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Abstract

Adverse local soft-tissue reactions have been associated 

with severe osteolysis and implant failure in metal-on-metal 

total hip arthroplasty (THA). Such a causal relationship has 

not often been associated with non metal-on-metal bear-

ing surfaces. The purpose of this study was to assess the 

literature for cases of adverse soft-tissue reactions in non-

metal-on-metal bearings in order to determine if a consistent 

histological diagnosis existed and if it was bearing-specific.

 Methods: A systematic review was performed in Medline® 

and Embase™ databases, utilizing keyword searches to 

target reports of soft tissue complications following THA. 

Strict exclusion criteria were applied to retrieved studies in 

order to ensure that analyzed papers involved non-metal-on-

metal bearing surfaces, had a final histological diagnosis, 

and had no previous history of periprosthetic infection or 

neoplastic process. Presenting symptoms, diagnostic work-

up, histological diagnosis, and operative treatment were 

recorded for all reports retained for analysis.

 Results: Twenty-seven reports representing 31 cases of 

adverse soft-tissue reactions for non-metal-on-metal THAs 

met the criteria for analysis. In the majority of cases, patients 

presented with painful, limited motion in the affected hip, 

and radiological evidence of severe osteolysis. Histologi-

cal examination often revealed a cystic mass, denoted by a 

granulomatous reaction comprised of histiocytes and giant 

cells, but few plasma cells. Revision of loose components was 

the most common successful therapeutic strategy utilized.

 Conclusion: The present analysis revealed that similar 

adverse soft-tissue reactions have been described for both 

metal-on-polyethylene and ceramic bearing surfaces. When 

encountering such reactions in patients, a comprehensive 

diagnostic workup, including computed tomography (CT) 

scanning, lesion biopsy, and revision planning to alternate 

bearing surfaces should be considered.

T
he development of alternate bearing surfaces in total 

hip arthroplasty (THA) has emerged due to the need 

to decrease prosthetic component wear, to improve 

component longevity, and to reduce the risk of revision 

surgery. However, although novel bearing surfaces involving 

solely metal or ceramic components have been associated 

with lower in-vivo wear rates, adverse local soft-tissue reac-

tions to particles from such components are rare but carry 

devastating complications that have been associated with 

massive osteolysis and subsequent implant failure.1-3 

 Adverse tissue reactions are perhaps best understood 

in metal-on-metal bearing surfaces, due to their long track 

record and the advent of hip resurfacing arthroplasty. The 

first description of a local reaction to metal bearings was 

provided by Evans and colleagues4 in 1974 and was believed 

to be related to a hypersensitivity reaction to cobalt chrome 

alloys. Since the initial description, metal sensitivity has 

been further characterized by a predominantly lymphocytic 

immune response and is histologically described by aseptic 

lymphocytic vasculitis-associated lesions (ALVAL) in both 

the presence and absence of excessive metal wear.5-7 Clini-

cally, soft-tissue changes due to metal-on-metal hypersensi-

tivity are manifested through effusions or soft-tissue masses 

referred to as pseudotumors8 and lead to early osteolysis and 

failure.9 Pseudotumor formation has been associated with 

higher circulating levels of cobalt and chromium10 and has 
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recently been linked to increased edge loading and increased 

combined anteversion.11

 Unfortunately, the causal relationship between non-metal-

on-metal bearings and adverse local soft-tissue reactions has 

not been as well-established. Although polyethylene wear 

debris is considered to be the most common cause of aseptic 

loosening in THA, its relationship with the development 

of soft-tissue masses has not been clarified. Furthermore, 

limited literature exists on the relationship between ceramic 

bearings and adverse soft-tissue reactions.

 Therefore, the purpose of the present study was to provide 

a comprehensive systematic review of the published medical 

literature that has dealt with the natural history and thera-

peutic options for dealing with adverse soft-tissue reactions 

in non-metal-on-metal THAs. The presence of confounding 

factors that can cloud the relationship between THA and the 

de novo formation of a malignant process (such as infection, 

metabolic disease, social habits, and prior medical history) 

are beyond the scope of this review and are discussed else-

where.12

 Our primary question was “Is there a consistent histo-

logical finding associated with benign soft-tissue masses 

in non-metal-on-metal THAs and is it bearing-specific?” 

