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Background   Modern-generation metal-on-metal artic-
ulations have a high wear resistance and may therefore 
be able to improve the long-term performance of artifi-
cial joints. However, the biological effects are still under 
debate. This study was undertaken to review the histo-
pathological changes in neo-capsule tissues of different 
metal-on-metal hip arthroplasties.

Methods   Neo-capsule tissue samples from 46 hips 
with modern second-generation metal-on-metal articu-
lations (39 hip resurfacings and 7 non-cemented total 
hip replacements) with a variety of failure mechanisms 
were examined histopathologically and immunohisto-
chemically.

Results   A distinct lymphocytic infiltration was found 
in all cases with in situ times of more than 7 months, 
consisting of CD20-positive B-lymphocytes and CD3-
positive T-lymphocytes and sometimes thinly distributed 
CD138-positive plasma cells without dominant T-cell or 
plasma cell infiltrates. 

Interpretation   This distinct lymphocytic infiltration 
has not been reported in tissue analyses of metal- or 
ceramic-on-polyethylene hip replacements, and may 
therefore be considered to be a characteristic histologi-
cal pattern of tissue reactions on metal particles and/or 
ions around metal-on-metal bearings. 

■

Reduction of wear debris is an important issue 
for improvement of long-term results of total hip 
replacement, and has re-stimulated interest in alter-
native bearing materials (Willert 1977, Willert and 
Semlitsch 1996). Cobalt-chromium-molybdenum 

alloys and ceramics have a higher wear resistance 
than polyethylene. Studies of retrieved historical 
metal-on-metal prostheses have shown extremely 
low wear rates, even 10–20 years after implanta-
tion (Semlitsch et al. 1989, McKellop et al. 1996). 
Today, several designs of modern-generation metal-
on-metal total hip replacement and hip resurfacing 
devices are available. Different research groups 
have reported satisfying short- to mid-term results 
of these articulations (Schmidt et al. 1996, Wagner 
and Wagner 1996, 2000, Dorr et al. 2000, Koroves-
sis et al. 2003, McMinn 2003, Amstutz et al. 2004, 
Beaule et al. 2004, Daniel et al. 2004, Knecht et al. 
2004, Witzleb et al. 2004, Treacy et al. 2005). Only 
Bachfischer et al. (2000) reported a higher rate of 
heterotopic ossifications and considered the metal-
on-metal bearing to be responsible. The amount of 
wear found on retrieved implants turned out to be 
as low as suggested by hip simulator tests (Schmidt 
et al. 1996, Streicher et al. 1996, Kremling et al. 
2004).

Even so, the biological effects of metal alloys 
containing cobalt, chromium, and molybdenum 
are still under discussion (Jacobs et al. 2003). 
Immunological reactions to these metals are of 
great interest, since Co, Cr, and also Ni ions can 
induce contact allergy in humans. Several research 
groups have found lymphocyte infiltrations in 
periprosthetic tissue surrounding historic metal-
on-metal articulations (Evans 1974, Willert 1977, 
Vernon-Roberts 1978). Similar changes were 
observed in the periprosthetic tissue of revised 
modern metal-on-metal hip replacement devices 
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(Willert et al. 2000, Campbell et al. 2001, Willert 
et al. 2001, Lintner et al. 2003, Willert et al. 2005). 
Willert et al. (2000, 2001) reported intense diffuse 
and perivascularly oriented lymphocytic infiltrates 
in all of the 14 cases investigated, and suggested 
a cell-mediated hypersensitivity reaction of type 
IV (delayed type hypersensitivity) caused by the 
release of metal particles from the articulation.

Here we report a semi-quantitative histologi-
cal and immunochemical analysis of neo-capsule 
tissues retrieved from second-generation metal-
on-metal hip replacement and hip resurfacing 
arthroplasties, performed with a view to determin-
ing the clinical relevance of the above findings. 

Material and methods

Neo-capsules, which had been retrieved from 46 
hips with modern second-generation metal-on-
metal articulations, were donated by 11 surgeons 
from Australia and Europe from 2000 through 
2004. The original devices were hip resurfacings in 
39 cases and non-cemented total hip replacements 
in 7 cases. Tissue samples were obtained at the time 
of revision of the original components because of 
aseptic loosening (21 hips), femoral neck fracture 
(7 hips), infection (6 hips) and recurrent disloca-
tion (2 hips), or at the time of exploration of the 
joint for removal of heterotopic bone (5 hips). 5 
joints had been revised due to chronic pain related 
to chronic synovitis or recurrent joint effusion (1 
case showed the histological pattern of a low-grade 
infection). All primary implantations were per-
formed due to osteoarthritis; patients with inflam-
matory disorders such as rheumatoid arthritis were 
excluded. The 24 male and 22 female patients who 
were included had a mean age of 57 (39–79) years 
at the time of revision. Their implants had been in 
situ from 3 weeks to 8 years (median 14 months). 

