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Summary

Background. Sensitization to orthopaedic implant materials is an unpredictable event
that might affect implant performance.
Objectives. In candidates for hip or knee joint prosthesis implantation, to evaluate
preoperative assessments for identifying patients with metal sensitivity, to determine
the percentage of patients who developed metal sensitivity at 1 year after prosthesis
implantation, and to examine the clinical relevance of patch tests and lymphocyte
transformation tests (LTT-MELISA®) for the evaluation of metal sensitization.
Patients and methods. A total of 100 patients referred for total hip or total knee
arthroplasty were assessed preoperatively and then at 1 year post-implantation by
means of patch tests with the metals present in the implant alloys. In a pilot study,
20 patients also underwent both patch testing and a lymphocyte transformation test
(LTT-MELISA®) for the same metals.
Results. Only 72 of 100 patients were patch tested both before and after surgery, and
12 of 20 also underwent LTT-MELISA® before and after surgery. Of 31/100 patients
with an apparent history of nickel sensitivity determined during preoperative assessment
of subjects, 12 tested negative on both tests, and 4 with a negative history of nickel
sensitivity tested positive. One year post-implantation (72 patients), 5 patients who had
initially tested negative for a metal allergy became positive for at least one or more metal
constituents of the prosthesis on at least one or the other test.
Conclusions. Given the discrepancies between the information obtained while taking
patient histories and test results, preoperative history-taking alone appears to be
insufficient for identifying patients with metal sensitivity. Moreover, the increase
in the percentage of patients who tested positive for metal sensitivity 1 year postimplantation suggests the possibility of prosthesis-induced sensitization. Therefore,
objective determination of metal sensitivity at preoperative assessment should be
considered in planning arthroplasty intervention, as it would help the surgeon in selecting
the most appropriate prosthesis for the patient and could benefit implant performance.
Key words: arthroplasty/hip replacement; lymphocyte activation; metal
hypersensitivity; metals/adverse effects; osteoarthritis; patch testing; prostheses and
implants/adverse effects.

Materials used in orthopaedic prostheses generally
demonstrate good biocompatibility. Because of long-term
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contact with biological tissues and mechanical action,
they undergo corrosion, degradation, and wear, which
results in the production of wear particles and metallic ions. Wear-debris particles may, in a few cases,
lead to a chronic inflammatory reaction in the periprosthetic region, resulting in implant failure caused
by macrophage-stimulated aseptic osteolysis. So-called
‘debris disease’ is the principal biological mechanism
underlying prosthesis loosening and failure (1, 2). Metals
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and polymers are the main components of orthopaedic
prostheses. Metals as debris or in the form of metal ions
can activate the immune system by inducing a delayedtype hypersensitivity reaction (3–8). The response of
metal-specific lymphocytes has been linked to poor
implant performance. It is thought that the stimulated T-cells generate pro-osteoclastogenetic factors
that can alter bone homeostasis (7). The most common sensitizing orthopaedic metals are nickel, cobalt,
and chromium; even metal immune hypersensitivity to titanium and vanadium has been sometimes
reported (9–11). Polymeric biomaterial such as acrylic
bone cements are degraded to smaller, water-soluble
methacrylates, and immune reactivity to polymethylmethacrylates or other constituents of prostheses has
been occasionally reported (12, 13).
Various studies have investigated possible correlations
between sensitization to orthopaedic metals and implant
failure. It has been reported that the mean prevalence of
metal sensitivity in the general population is 10–17% (in
recent years, 10% in women and 1% in men) (14, 15),
whereas it is 25% in patients with a functioning prosthesis,
and 60% in patients with implant failure (about six times
higher than in the general population) (16, 17). Although
this remains controversial, most investigators have concluded that metal sensitivity can be a contributory factor
to implant failure, because of the high proportion of
delayed-type hypersensitivity to metals in patients with
prosthesis loosening (16, 17), and the shorter lifespan of
the implant in patients with a positive patch test reaction
to metals (18). This prospective study used preoperative
history-taking for the identification of patients with metal
sensitivity, as well as in vivo patch tests and in vitro lymphocyte transformation tests (LTT-MELISA®). We also
wanted to study whether some patients developed hypersensitivity to the metals present in the implants 1 year
post-implantation, and to validate the clinical relevance
of positive reactions to implant materials.