Secondary questions included1. What are the spectrums of 

patient presentations associated with these types of tissue 

reactions? 2. Is there a consistent diagnostic strategy? and 

3. Is revision surgery necessary to prevent local recurrence?

Materials and Methods

Methods of the analysis and inclusion criteria were specified 

prior to literature review. An online literature search was 

conducted using Medline® and Embase™ bibliographic 

databases, utilizing the following keyword searches: “total 

hip arthroplasty” and “soft-tissue reaction,” “soft-tissue 

mass,” “pelvic mass,” “thigh mass” and “pseudotumor.” 

Titles and abstracts of articles retrieved from the search 

were then appraised for adherence to predetermined ex-

clusion criteria. Exclusion criteria included 1. inadequate 

description of types of articular bearing surfaces utilized; 

2. use of primary metal-on-metal total hip prosthesis; 3. 

use of a resurfacing prosthesis; 4. negative indications of 

active periprosthetic infection; 5. previous patient history 

of local or metastatic malignancy; 6. lack of histological 

diagnosis achieved through fine needle or open biopsy; 

and 7. basic science study involving non-human subjects. 

The translated abstracts from reports published in foreign 

languages were also considered for analysis. Once relevant 

studies were identified, their citation lists were perused in 

order to ascertain additional articles. Furthermore, the most 

recent Proceedings of the American Academy of Orthopaedic 

Surgeons (March 2010) was reviewed in order to identify 

any recent case series or presentations of non-metal-on-metal 

soft-tissue reactions. 

 Within each relevant article, information regarding the 

type of bearing surface, presenting symptom(s) secondary to 

soft-tissue mass, timing of symptom(s) since initial surgery, 

diagnostic investigations undertaken, status of surrounding 

prosthetic components and bone stock, final histological 

diagnosis, and type of revision procedure, if necessary, were 

recorded. Initially, attempts were made to divide outcomes 

according to the bearing surface utilized in the relevant study. 

However, due to the paucity of literature related to soft-tissue 

reactions to ceramic wear and the relative abundance of 

metal-on-polyethylene literature, results were summarized 

in order to answer pre-analysis questions. 

Results

Twenty-seven published articles representing 31 cases of 

adverse soft-tissue reactions in non-metal-on-metal THAs 

met the exclusion criteria and were retained for analysis. 

All of the articles were case reports and were retrospective 

in nature. Of the 31 identified cases, 28 involved primary 

metal-on-polyethylene bearing surfaces,13-36 one cemented 

metal-on-poly revision following ceramic head fracture,37 

one primary alumina ceramic on metal,38 and one primary 

alumina ceramic on polyethylene.39 Of the primary metal-

on-polyethylene cases, 14 involved at least one cemented 

component and 14 were cementless.

Is There the Presence of a Consistent 

Histological Diagnosis?

Histological characteristics of soft-tissue masses were con-

sistent among the cases involving metal-on-polyethylene 

bearings. Twenty-seven of the 29 cases were histologically 

described as being cystic in nature, with specific features 

of an external fibrotic, necrotic capsule (6/29) containing a 

cell population made-up  of histiocytes (16/29), giant cells 

(14/29), and foamy cells (8/29). Positive birefringence in-

dicating polyethylene debris was described in 20 of the 29 

cases. Two cases, both uncemented metal-on-polyethylene 

bearings, described synovial cysts containing polyethylene 

debris but consisting of few inflammatory cells.14,15 There 

was also one case of a periprosthetic extra-cranial menin-

gioma.31

 Specific mention of metallic debris, including cobalt, 

chromium, and molybdenum fragments, was found in 

five cases.16,23,27,30,37 Interestingly, although metal debris is 

mentioned in five cases, lymphocytes were histologically 

absent from the soft-tissue mass in four of the five cases. 

