, should show more evidence of trauma in the form 
of foreign debris, chiefly metal particles and cement (if used), 
than that noted in ALVAL. Likewise, a foreign body reaction 
with an abundance of histiocytes and/or giant cells is usually 
associated with aseptic loosening, even with prostheses of 
relatively short duration.15,18,44,45

Regardless of its poorly understood pathophysiology and 
its rather nondescript histologic features, ALVAL is becoming 
increasingly recognized as a clinical syndrome by orthopedic 
surgeons treating patients with joint replacements. Although 
the current incidence of ALVAL is calculated at only 1% 
of patients with MOM bearings, this figure is expected to 
increase over time.24 As more people undergo hip arthroplasty 
and an increasingly younger population receives these MOM 
components, one can anticipate an increased number of revi-
sions for prosthetics failure. While not all failures will be 
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due to ALVAL, the intraoperative evaluation of this type of 
prosthetic revision is likely to include a request for the evalu-
ation for histologic evidence of ALVAL in addition to septic 
causes of failure. Accurate assessment is crucial because an 
intraoperative diagnosis of chronic inflammation suggestive 
of ALVAL will necessitate a replacement of the prosthetic 
component bearing surfaces with conventional polyethylene 
or other nonmetal (ceramic) materials.

From the 1Division of Orthopaedic Surgery, Department 
of Surgery; 2Department of Pathology; and 3Division of 
Musculoskeletal Imaging, Department of Radiology, Duke 
University Medical Center, Durham, NC.

Address reprint requests to Dr Dodd: Dept of Pathology, 
DUMC 3712, Durham, NC 27710.

Dr Bolognesi receives educational and research support from 
the following manufacturers of orthopedic devices and implants: 
DePuy (Johnson and Johnson), Zimmer, Biomet, and Wright 
Medical.

References

 1. Kurtz S, Mowat F, Ong K, et al. Prevalence of primary 
and revision total hip and knee arthroplasty in the United 
States from 1990 through 2002. J Bone Joint Surg Am. 
2005;87:1487-1497.

 2. Lee K, Goodman SB. Current state and future of joint 
replacements in the hip and knee. Expert Rev Med Devices. 
2008;5:383-393.

 3. Amstutz HC, Grigoris P. Metal on metal bearings in hip 
arthroplasty. Clin Orthop Relat Res. 1996;329(suppl):S11-S34.

 4. Evans EM, Freeman MAR, Miller AJ, et al. Metal 
sensitivity as a cause of bone necrosis and loosening of the 
prosthesis in total joint replacement. J Bone Joint Surg Br. 
1974;56:626-642.

 5. Higuchi F, Inoue A, Semlitsch M. Metal-on-metal CoCrMo 
McKee-Farrar total hip arthroplasty: characteristics of 
a long term follow up study. Arch Orthop Trauma Surg. 
1997;116:121-124.

 6. Howie DW, Vernon-Roberts B. The synovial response to 
intraarticular cobalt-chrome wear particles. Clin Orthop Relat 
Res. 1988;232:244-254.

 7. Huo MH, Salvati EA, Lieberman JR, et al. Metallic debris in 
femoral osteolysis in failed cemented total hip arthroplasties. 
Clin Orthop Relat Res. 1992;276:157-168.

 8. Wagner M, Wagner H. Medium term results of a modern 
metal-on-metal system in total hip replacement. Clin Orthop 
Relat Res. 2000;379:123-133.

 9. Dorr LD, Wan Z, Longjohn DB, et al. Total hip arthroplasty 
with use of the Metasul metal-on-metal articulation: four to 
seven-year results. J Bone Joint Surg Am. 2000;82:789-798.

 10. Milosev I, Trebse R, Kovac S, et al. Survivorship and 
retrieval analysis of Sikomet metal-on-metal total hip 
replacements at a mean of seven years. J Bone Joint Surg Am. 
2006;88:1173-1182.

 11. Sieber HP, Rieker CB, Kottig P. Analysis of 118 second-
generation metal-on-metal retrieved hip implants. J Bone 
Joint Surg Br. 1999;81:46-50.



Am J Clin Pathol  2010;134:886-893     893
893     DOI: 10.1309/AJCPLTNEUAH8XI4W     893

© American Society for Clinical Pathology

Anatomic Pathology / Original Article

 48. Brown GC, Lockshin MD, Salvati EA, et al. Sensitivity to 
metal as a possible cause of sterile loosening after cobalt-
chromium total hip replacement arthroplasty. J Bone Joint 
Surg Am. 1977;59:164-168.

 49. Gawkrodger DJ. Metal sensitivities and orthopaedic 
implants revisited: the potential for metal allergy with 
the new metal-on-metal joint prostheses. Br J Dermatol. 
2003;148:1089-1093.

 50. Merritt K, Brown SA. Distribution of cobalt chromium wear 
and corrosion products and biologic reactions. Clin Orthop 
Relat Res. 1996;329(suppl):S233-S243.

 51. Rooker GD, Wilkinson JD. Metal sensitivity in patients 
undergoing hip replacement: a prospective study. J Bone Joint 
Surg Br. 1980;62:502-505.

 52. Toms AP, Marshall TJ, Cahir J, et al. MRI of early 
symptomatic metal-on-metal total hip arthroplasty: a 
retrospective review of radiological findings in 20 hips. Clin 
Radiol. 2008;63:49-58.

 53. Brodner W, Bitzan P, Meisinger V, et al. Serum cobalt levels 
after metal-on-metal total hip arthroplasty. J Bone Joint Surg 
Am. 2003;85:2168-2173.

