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Background and purpose —  It is unclear whether delayed-
type hypersensitivity reactions against implanted metals play a 
role in the etiopathogenesis of malfunctioning total knee arthro-
plasties. We therefore evaluated the association between metal 
allergy, defined as a positive patch test reaction to common metal 
allergens, and revision surgery in patients who underwent knee 
arthroplasty. 

Patients and methods — The nationwide Danish Knee Arthro-
plasty Register, including all knee-implanted patients and revi-
sions in Denmark after 1997 (n = 46,407), was crosslinked with a 
contact allergy patch test database from the greater Copenhagen 
area (n = 27,020). 

Results — 327 patients were registered in both databases. The 
prevalence of contact allergy to nickel, chromium, and cobalt 
was comparable in patients with and without revision surgery. 
However, in patients with 2 or more episodes of revision surgery, 
the prevalence of cobalt and chromium allergy was markedly 
higher. Metal allergy that was diagnosed before implant surgery 
appeared not to increase the risk of implant failure and revision 
surgery. 

Interpretation — While we could not confirm that a positive 
patch test reaction to common metals is associated with complica-
tions and revision surgery after knee arthroplasty, metal allergy 
may be a contributor to the multifactorial pathogenesis of implant 
failure in some cases. In cases with multiple revisions, cobalt and 
chromium allergies appear to be more frequent. 



Technological advancement in engineering and design of knee 
prostheses and also higher surgical standards have improved 

safety and prosthetic survival, but up to 20% of patients in 
general (Murray et al. 2014) and 12% of those in Denmark 
(Database 2011) are still not satisfied with the result of their 
knee replacement. The most common complications include 
aseptic loosening, pain, secondary placement of the patella 
component, and polyethylene failure (Database 2011, Aggar-
wal et al. 2014, Schairer et al. 2014).

Often, implant failure of unknown etiology involves pain 
and aseptic loosening. The etiopathogenesis of aseptic loosen-
ing is probably multifactorial, with many contributory factors 
(Sundfeldt et al. 2006, Gallo et al. 2014). It is generally agreed 
that particles released from wear, and perhaps corrosion, 
accumulate around the joint, and activate the host immune 
response. Macrophages contain wear particles and orchestrate 
local osteolysis and bone resorption at the bone-prostheses 
interface. It is uncertain whether delayed-type hypersensi-
tivity reactions against implanted metals contribute to oste-
olysis, but a recent review article has shown that T-helper cell 
1-cytokines, such as IL-2 and interferon gamma—which are 
expressed in metal allergy—are frequently identified in his-
tological samples from patients (Gallo et al. 2013). In further 
support of this, a recent systematic review (Granchi et al. 2012) 
on total joint replacement showed that the prevalence of metal 
allergy is higher postoperatively (odds ratio (OR) = 1.5, 95% 
CI: 1.1–2.3) when compared to controls, and that the preva-
lence is even higher when patients with failed implants are 
compared to patients with stable total joint replacements (OR 
= 2.8, 95% CI: 1.1–6.7). However, it is still unknown whether 
metal allergy prior to implantation may be a risk factor for 
revision surgery or whether  it is a result of implant failure 
resulting in secondary sensitization (Thyssen et al. 2009a). 
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We assessed the association between metal allergy and revi-
sion surgery of TKAs, the hypothesis being that contact der-
matitis patients with metal allergy would have a higher degree 
of prosthetic complications following TKA than dermatitis 
patients without metal allergy.