Patients and Methods
Between June 2007 and September 2008, 100 patients
(27 men and 73 women; mean age, 68 years; range,
51–84 years) were enrolled in this prospective study.
All patients were candidates for the first arthroplasty
intervention of total hip or knee joint replacement for
osteoarthrosis. The study protocol was approved by the
local Ethics Committee, and all patients gave written
informed consent. The subjects were randomly recruited
from patients attending the Department of Orthopaedics
for preoperative assessment prior to total hip arthroplasty
or total knee arthroplasty. For each patient, a detailed
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history was taken, including the following: (i) a history of
metal allergy, such as metal-induced contact dermatitis,
documented by previous skin tests or known intolerance
to earrings, jeans buttons, and other items reported by
the patient; (ii) the medical conditions that led to the
need for arthroplasty, as well as concomitant illnesses;
(iii) the presence of other orthopaedic implants; and (iv)
drug therapy.
Of 100 patients, 48 underwent total hip arthroplasty
and 52 total knee arthroplasty. The main materials used
for implants were: Co–Cr–Mo alloy (Co 60%, Cr 30%,
Mo 7%, Ni 1%, and Fe 1%), Ti–Al–V alloy (Ti 90%,
Al 6%, and V 4%), ceramic, and polyethylene (Table 1).
At the beginning of the study, no subjects presented
with skin signs of metal contact allergy. Patients were
excluded from the study if the following applied: if they had
received an orthopaedic implant previously; and if they
had immune disease and/or were under corticosteroid or
other immunosuppressant therapy.
Metal allergy was tested before and 1 year after the
operation by patch testing, with the following: nickel
sulfate, 5% in petrolatum; cobalt chloride, 1% pet; potassium dichromate, 0.5% pet; molybdenum (metal), 5%
pet; copper sulfate, 2% pet; tin (metal), 50% pet; titanium
(metal), 10% pet; vanadium (metal), 5% pet; silver nitrate,
1% aqua; and palladium chloride, 2% pet. (Chemotechnique Diagnostics, Vellinge, Sweden). All patients were
tested according to the guidelines proposed by the Società

Table 1. Clinical characteristics of metal allergy and treatment of
patients (n = 100) undergoing orthopaedic surgery
No. of patients (%)
Sex
Female
Male
Positive (suggestive) clinical history for metal allergy
Total hip arthroplasty
Metal composition of implant
Acetabular cup/femoral stem
Co–Cr–Mo alloy
Ti–Al–V alloy
Co–Cr–Mo/Ti–Al–V alloys
Coupling (cup/femoral head):
Metal-on-metal
Ceramic-on-ceramic
Metal-on-polyethylene
Ceramic-on-polyethylene
Total knee arthroplasty
Metal composition of implant
Femoral/tibial component
Co–Cr–Mo/Ti–Al–V alloys
Ti–Al–V alloy
Co–Cr–Mo alloy

73 (73)
27 (27)
31(31)
48

10 (20)
14 (30)
24 (50)
12 (25)
7 (15)
7 (15)
22 (45)
52

33 (70)
9 (10)
10 (20)
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Italiana di Dermatologia Allergologica Professionale e
Ambientale (SIDAPA) and based on international guidelines (19, 20). Readings were made at day 4; an additional
reading was, in some cases, made at day 7. Of the total of
100 patients, 20 also underwent LTT-MELISA® to evaluate the memory lymphocyte response to the metal salts.
Blood samples for LTT-MELISA® testing were taken from
patients during the first medical investigation (before
orthopaedic intervention) and 1 year after treatment
(follow-up). The reactivity of lymphocytes to metals was
assessed by the uptake of tritiated thymidine, as described
previously (21–23). The increase in [3 H]thymidine incorporation into metal-treated cultures was expressed as a
stimulation index (SI), which is calculated as the isotope
uptake by lymphocytes in metal-treated cultures divided
by the mean isotope uptake in untreated control cultures.
Lymphocyte responses induced by metals were characterized by the maximal response obtained with each metal
salt. SI ≥3 indicated a positive response, and SI > 2 but
<3 indicated a weakly positive response. For morphological evaluation, aliquots were taken from 5-day cultures
indicating weakly positive or positive responses by isotope
incorporation, as well as from control cultures, and smears
were prepared in a cytocentrifuge (Thermo Electron Corporation, Marietta, OH, USA) and stained with a Diff
Quick® staining kit. The results were considered to be positive only if increased incorporation of [3 H]thymidine was
confirmed by the presence of lymphoblasts on cell smears.

