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Implant allergy

Osteosynthesis materials or artificial
joint replacement make part of clinical rou-
tine. In case of complaints mostly mechani-
cal causes or infections are found. Metals
like nickel, chromium and cobalt or bone
cement components like acrylates and gen-
tamicine may however potentially cause
intolerance reactions to implants. Corre-
spondingly, eczema, delayed wound/bone
healing, recurrent effusion, pain or implant
loosening have been described as manifes-
tation of implant allergy. In contrast to the
high incidence of cutaneous metal allergy,
allergies associated with implants are rare.
Diagnosis of metal implant allergy is based
on excluding differential diagnoses — in par-
ticular infection — and on a combined ap-
proach of allergological diagnostics by patch
test and histopathology of periimplant tissue.
Risk factors for allergic sensitization to im-
plants or triggering periimplant allergic re-
actions in the case of preexisting cutaneous
metal allergy are unknown. Despite the risk
of developing complications being unclear,
titanium-based osteosynthesis materials are
recommended for metal-allergic patients and
the use of metal-metal couplings in arthro-
plasty is rather not recommended for such
patients. If a regular, potentially applicable
CoCr-polyethylene articulation is preferred,
the patient has to be well informed and has to
give his written consent.

Introduction

Osteosynthesis materials and artificial
joint replacements — especially artificial hip
and knee joints — are implanted more than
300,000 times per year in Germany alone.
In case of complications mostly mechanical
causes or infections are suspected [18].

Corrosion and abrasive particles lead to
the release of metal. In this context nickel,
chromium and cobalt as well as, occasion-
ally, bone cement components have been
described to induce implant allergy [38]. In-
creased rates of metal allergy (nickel, chro-
mium and/or cobalt) have been reported in
patients with old-generation (1975 — 1990)
hip arthroplasty and metal-on-metal cou-
plings, e.g., in metal-on-metal couplings of
McKee-Farrar arthroplasty or in metal-on-
plastic couplings (Charnley arthroplastic)
[3]. A study published in 2005 [19] com-
pared patients with hip athroplasty (ceramic,
metal-on-plastic, metal-on-metal) of which
53 patients had stable and 104 had loosened
hip replacements. The study demonstrated
that allergies to metal or bone cement were
not directly associated with implant failure,
but with a worse 10-year implant survival
rate (41.3% vs. 50.5%). Osteosynthesis us-
ing stainless steel can trigger eczemas and
impede wound healing in nickel-allergic pa-
tients [4]. Of 239 patients with complaints
due to metal replacements 29.7% had metal
allergy: 21.3% of patients to nickel, 10.9% to
cobalt and 5% to chromium (some patients
were sensitized to more than one of these al-
lergens) [13]. The relevance of contact aller-
gies to metals or bone cement components as
a potential cause of complications of endo-
prosthetic devices remains to be clarified. We
report on a patient collective with complica-
tions of cemented knee/hip joint replace-
ments in which a high rate of contact allergy
to potential bone cement components, par-
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ticularly gentamicine, was present [38]. For
evaluation we initiated a control test study
in complication-free endoprosthesis patients
[12]. It is definitely possible that despite a
cutaneous metal allergy, the same metals,
when introduced into the body, are tolerated
without any adverse reaction — as for exam-
ple reported by Carlsson et al. [6, 7]. Neither
Rooker and Wilkinson [34] nor Duchna et al.
[11] found increased rates of metal allergy af-
ter implantation of metal replacements. Also
studies by Rau and Thomson [31] as well as
by Thyssen et al. [41] show that presumably
only few patients with cutaneous contact al-
lergy (to metals) develop complications after
receiving metal endoprostheses.

These controversial data show that a
positive patch test to metal(s) is of only lim-
ited prognostic value for suspected periim-
plant hypersensitivity reactions [32]. Very
few patients with endoprosthesis failure — in
particularly when metal-on-metal replace-
ments were used — do not show the usually
detectable particle-associated foreign body
reactions in the periimplant tissue, but lym-
phocytic infiltrates instead. The combination
of lymphohistiocytic infiltrates, loosening of
the implant, partial formation of effusions
and the extensive lack of giant cell foreign
body reaction was interpreted as local hyper-
sensitivity reaction by Willert et al. [43, 44],
Davies et al. [9] and Baur et al. [2]. Our own
investigation on patients with revised metal-
on-metal replacements and periimplant lym-
phocytic inflammation demonstrated a high
coincidence with cutaneous contact allergy
and metal-specific T-cell hyperreactivity in
vitro [36].