Patients and methods
Study population
All Danes are assigned a personal identification number con-
sisting of their 8-digit date of birth followed by an additional 
4 digit identification code. These identification numbers are 
managed by the Central Personal Register (CPR), and allow 
unique, specific data extractions covering multiple registers. 
In this study, we crosslinked the nationwide Danish Knee 
Arthroplasty Register (DKAR), operated from the Common 
Orthopaedic Database, Center for Clinical Quality and Com-
petence, Aarhus, Denmark, with a contact allergy database 
(CAD) from the greater Copenhagen area, which is oper-
ated from Gentofte Hospital, Denmark. The DKAR receives 
data from all public Danish hospitals that perform TKA and 
revisions and also from some private clinics (Pedersen et al. 
2012). The CAD contains patch test data from consecutive 
patients with dermatitis who have been evaluated for contact 
allergy at the tertiary department of dermatology, Gentofte 
Hospital, which mainly serves the greater Copenhagen area. 
We crosslinked the 2 databases for the period 1979–2013. 
From the CAD, we extracted metal allergy data from 27,020 
patients who underwent patch testing between 1977 and 2013. 
From the DKAR, we identified 46,407 patients for the period 
1997–2009. 43,910 of them were eligible for the study, as they 
had undergone knee surgery and had been correctly registered 
in the DKAR (Figure 1). After crosslinking, 327 patients were 
identified who had undergone both metal allergy patch test-
ing and primary TKA, and 253 of them had been patch-tested 
before their TKA operation.

Patch testing
Patch testing was performed with the European Baseline 
Series using Finn chambers (8 mm; Epitest Ltd., Oy, Finland) 
on Scanpor tape (Norgesplaster A/S, Vennesla, Norway). Only 
results for nickel, cobalt, and chromium testing were used for 
this study. For the entire study period, nickel sulfate (5%), 
cobalt chloride (1%), and potassium dichromate (0.5%) were 
used in petrolatum. According to international guidelines, the 
patches were applied on the upper back and were occluded for 
48 h. Readings were done at standardized time intervals after 
application: 48 h, 72 h, 96 h, and 7 days. Any reactions were 
scored using the International Contact Dermatitis Research 
Group (ICDRG) criteria (Wilkinson et al. 1970). Negative, 
“irritant”, and doubtful readings were regarded as negative 
reactions, whereas 1+, 2+, and 3+ reactions were categorized 
as positive. 

Statistics
Continuous data were categorized into categorical variables 
using SPSS for Windows release 19.0. The chi-square test was 
used to test for possible differences between categorical vari-
ables. Fisher’s exact test was used if the expected frequency of 
any of the cells was less than 5. The level of statistical signifi-
cance was set at 5% (p = 0.05). Associations were expressed 
as odds ratio (OR) with corresponding 95% CI.

Ethics
The project was approved by the Danish Data Protection 
Agency (diary entry number 2007-58-015). It was approved 
on December 3, 2010 with planned completion extended until 
the February 18, 2015.

Results

In general, patient characteristics were similar in those who 
were registered in the DKAR only and those who were regis-
tered in both the CAD and the DKAR, except that there was 
a significantly lower prevalence of women in the DKAR only 
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Figure 1. The process of selection of the study population.
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(62% vs. 72%; p = 0.001 (p-values are not shown in Table 1)). 
However, this difference was to be expected, as the proportion 
of women is generally high in patch-tested dermatitis patients 

(Uter et al. 2012). 2,806 patients 
(6.4%) underwent revision surgery, 
but only 32 of these (1.1%) were 
in the CAD group. Aseptic loosen-
ing, pain, instability, and infection 
were common causes of revision 
surgery in both groups. A higher 
proportion of patients who experi-
enced pain without loosening was 
observed in the 327 patients who 
had also been patch-tested (4% 
vs. 1.5% in those who had not; p = 
0.002)—but overall, the causes of 
revision and prevalence of postop-
erative complications were similar 
in the 2 groups. 