Results
The results of the preoperative assessment are summarized in Tables 2 and 3. The percentage of candidates for
arthroplasty intervention with metal sensitivity was 23%.
Most of the tests were positive for nickel (21 patients), and
8 patients were positive for cobalt, 3 for palladium, 2 for
chromium, and 2 for molybdenum. In 16/100 patients,

Table 2. History and results of patch testing in preoperative
assessment

History

Patch tests

No. of patients
(n = 100)

Positive

Positive

18

Negative
Positive

Negative
Negative

66
13

Negative

Positive

3

No. of patients: allergens
7: Ni
6: Ni, Co
2: Ni, Pd
1: Ni, Cr
1: Ni, Co, Cr, Pd
1: Mo
—
MELISA® in 3 patients: 2
negative; 1 positive (Ni
SI = 3.5)
2: Ni
1: Ni, Co and MELISA®
(Ni SI = 6.3)

SI, stimulation index.

the findings from the medical history differed from the test
results. The results of patch tests and of the LTT-MELISA®
test 1 year after orthopaedic surgery are shown in Tables 4
and 5. Of the 72 patients who completed the study (17
men and 55 women), only 12 had undergone both patch
testing and LTT-MELISA®. The main reasons for withdrawal from the study were logistic or family problems,
and one patient died. The final analysis was conducted
on the remaining 72 patients: 16/72 (22%) were noted
to have metal sensitivity before surgery and 21/72 (29%)
after surgery.
The incidence of new cases of orthopaedic metal
sensitization was 6.5%.
Specifically, 5 patients who tested negative before
surgery changed to testing positive to at least one
metal present in their prosthesis material, as summarized
in Table 6. Patient 1 had experienced pain without
radiographic evidence of implant loosening. Patient 5,
who underwent both patch testing and LTT-MELISA®

Table 3. History-taking and results of patch and MELISA® testing on preoperative assessment

History

Patch tests

MELISA®

No. of patients
(%) (n = 20)

Positive

Positive

Positive

3 (15)

Negative
Positive

Negative
Positive

Negative
Negative

9 (45)
3 (15)

Positive
Negative
Positive
Negative

Negative
Negative
Negative
Positive

Positive
Positive
Negative
Positive

1 (5)
1 (5)
2 (10)
1 (5)

No. of patients: allergens
1: Ni, Co and MELISA® Ni SI = 12
1: Ni and MELISA® Ni SI = 3.9
1: Ni, Cr and MELISA® Ni SI = 7.1
—
2: Ni
1: Ni, Co, Pd, Cr
Ni SI = 3.5
Mo SI = 7.4
—
Ni, Co and MELISA® Ni SI = 6.3

SI, stimulation index.
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Table 4. Comparison between history-taking and patch testing
in preoperative and postoperative assessments at 1 year (n = 72
patients who completed the study)

History

No. of patients
No. of patients
Patch (%) before surgery (%) after surgery
tests
(n = 72)
(n = 72)

Positive

Positive

15 (21)

14 (19)

Negative Negative
Positive Negative
Negative Positive

50 (70)
6 (8)
1 (1)

46 (64)
7 (10)
5 (7)