The only finding of lymphocytic involvement in a metal-on-

polyethylene bearing surface was found in a study performed 

by Svensson and coworkers,27 who described the presence of 

a pseudotumor-like soft-tissue mass containing an extremely 

high-amount rate of metal debris, due to taper corrosion. 

Despite these unique findings, at no point were plasma cells 

described in studies involving metal-on-polyethylene bear-

ing surfaces.

 Cases involving alumina ceramic-on-polyethylene39 and 

alumina ceramic-on-metal38 exhibited similar findings to 

those seen with metal-on-polyethylene, with a thick fibrous 
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capsule and histiocytes. Debris from the softer articular 

surface was also described in each case. For the revision 

metal-on-polyethylene following ceramic fracture, metallic 

debris as well as ceramic splinters were noted with a reaction 

composed of giant cells.37

Is There A Consistent Spectrum of 
Presenting Symptoms?

Ipsilateral leg pain (21/31), presence of a mass (17/31), 

and impaired ambulation (19/31) were the most consistent 

complaints described in all patients suffering from adverse 

local tissue reactions in non-metal-on-metal THAs. As-

ymptomatic presentations were described in two cases.19,23 

Specific identification of an enlarged iliopsoas bursa was 

described in two cases.24,30 Furthermore, depending on the 

size and location of the soft-tissue mass, additional symp-

toms due to compression of surrounding structures were 

also reported. Neurological deficits secondary to sciatic 

nerve compression16 and femoral nerve neuropathy33 were 

reported. Femoral vein occlusion leading to proximal deep 

vein thrombosis was described in two cases.30,35 Ureteral 

obstruction and hydronephrosis as well as vaginal and rectal 

symptoms were described secondary to a large intrapelvic 

soft-tissue mass.17

 With regard to the interval between insertion of the THA 

and presentation secondary to adverse soft-tissue reactions, 

a clear difference was noted. Primary metal-on-polyethylene 

bearings had a mean interval of 11.4 years, ranging between 

3 and 26 years since surgery. The single alumina ceramic 

on polyethylene had a 13-year interval. The revision metal-

on-polyethylene following ceramic fracture presented only 

9 months following surgery. The ceramic-on-metal implant 

presented only 6 months following surgery.

Is There A Consistent Diagnostic Strategy?

In addition to radiographs, computed tomography (CT) of 

the pelvic region was almost universally utilized (25/31) 

during the diagnostic process. Biopsy of the soft-tissue mass 

either through percutaneous or open means was performed 

in 12 of the 31 cases. Ultrasound visualization (7/31), duplex 

venography (5/31), arthrography (4/31), magnetic resonance 

imaging (MRI) (3/31), and bone scanning (2/31) were also 

utilized, depending on the presenting symptoms.

Is There A Consistent Therapeutic Strategy?

The choice of operative versus nonoperative interventions 

was dependent on the presence or absence of loosening 

secondary to osteolysis at the time of presentation. Aseptic 

loosening was described in 27 of the 31 cases, and revision 

of at least the loose component was offered to the patient 

in all cases. Two patients refused revision arthroplasty.17,23 

Of the remaining cases, where no loose components were 

initially identified, eventual operative intervention occurred. 

Exchanging of the polyethylene liner occurred in two 

cases,22,32 while revision to alternate bearing surfaces took 

place in the other two remaining cases.36,37

 Only one case of attempted nonoperative management 

through repeated drainage of the soft-tissue mass by percu-

taneous incisions was found. Regis and associates35 noted 

that in the presence of a soft-tissue granuloma secondary to a 

metal-on-polyethylene recurrence of the soft-tissue mass and 

associated symptoms occurred twice following drainage and 

only completely resolved following revision arthroplasty.35

Discussion

Results from the present analysis suggest that adverse lo-

cal soft-tissue reactions are a clinically important entity in 

non-metal-on-metal THAs that, when suspected, warrant a 

diagnostic work-up and consideration for component revi-

sion. Such reactions usually present as symptomatic pelvic 

cystic masses and consist of a granulomatous reaction that 

appears to emerge secondary to polyethylene wear debris. 