Table 2 shows the prevalence of 
metal allergy in different popula-
tions, including adults in the gen-
eral population in Copenhagen, 
Denmark (Thyssen et al. 2009c) 
and dermatitis patients at Gentofte 
Hospital (Thyssen et al. 2010). As 
expected, the prevalence of metal 
allergy was higher in dermatitis 
patients than in controls from the 
general population. In particular, 
dermatitis patients who underwent 
revision surgery had a lower preva-
lence of metal allergy than derma-
titis patients with well-functioning 
TKA (13% vs. 16%), but this dif-
ference was not statistically signifi-
cant. This was mainly explained by 
a lower prevalence of nickel allergy 
in the revised group, whereas cobalt 

Table 1. characteristics of patients who underwent primary total knee replacement and revision 
surgery between 1997 and 2009

 Patients from the  Dermatitis patients
 DKAR (2013) from the DKAR a Odds ratio
 (n = 43,910) (n = 327) (95% CI) b 

 n (%) n (%)

Female gender 27,367 (62.3) 234 (71.6) 0.7 (0.5–0.8)
Age groups:   
 10–49 2,224 (5.1) 15 (4.6) 1.1 (0.7–1.9)
 50–59 7,383 (16.8) 68 (20.8) 0.8 (0.6–1)
 60–69 14,721 (33.5) 111 (33.9) 1 (0.8–1.2)
 70–79 14,161 (32.2) 108 (33.0) 1 (0.8–1.2)
 > 79 5,421 (12.3) 25 (7.6) 1.7 (1.1–2.6)
Primary diagnosis:   
 Primary idiopathic osteoarthritis 36,694 (83.6) 281 (85.9) 0.8 (0.6–1.1)
 Secondary osteoarthritis 4,190 (9.5) 24 (7.3) 1.3 (0.9–2)
 Sequelae of trauma 1,029 (2.3) 3 (0.9) 2.6 (0.8–8.1)
 Rheumatoid arthritis 1,389 (3.2) 16 (4.9) 0.6 (0.9–1.1)
 Sequelae of other arthritides 211 (0.5) 0 
 Hemophilia 21 (0) 1 (0.3) 0.2 (0.02–1.2)
 Other diagnoses 376 (0.9) 2 (0.6) 1.4 (0.4–5.7)
Type of operation:   
 Total arthroplasty 40,773 (92.9) 301 (92.0) 1.1 (0.8–1.7)
 Unicompartmental arthroplasty 3,137 (7.1) 26 (8.0) 0.9 (0.6–1.3)
Previously operated in the same knee 13,261 (30.2) 86 (26.3) 1.2 
(1–1.6) 
Cause of revision:   
 Aseptic loosening 883 (2.0) 7 (2.1) 0.9 (0.4–2)
 Pain but no loosening                669 (1.5) 13 (4.0) 0.4 (0.2–0.7)
 Instability of the knee                587 (1.3) 9 (2.8) 0.5 (0.3–0.9)
 Deep infection                622 (1.4) 7 (2.1) 0.7 (0.3–1.4)
 Secondary insertion of 
    patella component                340 (0.8) 5 (1.5) 0.5 (0.2–1.2)
 Polyethylene failure, patella/tibia 223 (0.5) 3 (0.9) 0.6 (0.2–1.7)
 Other                443 (1.0) 1 (0.6) 3.3 (0.5–23.7)
Postoperative complications 2,023 (4.6) 11 (3.4) 1.4 (0.8–2.5)

a Patients who were examined for metal allergy at Gentofte Hospital
b Comparison of patients from the Danish Knee Arthroplasty Register (DKAR) (reference category) 
and patients from the DKAR who were also examined for metal allergy at Gentofte Hospital, Copen-
hagen (chi-square test). Fisher’s exact test was used when the expected frequency in 1 of the cells 
was lower than 5.