Histological analysis

Capsule tissue samples were obtained intraopera-
tively and immediately preserved in buffered 4% 
formalin. A minimum of 3 different representative 
samples from each explant were embedded in par-
affin wax, cut into 4-µm serial sections, and stained 
with hematoxylin and eosin (H&E), Prussian blue 
and giemsa. 10 high-power fields (1 HPF = 0.24 

mm2) were examined from each tissue section and 
the results were presented as the mode. All histo-
logical analyses were performed using an Olympus 
BHS light microscope in the transmitted and polar-
ized modes at final magnifications of 25×, 100× 
and 400×.

Grading of periprosthetic particle storage and 
histiocytic tissue reaction

The amount of metal particles in the tissue was 
estimated according to Willert and Semlitsch 1996 
and Willert et al. 2005 (“none”: no or only isolated 
phagocytosed particles without major macrophage 
reaction; “few”: few particles phagocytosed in 
some spots and/or accumulated perivascularly; 
“many”: evident accumulation of particles phago-
cytosed in macrophages; “abundant”: tissue loaded 
with particles, including foreign-body granulomas; 
“excessive”: tissue overloaded with particles, with 
foreign-body granulomas predominating every-
where). 

A semiquantitative rating scale described by 
Doorn et al. (1996) was used to assess the extent 
of necrosis (“1+”: 1–2 mm of necrosis/slide, “2+”: 
3–9 mm of necrosis/slide, “3+”: > 1 cm of necro-
sis/slide), polymethylmethacrylate globules (“1+”: 
1–3 globules/low power field (LPF = 3.8 mm2), 
“2+”: 4–6 globules/LPF, “3+”: > 7 globules/LPF), 
bone chips (“1+”: 1–5 bone chips/LPF, “2+”: 6–10 
bone chips/LPF, “3+”: > 10 bone chips/LPF) and 
metal particles (“slate blue” histiocytes: few (< 10) 
light microscopic visible metal particles (indicative 
of predominantly sub-micron particles), “dusty” 
histiocytes: isolated black specks in the cytoplasm, 
“jet black” histiocytes: abundant debris). 

Bacterial infection

To detect bacterial infection in the capsule tissue, 
histological criteria described by Athanasou et al. 
(1995) were assessed (“septic loosening” charac-
terized by 5 or more neutrophil polymorphs per 
high-power field, “low-grade infection” character-
ized by 1–4 neutrophil polymorphs). 

Grading of lymphocytic infiltration

Neo-capsule tissues from infected hips or hips with 
a histological pattern of infection (7 cases) were 
excluded from the investigation. Lymphocytic 
infiltration was assessed by counting the individual 
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cells of a diffuse infiltration (magnification 40×) 
and the number of perivascular agglomerations 
(magnification 4×) per field of view (“none”: ≤ 10 
cells of diffuse infiltration and/or no perivascu-
lar agglomeration, “few”: 11–30 cells and/or 1–2 
agglomerations, “many”: 31–50 cells and/or 3–6 
agglomerations, “abundant”: 51–100 cells and/or 
7–10 agglomerations, “excessive”: > 100 cells and/
or > 10 agglomerations) (Willert et al. 2005).

Immunohistochemical analysis

To further characterize inflammatory cells involved 
in the tissue response, immunohistochemistry was 
performed. The specimens were stained automati-
cally (Benchmark; Ventana Medical Systems Inc., 
Illkirch, France) using the Avidin-Biotin-Complex 
(ABC) method and antibodies listed in the Table 
(DakoCytomation, Glostrup, Denmark). Positive 
controls (lymphoma tissue, tonsillar tissue and his-
tiocytic tumor tissue) and negative controls were 
stained using the same method. The immunohis-
tological pattern of T- and B-lymphocytes and 
plasma cell distribution were examined. 

Proliferation was classified using the Ki-67/MIB 
1 index, i.e. nuclear staining of lymphocytes for 
the proliferation-associated Ki-67 antigen. A pro-
liferation index of over 5% was taken to indicate 
“increased” proliferation (Gerdes et al. 1991).