As has been seen in metal-on-metal bearings, adverse soft-

tissue reactions in non-metal-on-metal THAs often involve 

an aggressive osteolytic process and likely lead to implant 

failure if left untreated.

 The major limitation affecting this study involves limited 

reports of alternate bearing surface wear soft-tissue reac-

tions. Traditional metal-on-polyethylene THAs comprised 

over 90% of the cases that were qualified for analysis, 

permitting few conclusions to be drawn about soft-tissue 

reactions secondary to ceramic bearings, which were only 

represented in two cases. Fortunately, two recent retrieval 

studies involving mechanically loose ceramic-on-ceramic 

bearings revealed that periprosthetic tissue changes in re-

sponse to ceramic wear exhibited multiple histiocytes and 

tissue fibrosis,40 with little to no plasma cells or lympho-

cytes,41 suggesting a similar soft-tissue immune reaction as 

seen with metal-on-polyethylene wear.

 Recent investigations have indicated that soft-tissue 

reactions may be more common than previously suspected 

in mechanically loose THAs. Hisatome and colleagues19 

report two cases of hidden intrapelvic granulomas in loose 

non-metal-on-metal bearing surfaces that would have been 

missed during revision surgery had it not been for adequate 

preoperative imaging. Furthermore, soft-tissue changes 

secondary to particle wear were found on MRI in 33% of 

non-metal-on-metal THAs at a minimum of 12 months fol-

lowing surgery.42 Further study is warranted to determine 

the clinical sequelae of these changes.

Conclusion

The present analysis indicates that adverse local soft-tissue 

reactions in non-metal-on-metal THAs are a potential cause 

of destructive osteolysis and implant failure. Within the 

presence of loose components, biopsy of the affected area 

should be performed to identify the inciting wear particle and 

revision to alternate bearing surfaces should be considered 

as a definitive intervention. Taper corrosion is a rare cause 

of adverse soft-tissue reaction in non-metal-on-metal THA 
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and can be addressed through revision to a noncorrosive 

ceramic interface.

Disclosure Statement

John Antoniou, M.D., is a consultant for Depuy, Johnson 

& Johnson. None of the other authors have a financial 

or proprietary interest in the subject matter or materials 

discussed, including, but not limited to, employment, 

consultancies, stock ownership, honoraria, and paid expert 

testimony.

References

1. Mirra J, Amstutz H, Matos M, Gold R. The pathology of the 

joint tissues and its clinical relevance in prosthesis failure. 

Clin Orthop Relat Res. 1976;117:221.

2. Harris W. Wear and periprosthetic osteolysis: the problem. 

Clin Orthop Relat Res. 2001;393:66.

3. Mirra J, Marder R, Amstutz H. The pathology of failed total 

joint arthroplasty. Clin Orthop Relat Res. 1982;170:175.

4. Evans E, Freeman M, Miller A, Vernon-Roberts B. Metal 

sensitivity as a cause of bone necrosis and loosening of the 

prosthesis in total joint replacement. J Bone Joint Surg Br. 

1974;56(4):626.

5. Willert H, Buchhorn G, Fayyazi A, et al. Metal-on-metal 

bearings and hypersensitivity in patients with artificial hip 

joints. A clinical and histomorphological study. J Bone Joint 

Surg Am. 2005;87(1):28.

6. Jacobs J, Hallab N. Loosening and osteolysis associated 

with metal-on-metal bearings: a local effect of metal 

hypersensitivity? The Journal of Bone and Joint Surgery. 

2006;88(6):1171.

7. Watters T, Cardona D, Menon K, Vinson E, Bolognesi 

M, Dodd L. Aseptic Lymphocyte-Dominated Vasculitis-

Associated Lesion. Am J Clin Pathol. 2010;134(6):886.