Table 2. nickel, cobalt, and chromium (+metal*) allergy stratified by patient status. Values are n (%) and (95% cI)

 
 n Nickel allergy Cobalt allergy Chromium allergy Metal allergy a

Adults from the general population 
   (Thyssen et al. 2009c) 3,460 204 (5.9) (5.2–6.8) 8 (0.2) (0.1–0.5) 5 (0.1) (0.1–0.3) 345 (9.7) (9–11)
Dermatitis patients from between 1977 
   and 2009 (Thyssen et al. 2010) 22,506 2,341 (10.4) (10–10.8) 856 (3.8) (3.6–4.1) 608 (2.7) (2.5–2.9) Not available
Dermatitis patients who underwent 
   knee arthoplasty 327 39 (12) (8.9–16) 9 (2.8) (1.5–5.1) 14 (4.3) (2.6–7.1) 50 (15) (12–20)
Dermatitis patients who underwent 
   knee arthoplasty but not revision surgery 295 37 (13) (9.2–16) 12 (4.1) (2.3–7) 8 (2.7) (1.4–5.3) 46 (16) (12–20)
Dermatitis patients who underwent 
   knee arthoplasty and had revision surgery 32 2 (6.3) (1.7–20) 2 (6.3) (1.7–20) 1 (3.1) (0.6–16) 4 (13) (5–28)

a defined as nickel, cobalt, and/or chromium allergy.

allergy had a slightly higher prevalence (4.1% vs. 6.3%).
In general, revision surgery was not associated with a higher 

prevalence of metal allergy (Table 3). However, although the 
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numbers are low and therefore prone to random error, there 
appeared to be a slightly higher prevalence of cobalt and chro-
mium allergy in patients with 2 or more revisions relative to 
the controls. Regarding the specific complications in the 8 
patients with 2 of more revisions, 6 were primarily operated 
due to osteoarthritis. As for their revision profile, which can 
include multiple diagnoses, 4 were revised due to pain without 
loosening, 4 were revised due to infection, and 3 were revised 
due to aseptic loosening. None of the latter 3 had any second-
ary diagnoses as a cause of revision. 253 (77%) of the CAD 
patients were patch-tested before primary knee surgery. Of 
these, only 5 had multiple revisions performed and had metal 
allergy at the same time. 

Discussion

This retrospective registry-based crosslink study showed that 
metal allergy was not associated with revision surgery, and 
furthermore that cases with metal allergy prior to implantation 
did not appear to have a higher prevalence of complications or 
revision surgery. Our results therefore support the hypothesis 
that metal allergy is neither a general risk factor for failure of 
TKA nor a major player in its etiopathogenesis. The study also 
indicated (based on a small number of patients) that those with 
2 or more revisions had a higher prevalence of metal allergy, 
which can be explained by increased release of metals from 
wear and/or corrosion—resulting in secondary sensitization 
and possibly failure (Hallab et al. 2001). Furthermore, we 
found a higher incidence of metal allergy with patients who 
had had a revision because of unexplained pain. We cannot 
rule out that it was in fact metal allergy that had an impor-
tant role in the etiopathogenesis of implant failure. Thus, 
some individuals could be more susceptible to the effect of 
metal allergic reactions and thereby be at particular risk when 
implanted with prostheses that contain metals such as nickel, 
cobalt, and chromium. Today there is evidence to suggest that 
implants, both stable and unstable, result in metal sensitiza-
tion. For example, Granchi et al. (2008) recently showed that 

the prevalence of metal allergy was higher after TKA—either 
stable or loosened (no implant 20%; stable TKA 48%, p = 
0.05; loosened TKA 60%, p = 0.001)—relative to controls. 
The most compelling cases to support an association between 
metal allergy and implant failure, however, come from THA 
patients with failed metal-on-metal joints, where metal release 
appears to be very high (Thomas et al. 2009). Also, it is note-
worthy that cytokines normally involved in delayed-type 
hypersensitivity reactions have been frequently identified in 
histopathological samples of patients with aseptic osteolysis 
(Gallo et al. 2014, Gallo et al. 2013). Surprisingly, we found 
a lower prevalence of metal allergy in dermatitis patients who 
underwent (single) revision surgery than in dermatitis patients 
with well-functioning TKA. This was mainly due to a lower 
prevalence of nickel allergy in the revised group, which is 
likely to be explained by a cohort effect. Thus, ear and body 
piercings often leading to nickel allergy are uncommon in 
older patients, whereas younger individuals more often have 
piercings (Thyssen et al. 2009b). The slightly higher preva-
lence of cobalt allergy in those who underwent revision sur-
gery could in fact be explained by release of cobalt from the 
implant. 