Statistics

As indicated above, each histological and immu-
nohistochemical grading was scaled in terms of a 
3–5-stage classification rule (such as the classifica-
tions “none” to “excessive” defined to character-
ize lymphocytic infiltration. The resulting classi-
fication data were analyzed by means of absolute 
and appropriate relative (%) frequencies. For the 
sake of illustration, the original rating scales were 
then aggregated by combining some of the original 

classes into binary classifications (such as a “posi-
tive” vs. a “negative” finding). 

Descriptive sub-sample comparisons concerning 
these ratings were performed by means of bivariate 
contingency tables (graphically on bar diagrams, 
accordingly); significance comparisons were based 
on Fisher’s exact test. 

Agreement analysis between parallel ratings 
(i.e. between different histological findings) was 
based on pairwise kappa coefficients after appro-
priate re-scaling of the underlying gradings into a 
binary classification rule. Kappa coefficients were 
presented by means of point estimates and 95% 
confidence intervals; a kappa point estimate of 
80% or more was considered to be an indication of 
good agreement between the respective gradings. 
Pairwise McNemar tests were used to test for grad-
ing bias between the respective (binary) gradings, 
i.e. to detect a systematic tendency of one grading 
towards positive findings. Results of significance 
tests were summarized in terms of p-values, and 
statistical significance was assumed for p < 0.05.

Results

The neo-capsule tissues showed varying extents 
of ulceration and superficial necrosis. In median 
1–2 mm of the superficial layer were necrotic per 
slide (grade 1+). 3 cases (revision caused by infec-
tion, femoral neck fracture and aseptic loosening, 
respectively) showed an extensive necrosis of more 
than 1 cm per slide. Cases with in situ times of 
more than one year showed a slightly (although not 
significantly) stronger degree of necrosis (Fisher’s 
exact test, p = 0.8) (Figure 1).

In cases where revision was caused by loosen-
ing or femoral neck fracture, a detritic synovitis 
and polymethylacrylate globules (grade 1+ in 3 

Immunohistochemical staining methods used for grading

Antigen Dilution of primary  Clone Source Used for detection of:
 antibody 

CD 3 1:20 Polyclonal DakoCytomation T-lymphocytes
CD 20 1:200 L 26 DakoCytomation B-lymphocytes
CD 68 1:200 KP 1 DakoCytomation Macrophages (histiocytes)
CD 138 1:50 MI 15 DakoCytomation Plasma cells
Ki - 67 1:100 Mib 1 DakoCytomation Proliferation-associated antigen
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cases, grade 2+ in 7 cases, grade 3+ in 6 cases) 
and/or bone chips (grade 1+ in 8 cases, grade 2+ in 
9 cases, grade 3+ in 2 cases) surrounded by giant 
cells or small foreign body granulomas were pres-
ent. Furthermore, by sandwich technique, titanium 
and polyethylene particles were seen in 1 case 
involving a loose cementless THR with a metal-
on-metal bearing.

All retrieved neo-capsule tissues showed a more 
or less strong fibrosis with some mast cells and sid-
erophages. In 3 cases where revision was caused by 
aseptic loosening, a distinct sclerosis was found. 
All 3 cases had in situ times of more than 2 years 
(24, 74 and 93 months, respectively).

None of the cases showed any infiltration of 
eosinophilic granulocytes.

Particle storage and histiocytic tissue reaction

Particulate metallic debris was identified within 
CD68-positive macrophages in 42 of the 46 cases. 
In most of these, only small amounts of phago-
cytosed metallic particles were found. In 6 cases 
(revision caused by aseptic loosening in 3 cases, 
recurrent dislocation in 1, and chronic pain in 
1 case) the neo-capsule tissue was loaded with 
metallic particles, including a few giant cells and 
isolated small foreign-body granulomas (“abun-
dant” particle storage). These cases showed the 
grayish discoloration of a metallosis even macro-
scopically. None of the cases showed “excessive” 
particle storage. Cases with in situ times of more 

than one year had a slightly (although not sig-
nificantly) stronger storage of metallic particulate 
debris and histiocytic reaction (Fisher’s exact test, 
p = 0.2) (Figure 2).

In 24 of the 46 cases, histiocytes showed a normal 
or “slate-blue” cytoplasmic appearance according 
to Doorn et al. (1996), indicative of small (sub-
micron) particle sizes (Figure 3). 17 cases showed 
a few isolated black specks in the cytoplasm of the 
histiocytes (with a “dusty” appearance) (Figure 
3). Abundant debris (“jet-black” histiocytes) was 
present in only 5 neo-capsule samples.