8. Pandit H, Glyn-Jones S, McLardy-Smith P, et al. Pseudotumours 

associated with metal-on-metal hip resurfacings. J Bone Joint 

Surg Br. 2008;90(7):847.

9. Park Y, Moon Y, Lim S, Yang J, Ahn G, Choi Y. Early osteolysis 

following second-generation metal-on-metal hip replacement. 

J Bone Joint Surg Am. 2005;87(7):1515.

10. Kwon Y, Ostlere S, McLardy-Smith P, et al. “Asymptomatic” 

pseudotumors after metal-on-metal hip resurfacing arthroplasty 

prevalence and metal ion study. J Arthroplasty. 2010 Jun 28; 

Epub ahead of print.

11. Kwon Y, Glyn-Jones S, Simpson D, et al. Analysis of wear 

of retrieved metal-on-metal hip resurfacing implants revised 

due to pseudotumours. J Bone Joint Surg Br. 2010;92(3):356.

12. Visuri T, Pulkkinen P, Paavolainen P. Malignant tumors at 

the site of total hip prosthesis. Analytic review of 46 cases. J 

Arthroplasty. 2006;21(3):311-23.

13. Bourghli A, Fabre T, Tramond P, Durandeau A. Total hip 

replacement pseudotumoral osteolysis. Orthop Traumatol 

Surg Res. 2010 May;96(3):319-22.

14. DeFrang R, Guyer W, Porter J, Duwelius P. Synovial cyst 

formation complicating total hip arthroplasty: a case report. 

Clin Orthop Relat Res. 1996;325:163.

15. McGraw R, Morton K, Duncan C. Massive intrapelvic 

synovial cyst as a complication of total hip replacement 

arthroplasty: a case report. Can J Surg. 1991 Jun;34(3):267-9.

16. Fischer S, Christ D, Roehr B. Sciatic neuropathy secondary 

to total hip arthroplasty wear debris. J Arthroplasty. 

1999;14(6):771-4.

17. Hananouchi T, Saito M, Nakamura N, et al. Huge pelvic 

mass secondary to wear debris causing ureteral obstruction. 

J Arthroplasty. 2005;20(7):946-9.

18. Hattrup S, Bryan R, Gaffey T, Stanhope C. Pelvic Mass 

Causing Vesical Compression After Total Hip Arthroplasty 

Case Report. Clin Orthop Relat Res. 1988;227:184.

19. Hisatome T, Yasunaga Y, Ikuta Y, Takahashi K. Hidden 

intrapelvic granulomatous lesions associated with total hip 

arthroplasty: a report of two cases. J Bone Joint Surg Am. 

2003;85(4):708.

20. Jeanrot C, Ouaknine M, Anract P, et al. Massive pelvic and 

femoral pseudotumoral osteolysis secondary to an uncemented 

total hip arthroplasty. Int orthop. 1999;23(1):37-40.

21. Korkala O, Syrjänen K. Intrapelvic cyst formation after hip 

arthroplasty with a carbon fibre-reinforced polyethylene 

socket. Arch Orthop Trauma Surg. 1998;118(1-2):113-5.

22. Leigh W, O’Grady P, Lawson E, et al. Pelvic pseudotumor: an 

unusual presentation of an extra-articular granuloma in a well-

fixed total hip arthroplasty. J Arthroplasty. 2008;23(6):934-8.

23. Mak K, Wong T, Poddar N. Wear debris from total hip 

arthroplasty presenting as an intrapelvic mass. J Arthroplasty. 

2001;16(5):674-6.

24. Matsumoto K, Hukuda S, Nishioka J, Fujita T. Iliopsoas 

bursal distension caused by acetabular loosening after total 

hip arthroplasty a rare complication of total hip arthroplasty. 

Clin Orthop Relat Res. 1992;279:144.