 54. Jacobs JJ, Skipor AK, Doorn PF, et al. Cobalt and 
chromium concentrations in patients with metal on 
metal total hip replacements. Clin Orthop Relat Res. 
1996;329(suppl):S256-263.

 55. Lhotka C, Szekeres T, Steffan I, et al. Four year study of 
cobalt and chromium blood levels in patients managed with 
two different metal-on-metal hip replacements. J Orthop Res. 
2003;21:189-195.

 56. Milosev I, Pisoat V, Campbell P. Serum levels of cobalt and 
chromium in patients with Sikomet metal-metal total hip 
replacements. J Orthop Res. 2005;23:526-535.

 57. Athanasou NA, Pandey R, de Steiger R, et al. Diagnosis 
of infection by frozen section during revision arthroplasty. 
J Bone Joint Surg Br. 1995;77:28-33.

 58. Pandey R, Berendt AR, Athanasou NA. Histological and 
microbiological findings in non-infected and infected revision 
arthroplasty tissues. The OSIRIS Collaborative Study Group. 
Oxford Skeletal Infection Research and Intervention Service. 
Arch Orthop Trauma Surg. 2000;120:570-574.

 59. Musso AD, Mohanty K, Spencer-Jones R. Role of frozen 
section histology in the diagnosis of infection during revision 
arthroplasty. Postgrad Med J. 2003;79:590-593.

 60. Nunez LV, Buttaro MA, Morandi A, et al. Frozen sections 
of samples taken intraoperatively for diagnosis of infection 
in revision hip surgery. Acta Orthop. 2007;78:226-230.

 61. Morawitz L, Tiddens O, Mueller M, et al. Twenty-three 
neutrophil granulocytes in 10 high-power fields is the 
best histopathologic threshold to differentiate between 
aseptic and septic endoprosthesis loosening. Histopathology. 
2009;54:847-853.

 62. Kanner WA, Saleh KJ, Frierson HF. Reassessment of the 
usefulness of frozen section analysis for hip and knee joint 
revisions. Am J Clin Pathol. 2008;130:363-368.

 31. Rostoker G, Robin J, Binet O, et al. Dermatitis due to 
orthopaedic implants: a review of the literature and report 
of three cases. J Bone Joint Surg Am. 1987;69:1408-1412.

 32. Thomas RH, Rademaker M, Goddard NJ, et al. Severe 
eczema of the hands due to an orthopaedic plate made of 
Vitallium. Br Med J (Clin Res Ed). 1987;294:106-107.

 33. Hicks DG, Judkins AR, Sickel JZ, et al. Granular histiocytosis 
of pelvic lymph nodes following total hip arthroplasty: 
the presence of wear debris, cytokine production and 
immunologically activated macrophages. J Bone Joint Surg 
Am. 1996;78:482-496.

 34. Munichor M, Cohen H, Volpin G, et al. Chromium-induced 
lymph node histiocytic proliferation after hip replacement: a 
case report. Acta Cytol. 2003;47:270-274.

 35. Urban RM, Jacobs JJ, Tomlinson MJ, et al. Dissemination of 
wear particles to the liver, spleen and abdominal lymph nodes 
of patients with hip or knee replacement. J Bone Joint Surg 
Am. 2000;82:457-476.

 36. Jacobs JJ, Hallab NJ, Skipor AK, et al. Metal degradation 
products: a cause for concern in metal-metal bearings? Clin 
Orthop Relat Res. 2003;417:139-147.

 37. Cipriano CA, Issack PS, Beksac B, et al. Metallosis after 
metal-on-polyethylene total hip arthroplasty. Am J Orthop 
(Belle Meade NJ). 2008;37:E18-E25.

 38. Doorn PF, Campbell PA, Worrall J, et al. Metal wear 
particle characterization from metal on metal total hip 
replacements: transmission electron microscopy study of 
periprosthetic tissues and isolated particles. J Biomed Mater 
Res. 1998;42:103-111.

 39. Granchi D, Cenni E, Tigani D, et al. Sensitivity to implant 
materials in patients with total knee arthroplasties. 
Biomaterials. 2008;29:1494-1500.

 40. Thomas P, Summer B, Sanders CA, et al. Intolerance of 
osteosynthesis material: evidence of dichromate contact 
allergy with concomitant oligoclonal T-cell infiltrate and 
TH1-type cytokine expression in the peri-implantar tissue. 
Allergy. 2000;55:969-972.

 41. Hallab NJ, Anderson S, Stafford T, et al. Lymphocyte 
responses in patients with total hip arthroplasty. J Orthop Res. 
2005;23:384-391.

 42. Goodman SB, Huie P, Song Y, et al. Cellular profile and 
cytokine production at prosthetic interfaces. J Bone Joint Surg 
Br. 1998;80:531-539.

 43. Cook SD, McClusky LC, Martin PC, et al. Inflammatory 
response in retrieved noncemented porous-coated implants. 
Clin Orthop Relat Res. 1991;264:209-222.

 44. Doorn PF, Mirra JM, Campbell PA, et al. Tissue reaction to 
metal on metal total hip prostheses. Clin Orthop Relat Res. 
1996;329(suppl):S187-S205.

 45. Mirra JM, Marder RA, Amstutz HC. The pathology 
of failed total joint arthroplasty. Clin Orthop Relat Res. 
1982;170:175-183.

 46. Willert HG, Buckhorn GH, Gobel D, et al. Wear 
behavior and histopathology of classic cemented metal 
on metal hip endoprostheses. Clin Orthop Relat Res. 
1996;329(suppl):S160-S186.

 47. Willert HG, Semlitsch M. Tissue reactions to plastic and 
metallic wear products of joint endoprostheses. Clin Orthop 
Relat Res. 1996;333:4-14.