The extent of necrosis (none and “1+” as opposed 
to “2+” or “3+”) showed only moderate agreement 
with the observed metallic particle burden of the 
neo-capsule probes of “none”/“few” vs. “many”/
“abundant”. However, in 12/46 cases a notable 
particle burden was observed without necrosis, 
whereas in only 4 cases the extent of necrosis was 
rated “2+”/“3+” and the corresponding extent of 
particle burden was “many/abundant” (McNemar 
test, p = 0.08).

Bacterial infection

6 cases with microbiologically proven infection 
(4 early infections, 2 late infections/septic loosen-
ings) showed 5 or more neutrophil polymorphs per 
high-power field and were also classified histologi-
cally as infections. 1 additional case with revision 
40 months postoperatively due to chronic pain and 
joint effusion showed the histological pattern of a 

Figure 1. Extent of necrosis in cases with in situ times of ≤ 
12 months and > 12 months.

Figure 2. Storage of metallic particulate debris and his-
tiocytic tissue reaction in cases with in situ times of ≤ 12 
months and > 12 months.
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low grade infection (1 to 5 neutrophil polymorphs 
per high-power field). These 7 cases were excluded 
from the investigation of lymphocytic infiltration.

Lymphocytic infiltration

In 3/39 cases who underwent early revision 4–7 
months after implantation (revision was caused by 
femoral neck fracture in two hip resurfacing cases, 
and by heterotopic bone formation in 1 case), not 
more than 10 diffuse distributed lymphocytes per 
field of view and no perivascular lymphocytic 
infiltration was detectable. All of the other 36 
cases showed a distinct degree of lymphocytic 
infiltration (“few” to “excessive”), consisting of 
CD20-positive B-lymphocytes and CD3-positive 
T-lymphocytes, and sometimes thinly distributed 
CD138-positive plasma cells. The inner layer of 
the neo-capsule samples showed predominantly 
diffusely distributed lymphocytes (diffuse infiltra-
tion). In the intermediate vascular layer, the infil-
trates were mostly found to be surrounding post-
capillary venules (perivascular infiltration; Figures 
4 and 5). Dominant T-lymphocytic or plasma cell 
infiltrates were not found in any of the 46 cases.

Diffuse lymphocytic infiltrates

11 of the 39 cases showed stronger (“many”/
“abundant”) diffuse infiltrations of the inner neo-
capsular layer without any significant correlation 
to the diagnosis leading to revision. No “exces-
sive” diffuse lymphocytic infiltrations were pres-
ent in any of the cases. The extent of diffuse lym-
phocytic infiltration (“none”/“few” as opposed to 

“many”/“excessive”) was no different between 
cases with in situ times of more or less than 1 year 
(59% vs. 47%). Furthermore, there was no corre-
lation between the extent of diffuse lymphocytic 
infiltration and the extent of particle storage and 
histiocytic reaction of the neo-capsule probes 
(McNemar test; p = 0.04, κ = 1%) and the extent of 
necrosis (p = 0.8), respectively. 

Perivascular lymphocytic infiltration

14 cases (7 cases with aseptic loosening, 2 cases 
after femoral neck fracture, 3 cases revised due 
to heterotopic ossification, 2 cases with chronic 
synovitis) showed a stronger (“many”/“abundant”) 
perivascular lymphocytic infiltration. In 2 cases (1 
with aseptic loosening and 1 with recurrent dis-
location), an “excessive” perivascular infiltration 
was present (Figure 5). 

The extent of perivascular lymphocytic infil-
tration (“none”/“few” as opposed to “many”/
“excessive”) was no different between cases with 
in situ times of more or less than 1 year (41% vs. 
42%). Furthermore, the extent of perivascular lym-
phocytic infiltration did not show any agreement 
with the metallic particle burden of the neo-capsule 
probes (McNemar test; p = 0.3, κ = 14%) and the 
extent of necrosis (p = 0.6, κ = 4%), respectively. 
On the other hand, higher grade perivascular infil-
tration (“many”/“excessive”) tended to coincide 
with stronger diffusely distributed infiltrates in the 
inner layer of the neo-capsule (McNemar test; p = 
0.1, 95% CI: 42–80%). 