25. Olesen Schaarup S, Varmarken JE. Intrapelvic mass in a young 

woman with an uncemented hip arthroplasty. Acta Orthop 

Belg. 2002 Dec;68(5):546-50.

26. Reigstad A, Røkkum M. An intrapelvlc granuloma induced 

by acetabular cup loosening. Acta Orthop Scand. 1992 

Aug;63(4):465-6. 

27. Svensson O, Mathiesen E, Reinholt F, Blomgren G. Formation 

of a fulminant soft-tissue pseudotumor after uncemented 

hip arthroplasty. A case report. J Bone Joint Surg Am. 

1988;70(8):1238.

28. Thienpont E, Vernaeve H. Reactive pelvic cyst following 

total hip arthroplasty. A case report. Acta Orthop Belg. 

2003;69(3):292-4.

29. Wang J, Lin C. Pelvic mass caused by polyethylene wear 

after uncemented total hip arthroplasty. J Arthroplasty. 

1996;11(5):626-8.

30. Beksaç B, Tözün R, Baktiroglu S, et al. Extravascular 

compression of the femoral vein due to wear debris-induced 

iliopsoas bursitis: a rare cause of leg swelling after total hip 

arthroplasty. J Arthroplasty. 2007;22(3):453-6.

31. Campbell T, Patton J, Porter D, et al. Primary extra-cranial 

meningioma following total hip replacement. Skeletal Radiol. 

2009;38(1):71-5.

32. Cheung YM, Gupte CM, Beverly MJ. Iliopsoas bursitis 

following total hip replacement. Arch Orthop Trauma Surg. 

2004 Dec;124(10):720-3; Epub 2004 Oct 23.

33. Fokter S, Repše-Fokter A, Taka I. Case report: femoral 

neuropathy secondary to total hip arthroplasty wear debris. 

Clin Orthop Relat Res. 2009;467(11):3032-5.

34. Fabbri N, Rustemi E, Masetti C, et al. Severe osteolysis and 

soft tissue mass around total hip arthroplasty: Description 



S51Bulletin of the NYU Hospital for Joint Diseases 2011;69(Suppl 1):S47-51

of four cases and review of the literature with respect to 

clinico-radiographic and pathologic differential diagnosis. 

Eur J Radiol. 2011 Jan;77(1):43-50; Epub 2010 Oct 8.

35. Regis D, Sandri A, Costa A, et al. Recurrent femoral deep vein 

thrombosis: rare complication of a pelvic mass induced by 

polyethylene wear debris following total hip arthroplasty. A 

case report. Thromb Res. 2008;121(4):593; Epub 2007 Aug 

10.

36. Xin W, Davenport R, Chang A, Michael C. Exaggerated 

pigmented granulomatous reaction to the artificial joint 

implant mimics metastatic melanoma. Diagn Cytopathol. 

2004 Mar;30(3):198-200.

37. Kohn D, Pape D. Extensive intrapelvic granuloma formation 

caused by ceramic fragments after revision total hip 

arthroplasty. J Arthroplasty. 2007;22(2):293-6.

38. Valentí J, Del Río J, Amillo S. Catastrophic wear in a metal-

on-ceramic total hip arthroplasty. The Journal of Arthroplasty. 

2007;22(6):920-2.

39. Needham J, Burns T, Gerlinger T. Catastrophic failure 

of ceramic-polyethylene bearing total hip arthroplasty. J 

Arthroplasty. 2008;23(4):627-30.

40. Kummer F, Stuchin S, Frankel V. Analysis of removed 

autophor ceramic-on-ceramic components*. J Arthroplasty. 

1990;5(1):29-33.

41. Yoon T, Rowe S, Jung S, et al. Osteolysis in association with 

a total hip arthroplasty with ceramic bearing surfaces. J Bone 

Joint Surg Am. 1998;80(10):1459.

42. Cooper HJ, Ranawat AS, Potter HG, et al. Early reactive 

synovitis and osteolysis after total hip arthroplasty. Clin 

Orthop Relat Res. 2010 Dec;468(12):3278-85.