from patch testing demonstrated that history-taking was
far less reliable (85.5% sensitivity; 83.5% specificity) than
patch testing for ascertaining metal sensitivity. Our results
are in accordance with other studies showing that the
validity of self-reported nickel allergy is low (24). The
LTT-MELISA® test for metal sensitivity seems to give
additional information, but the number of patients tested
was too small, and a much larger study is necessary to
answer the questions about the predictive value of this in
vitro test for metal sensitivity in the orthopaedic setting.
On preoperative assessment, 23% of our patients
showed metal sensitivity, nearly double the rate in
the general population (15). This difference most likely
results from the fact that 73% of the patients studied
were elderly women, in whom the percentage appears
to be higher (14). Most of our patients tested positive for
nickel (21%), followed, in descending order, by cobalt
(8%), palladium (3%), chromium (2%), and molybdenum
(2%). Positivity for cobalt, chromium and palladium was
always associated with a positive reaction to nickel,
probably because of cross-reactivity. Among patients who
completed the study, the percentage testing positive to
metals 1 year after surgery increased only from 22% to
29%, indicating a possible but not statistically significant
involvement of the implant in inducing sensitization
(p = 0.34). These findings are in accord with previous
studies reported by other investigators (17, 25, 26).
The 5 patients who developed post-intervention metal
sensitivity had been implanted with a prosthesis with at
least one component of Co–Cr–Mo alloy (Co 60%, Cr
30%, Mo 7%, Ni 1%, and Fe 1%), and 4 patients became
positive for nickel and one for cobalt. None of our patients
tested positive for titanium or vanadium, either before
or after the surgical procedure, but, as the frequency
of immunological sensitivity to titanium is low (9–11),
this might be attributable to the relatively low number

Comments
1 patient
who was
Ni-positive
converted
to negative
status
—
—
—

testing, had a positive history of metal sensitivity.
This 61-year-old woman had developed allergic contact
dermatitis from wearing earrings many years earlier, but,
in recent years, she had not experienced problems with
wearing metal jewellery. On preoperative assessment,
both patch testing and LTT-MELISA® were negative;
on postoperative examination, the patch test was still
negative but LTT-MELISA® showed positive reactions to
nickel (SI 3.5) and molybdenum (SI 12.7). To date, none
of the patients has developed cutaneous signs attributable
to metal sensitization, or experienced implant loosening
after total hip arthroplasty or total knee arthroplasty.

Discussion
The results of this study show that, in some patients, the
information obtained by taking a preoperative medical
history of metal sensitivity differed from the data obtained
by patch testing and in vitro LTT-MELISA® testing.
Comparison of the findings from history-taking and those

Table 5. Relationship between history-taking, patch testing and LTT-MELISA® in preoperative and postoperative assessments at 1 year
(N = 12 patients who completed the study)

History

Patch tests MELISA®

No. of patients before
surgery (n = 12)

No. of patients: allergens

No. of patients after
surgery (n = 12)

Positive

Positive

Positive

3

—

3

Negative
Positive

Negative
Positive

Negative
Negative

6
2

—
1: Ni, Co, Cr
1: Ni

5
2

Positive

Negative

Positive

0

—

1

Positive
Negative

Negative
Negative

Negative
Positive

1
0

—
—

0
1

No. of patients: allergens
1: MELISA® Ni SI = 3.9 before,
then negative after surgery
—
1: MELISA® negative before,
then Ni SI = 7.2
1: remained negative on
MELISA®
1: MELISA® Ni SI = 3.5, Mo
SI = 12.7
—
1: MELISA® Ni SI = 3.3

SI, stimulation index.
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Table 6. Characteristics of 5 patients becoming positive to tests after surgery

History

Patch test
before surgery

MELISA®
before surgery

1. M.B./70

Negative

Negative

—

2. M.M./71

Negative

Negative

—

3. MA.R./70

Negative

Negative

—

4. B.P./56

Negative

Negative

—

5. MG.R/61

Positive

Negative

Negative

Patients/age
(years)

Type and materials of implant
Total knee arthroplasty:
Femoral: Co–Cr–Mo alloy
Tibial: Co–Cr–Mo alloy
Total hip arthroplasty:
Stem: Ti–Al–V alloy
Cup: Co–Cr–Mo alloy
Coupling: metal on
polyethylene
Total knee arthroplasty:
Femoral: Co–Cr–Mo alloy
Tibial: Ti–Al–V alloy
Total hip arthroplasty:
Stem: Co–Cr–Mo alloy
Cup: Co–Cr–Mo alloy
Coupling: metal on metal
Total hip arthroplasty:
Stem: Ti–Al–V alloy
Cup: Co–Cr–Mo alloy
Coupling: metal on metal

Patch test after
surgery

MELISA® after surgery

Ni ++

—

Co ++

—

Ni ++

—

Ni ++

—

Negative

Ni (SI = 3.5)
Mo (SI = 12.71)