Figure 3. Micrographs of hematoxylin and eosin (H&E) stained sections  (magnification 400×).
A. Clusters of macrophages with “slate blue” cytoplasmic appearance. 
B. “Dusty” macrophage appearance, which is characterized by isolated black specks in the cytoplasm 
(white arrows). The particle size is up to 1 µm, while the normal size of lymphocytes is 5–7 µm (black 
arrows).

  A   B
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Cases with excessive lymphocytic infiltration

2 cases showed “excessive” perivascular lympho-
cytic infiltrates in the intermediate vascular layer, 
associated with abundant diffuse infiltrates in the 
inner layer of the neo-capsule. In both specimens 
lymphatic follicles were detectable, with formation 
of germinal centers (Figure 5). The follicles con-
sisted of T- and B-lymphocytes. The follicle centers 
showed increased proliferative activity (Ki 67/MIB 
1 index > 5% positive cells) and in the periphery a 
plasma-cell line was recognizable (Figure 6). 

In both cases, the revision surgeons reported 
milky-caseous exudates. Fibrinous exudates and 
a stronger degree of necrosis (grade 2+ and 3+) 
were also detectable histologically. 1 case (a 56-

year-old woman) was revised due to aseptic loos-
ening accompanied by a massive pelvic osteolysis 
21 months after primary implantation. The second 
case (a 62-year-old woman) was revised due to 
recurrent dislocations 35 months after primary 
implantation. Implants were stable and there was 
no osteolysis present, but the joint was filled with 
milky-caseous exudates, which are considered 
untypical for cases of dislocation. 

Discussion

Metal- or ceramic-on-polyethylene total hip 
replacements have been shown to generate wear 

  A

  B

  D  C

Figure 5. Perivasal accumulated lymphocytic infiltrates (H&E-stained sections). 
A. “Many” perivascular lymphocytic infiltrates (magnification 100×). 
B. “Abundant” perivascular lymphocytic infiltrates; few lymphocytic follicles without germinal centers (magnifica-
tion 100×). 
C. and D. “Excessive” lymphoplasma cellular infiltration; lymphocytic follicles with formation of germinal centers 
in the intermediate vascular layer (magnification 25× (C) and 100× (D)). 
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particles in high numbers. Sub-micron-sized poly-
ethylene particles are phagocytosed by histio-
cytes in periprosthetic tissues, larger particles are 
phagocytosed by giant cells, leading to the release 
of inflammatory and osteolytic mediators—result-
ing in periprosthetic osteolysis, and often aseptic 
loosening (Howie et al. 1988, Maloney et al. 1990, 
Murray and Rushton 1990, Amstutz et al. 1992, 
Athanasou et al. 1992, Schmalzried et al. 1992, 
Glant et al. 1993, Campbell et al. 1994, Margevi-
cius et al. 1994, Shanbhag et al. 1994, Willert 
and Semlitsch 1996, Massin et al. 2004, Ingham 
and Fisher 2005). Lymphocytic reactions do not 
appear to play an important role in polyethylene 
wear particle-related osteolysis (Jiranek et al. 
1995, Doorn et al. 1996, Davies et al. 2005, Wil-
lert et al. 2005).

The hypothetical advantage of metal-on-metal 
total hip replacements and hip resurfacings is based 
on the observation that the wear rate is much lower 
than in metal- or ceramic-on-polyethylene prosthe-
ses (Sieber et al. 1999, McMinn 2003, Kremling 
et al. 2004). The particles produced are, however, 
orders of magnitude smaller and many more par-
ticles are produced (Goldsmith et al. 2000, Ingham 
and Fisher 2000, Firkins et al. 2001). Such very 
small particles may provoke biological reactions 
that have been unrecognized previously.

Most neo-capsule tissue samples in our series 
contained only small amounts of metallic wear 
particles that could be seen in the light microscope. 
“Slate blue” histiocytes were mostly present, indic-
ative of predominantly sub-micron particle sizes. 
Accordingly, the histiocytic foreign-body reaction 

  A   B

  C   D

Figure 6. Different immunohistological stainings for a prominent synovial perivascular lymphatic follicle (magnification 
100×). 
A. Follicular pattern of CD3-positive T-lymphocytes (brown-colored). 
B. Follicular pattern of CD20-positive B-lymphocytes. 
C. In the periphery, a small line of CD138-positive plasma cells. 
D. Increased number of MIB-1-positive lymphocytes showing proliferation.
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was relatively mild. Only 6/46 cases showed larger 
numbers of phagocytosing macrophages, but there 
was no substantial granuloma formation. 