Non-mechanical complications following arthoplasty 
include dermatitis, bullous skin reactions, vasculitis, pain, 
osteolysis (Rostoker et al. 1987, Basko-Plluska et al. 2011), 
and—more rarely—pseudotumor formation and ALVAL 
(Mikhael et al. 2009). We present selected prospective stud-
ies below to provide an overview of the association between 
metal allergy and complications following arthroplasty, but we 
emphasize that the studies were heterogeneous regarding the 
design, the inclusion criteria, the tests used to identify metal 
allergy, the follow-up period, and the primary outcome. Also, 
several of the studies included both THA and TKA patients. 
Many different prostheses are available on the market, and 
these are constantly changing due to advances in design and 
wear properties. For example, hip prostheses include metal-
on-metal, metal-on-polyethylene, ceramic-on-polyethylene, 
and ceramic-on-ceramic implants. At present, metal-on-poly-
ethylene is the main design used for TKA.

Table 3. The prevalence of metal allergy in 327 patients who underwent primary TKA and/or revision surgery. Values 
are n (%) and (95% cI)

  Operated  Revised Revised 
 once Revised a once 2 or more times  
 (n = 295) (n = 32)  (n = 24) (n = 8) OR a p-value

Metal allergy b 46 (16) (12–20) 4 (13) (5–28) 2 (8) (2–26) 2 (25) (7–59) 0.8 (0.3–2) 1
Nickel allergy 37 (13) (9–17)  2 (6) (2–20) 2 (8) (2–26) 0 (0) 0.5 (0.1–2) 0.05
Cobalt allergy 8 (3) (1–6) 1 (3) (1–16) 0 1 (13) (2–47) 1.2 (0.1–9.6) 1
Chromium allergy 12 (4) (2–7) 2 (6) (2–20) 0 2 (25) (7–59) 1.5 (0.3–7) 0.06

a For comparison of cases without revision and those with any revisions (chi-square test). Fisher’s exact test was used 
when the expected frequency in one of the cells was lower than 5.
b Metal allergy was defined as a positive patch test reaction to nickel, cobalt, or chromium. 
OR: odds ratio.
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In a small study, 18 patients who were allergic to metal 
before implantation of an orthopedic device were re-eval-
uated several years later, but none had experienced derma-
tological or systemic complications (Carlsson and Moller 
1989). Another study, involving 66 patients who under-
went THA with metal-on-polyethylene arthroplasty and 
in whom patch testing was performed prior to surgery and 
6–12 months afterwards, showed that few patients developed 
metal allergy and that none of them experienced complica-
tions (Nater et al. 1976). One study examined 92 patients 
with a modified lymphocyte stimulation test prior to TKA, 
and showed that 26% were allergic to at least one metal 
(nickel, cobalt, chromium, or iron) (Niki et al. 2005). After 
surgery, 5 patients developed allergic metal dermatitis and 2 
of these underwent revision TKA, resulting in clearance of 
dermatitis. The authors found that chromium was the most 
likely metal to cause dermatitis after TKA, and concluded 
that routine screening for chromium and cobalt allergy could 
predict future metal allergy. Importantly, they emphasized 
that all patients with metal allergy had excellent bone growth 
into the implant, and were therefore revised due to dermatitis 
rather than loosening of the implant. A more recent study 
supported the notion that chromium and cobalt in particular 
may result in metal allergy following implantation, as the 
prevalence of chromium allergy increased after TKA or THA 
from 5% to 8% and the prevalence of cobalt allergy increased 
from 10% to 17% (Krecisz et al. 2012). However, a crosslink 
study from our group involving 356 patients showed that 
revision surgery was not associated with chromium or cobalt 
allergy (Thyssen et al. 2009a). Also, a recent study evaluat-
ing 87 patients for metal allergy prior to total joint arthro-
plasty showed no association between metal allergy and pain 
postoperatively (Zeng et al. 2014). One study showed that 
of 40 patients who underwent uncemented hip replacement, 
12% were metal-sensitized 6 months after surgery and 18% 
were sensitized 36 months after surgery according to a leu-
kocyte function test, whereas none of the patients reacted 
to a patch test (Vermes et al. 2013). Finally, in 72 patients 
undergoing TKA or THA who were patch-tested both before 
and after surgery, 5 patients who had initially tested negative 
became positive for at least 1 metal constituent of the pros-
thesis. Some patients were also tested using a lymphocyte 
transformation test (Frigerio et al. 2011).