SI, stimulation index.
Couplings on metal are Co–Cr–Mo alloy.

of patients studied. Sensitization to implant materials is
an unpredictable event, and is usually recognized by
cutaneous manifestations. The first report dates back
to 1966 (27), and this was followed by a number of
case reports describing localized forms involving the skin
over the implant (eczema and pruritus) and generalized
forms (widespread pruritus, eczema, urticaria, and
vasculitis) (28–30). Thus, it can be concluded from the
published data that, despite the higher prevalence of metal
sensitization after prosthesis implantation, symptoms
presenting as cutaneous complications are relatively
rare. This has also been confirmed in our patient group,
where none of the patients studied exhibited cutaneous
manifestations. Cell-mediated hypersensitivity appears
to play a key role in influencing implant performance.
Although not all authors agree with this view (31), data
from various studies have underlined its importance in
the onset or acceleration of events that lead to implant
failure (16–18). A local immune response may induce
or accelerate inflammatory processes involved in implant
failure. Sensitization to at least one metal component of
an implant, as well as a clinical history of allergic contact
dermatitis caused by metals, seems to have a negative
impact on implant lifespan.
For example, although a total hip arthroplasty prosthesis usually has a mean lifespan of about 120 months,
the implant lifespan is reduced to 78 months in patients
testing positive and/or with a history of allergic contact
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dermatitis caused by metals(18). A shorter implant lifespan of a total hip arthroplasty prosthesis in patients
with metal allergy emphasizes the relevant role of metalinduced delayed-type hypersensitivity in implant failure.
The debate is still open on which type of test (in vivo or in
vitro) is better able to detect sensitization to orthopaedic
implant metals. The frequency of positive patch test reactions reported by Granchi et al. (25) was similar to that
obtained with in vitro LTT testing by Hallab et al. (32).
Owing to funding limitations, we were able to perform
both tests on only 20 patients, and only 12 patients completed the study. Therefore, comparison of those two test
methods has to be the subject of future studies. Patch testing has certain advantages over in vitro testing: it is less
expensive and there is no need for specialist laboratory
services, although it requires skilled and trained personnel. For clinical purposes, this makes patch testing more
suited for preoperative screening of candidates for prosthesis implantation. Unfortunately, the in vivo application
of nickel might potentiate nickel-specific allergy in already
sensitized individuals, and thus might be contraindicated
in certain subgroups. Furthermore, patch testing might
be less suitable for titanium allergy, as titanium dioxide
salts and the titanium metal used in this study are not
soluble, and are therefore not able to penetrate the skin
under the conditions of patch testing (23).
In vitro testing might be more sensitive in this respect,
as demonstrated by several authors (9, 11, 23). For
example, Müller et al. (11) reported on 56 patients who
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developed health problems after receiving titanium-based
implants. In the LTT-MELISA® test, more that half
responded with increased proliferation in response to titanium dioxide, although they were all patch test-negative.
Clinical symptoms disappeared or improved rapidly after
implant replacement. We would also like to point out that
the use of different metal preparations in patch testing and
in vitro LTT testing makes comparison of the two methods
difficult. For example, in this study, molybdenum, vanadium and titanium were used in the form of metals in patch
testing, whereas metal salts were used for LTT testing. In
the absence of any data on the actual release of metal ions
under the conditions of patch testing, it is difficult to draw
any conclusions about the clinical relevance of such testing. In vitro LTT uses metals in the form of water-soluble
salts, with the exception of titanium dioxide, which is
water-insoluble. Nevertheless, titanium dioxide particles
are engulfed by monocytes and macrophages, and are
thus clearly accessible to immunocompetent cells (22).

Although complications in metal-allergic patients
appear to be generally rare (31), implantation of a prosthesis containing metals to which the patient is sensitized
(perhaps resulting from a prior implant) could trigger
early events leading to implant failure or a shorter implant
lifespan, as also recently described by Summer et al. (33).
In light of these considerations, and based on our
results, despite some important limitations of our study,
such as small sample size and a short-term follow-up
period, we believe that testing both with in vivo and in
vitro methods should be performed in the planning phase
of arthroplasty interventions, as it allows the surgeon to
select the best prosthesis for the patient.
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