The characteristic histological pattern of the 
neo-capsules examined consisted of diffuse and 
perivascularly-oriented infiltration of T- and B-
lymphocytes accompanied by plasma cells. This 
histological phenomenon has not been reported in 
tissue analyses of metal- or ceramic-on-polyethyl-
ene hip replacements (Heilmann et al. 1975, Mirra 
et al. 1976, Willert 1977, Howie 1990, DiCarlo 
and Bullough 1992, Willert and Semlitsch 1996, 
Davies et al. 2005, Willert et al. 2005).

Described as aseptic lymphocyte-dominated vas-
culitis-associated lesion (ALVAL) or as lympho-
cyte-dominated immunological answer (LYDIA), 
lymphocytic infiltration has also been observed 
in periprosthetic tissues obtained during revision 
of first- and second-generation metal-on-metal 
implants by other study groups (Willert and Sem-
litsch 1996, Willert et al. 2000, 2001, 2005, Camp-
bell et al. 2001, Al-Saffar 2002, Bohler et al. 2002). 
It is important to note that these histological pat-
terns were seen in association with both total hip 
replacement and hip resurfacing designs of metal-
on-metal prostheses. As in our investigation, too, 
devices of various different manufacturers showed 
similar histological changes. Davies et al. (2005) 
concluded that perivascular lymphocytic cuffs and 
surface ulceration were associated with metal-on-
metal prostheses. Our findings support the notion 
that prominent lymphocytic infiltration is the char-
acteristic histological pattern of this bearing type. 
In contrast to the findings of Davis et al., the extent 
of superficial necrosis was neither associated with 
the extent of diffuse lymphocytic infiltration of the 
inner neo-capsule layer nor with the extent of peri-
vascularly-oriented lymphocytic infiltrates. Our 
findings do not support the hypothesis of lympho-
cytic infiltration leading to necrosis, ulceration and 
implant failure per se. 

The lymphocytic infiltrates consisted of CD3-pos-
itive T-cells and CD20-positive B-cells. Occasional, 
but sparsely distributed CD138-positive plasma cells 
were found. None of our cases showed a dominant 
infiltration of T-lymphocytes, plasma cells or eosin-
ophilic granulocytes. Considering the immunohisto-
logical results, the cases without “excessive” lym-
phocytic infiltration may represent the changes of an 

adaptive immune response. This histological pattern 
was also found to be present in joints revised for 
heterotopic bone formation, and has been reported 
in periprosthetic tissues from well-fixed metal-on-
metal implants (Davies et al. 2005).

 2 of our 46 cases showed “excessive” perivas-
cular lymphocytic infiltrates without clinical and 
histological signs of a bacterial infection. In both 
specimens, the histological pattern of an activa-
tion and maturation of B-cells into plasma cells 
was found. This observation seems to have been 
the consequence of an adaptive specific immune 
response and was associated with necrosis of the 
neo-capsule in both cases, and pelvic osteolysis and 
implant loosening in one. It may be hypothesized 
that this pathological immune reaction might cause 
premature failure of metal-on-metal implants. The 
histological pattern of contact allergy to metals and 
reported cases of peri-implantar T-cell rich inflam-
matory infiltrations, interpreted as allergic reac-
tions, differ from the pattern found in these two 
cases (Hallab et al. 2001, Davies et al. 2005). But 
a type-IV (delayed type) hypersensitivity reaction 
on a soluble antigen cannot be ruled out, and is in 
fact more probable given the abundant infiltrates 
shown. The diagnostic relevance of patch tests—
reported in studies on total knee replacements 
and other metallic implants—is therefore unclear 
(Thomas et al. 2000, Schoberl et al. 2004, Niki et 
al. 2005, 2006).

 From a methodological point of view, the above 
conclusions must be carefully reconsidered. Since 
several sources of heterogeneity in the underlying 
data must be kept in mind, the overall sample size 
of 46 cases imposes obvious limitations on the 
generalizability of the above results.

In summary, distinct lymphocytic infiltration may 
be considered to be a characteristic histological 
pattern of tissue reactions on metal particles and/
or ions around metal-on-metal bearings, not nec-
essarily leading to implant failure. The prevalence 
of specific immune reactions, which may cause 
premature failure of metal-on-metal implants, is 
probably low given the reported success of these 
bearings; nevertheless, it is still unknown at pres-
ent. Thus, further investigations on the prevalence, 
association with clinical failure patterns, and diag-
nostic tools for detection of these pathological 
immune reactions are recommended. 
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