Based on published studies that have evaluated the asso-
ciation between metal allergies and implant failure, different 
groups have argued about the value of pre-implant testing. 
Razak et al. (2013) performed a consensus study involving 90 
British orthopedic surgeons and concluded that a prosthesis of 
inferior quality or design should not be implanted following 
a positive metal allergy screening before the operation. This 
conclusion represents a pragmatic approach based on the gen-
eral experiences of orthopedic surgeons.

The above-mentioned systematic review from 2012 (Gran-
chi et al. 2012) concluded that there was no certain predictive 

value of pre-implant metal allergy testing. Finally, a recent 
questionnaire study evaluated the opinion of leading patch 
test practitioners attending conferences in Europe and the 
USA (Schalock and Thyssen 2013). Here, despite a low par-
ticipation rate, it became clear that there is currently no con-
sensus on the value of pre-implant patch testing. We there-
fore conclude that there is currently no evidence on which 
to base a recommendation for pre-implant testing of arthro-
plasty patients in general. Even so, metal allergy may still, in 
theory, take part in the etiopathogenesis of implant failure and 
should at least be considered prior to implantation in selected 
cases where a suspicion of a possible strong adverse reac-
tion is present, either from a strong personal medical history 
of metal reactivity or from an earlier verification of metal 
allergy by patch test. Advancements in prosthesis design are 
therefore essential, as the best current protective measure is 
well-produced implants with a low wear rate, reducing the 
particle load in the patient’s tissues—and also the potential 
for secondary sensitization. 

The present study had limitations apart from the relatively 
small sample size. Firstly, the patch test may not always pro-
vide an accurate reflection of an intrinsic immune response. 
Some dermatologists and immunologists therefore consider 
the lymphocyte transformation test (LTT) to be a more spe-
cific hypersensitivity test, as it measures the proliferation of 
monocytes under metal ion stimulation, expressed as a stimu-
lation index (Hallab et al. 2008). Yet, the LTT also has sev-
eral weaknesses, e.g. that T-cells die quickly, that the cost is 
high, that inter-laboratory variation must be taken into con-
sideration, and that there is a lack of standardization for sev-
eral metals. Secondly, the allergy database only covers part 
of the greater Copenhagen area, and mainly serves those who 
have been referred from private dermatology practice. Bias 
may therefore have affected our results. Thirdly, we only 
tested for cobalt, chromium, and nickel, so other metal aller-
gies that were not tested for could have affected the risk of 
complications and revisions. However, a strong point of our 
study was that the databases (including the CAD) covered the 
whole period 1977–2013. Thus, with the average lifetime of 
a prosthesis being > 9 years (Lozano Gomez et al. 1997), we 
should have covered the time frame in which metal allergy 
might have caused a hypersensitivity reaction, thus reducing 
the lifetime of the prosthesis. 

While we could not confirm that a positive patch test reaction 
to common metals is associated with complications and revi-
sion surgery following knee arthroplasty, metal allergy may 
well contribute to the multifactorial pathogenesis of implant 
failure in selected cases. In those patients who have under-
gone multiple revisions, cobalt and chromium allergy appear 
to be more frequent. We cannot recommend pre-implantation 
screening for metal allergy unless there is a strong sugges-
tion of previous adverse reactions to metal allergens in the 
patient’s history.  
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