Implant material

Mostly CoCr- and titanium alloys are
used. The allergologically irrelevant poly-
ethylene or ceramic materials will not be dis-
cussed here. For osteosynthesis steel-based
and, more and more frequently, also titani-
um-based material is used. Bone cements are
mostly acrylate-based.

CoCr alloys (mostly used as
basic material for endoprosthetic
devices)

They mainly consist of cobalt. The com-
position (weight proportion) is usually ~
64% cobalt, 28% chromium, 6% molybde-
num and ~ 0.5% nickel [22, 40]. The nickel
content can be as much as ~ 1%. If necessary,
more specific details about the actually used
alloy can provide further information on the
proportions of substances released from the
alloys. The weight proportion does not, how-
ever, reflect exactly the percentage of these
metals released by corrosion or via abrasive
particles.

Chromium-nickel steels (mostly
used as basic material for
osteosynthetic devices)

The main component is iron. In addition,
they contain ~ 18% chromium, up to 33% of
nickel and ~ 3% molybdenum. Grade 316L
stainless steel is only rarely used nowadays.
They are more frequently used in steel wires
(“Kirschner wires”, cerclage wires).

Titanium alloys

The largest component is titanium (at
least 87 wt%) with either 6% aluminum and
4% vanadium or 6% aluminum and 7% nio-
bium. So-called b-titanium alloys have an-
other composition. The “TMZF” alloy, for
example, contains molybdenum (12%), zir-
conium (6%) and iron (2%). Acetabular cups
and so-called pure titanium (> 99%) implant
material is used. Minimal nickel impurities
are possible and are between ~ 0.012 and
0.034 wt% [35]. A contamination with nickel
during the manufacturing process and due to
surgical instruments used for implantation
might be possible.

Bone cements

For the production of acrylate-based bone
cements a methyl methacrylate-containing
solution is mixed with a powdery compo-
nent. The latter already contains polymerized
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poly(methyl methacrylate) (PMMA) “pel-
lets”. To control the polymerization reac-
tion the following additives are used: diben-
zoyl peroxide, N,N-Dimethyl-p-toluidine or
2-[4-(Dimethylamino)phenyl]ethanol. Fur-
thermore, contrast agents, stabilizers, dyes
(like chlorophyllin-copper complex) and
mostly also antibiotics like gentamicine are
added. The composition varies depending on
the manufacturer.

Modified implant materials for
patients with metal allergies

For patients with metal allergies there are
implants [1] made of titanium alloys or bear-
ing surfaces that have
— a l- or 2-layer coating in order to reduce

the release of metal ions,

— a multilayer coating in order to reduce
the release of metal ions,

— an oxinium-based surface hardening/ce-
ramization.

Long-term observational studies are nec-
essary to evaluate the stability and effective-
ness of the various alternative coating mate-
rials. This includes tests on the durability of
the intact coating and on the potential danger
of the spalling of coating particles that are
very hard and can result in a shortened im-
plant survival rate due to “third-body wear”.

Metal implant allergy - clinical
pictures

Skin reactions

Skin symptoms in association with metal
implants and metal allergy have been de-
scribed as local eczemas, relapsing erysip-
elas-like livid redness and swelling as well
as delayed wound healing [26]. Eczemas
were mainly observed after (plate) osteo-
synthesis in the extremities in patients with
nickel, chromium or cobalt allergy [4, 8,
14, 24]. Figure 1 shows a local eczema af-
ter osteosynthesis of an ankle fracture in a
patient with nickel allergy. In patients with
sternotomy and nickel allergy eczemas were
reported even after steel wire cerclage [21].

Figure 1.

Eczema after osteosynthesis.

The persistent redness, pruritus and big toe
swelling in a nickel-allergic patient receiving
corrective osteotomy with Kirschner wires is
another example for osteosynthesis-associ-
ated skin reaction [16]. There are also case
reports on metal-allergic patients develop-
ing corrosion-dependent eczemas over metal
fragments that remained close to the skin
[37]. In rare cases eczemas can also occur
over artificial knees and hips [30, 39]. Skin
hemorrhages in the form of vasculitis or ur-
ticaria are even rarer [29]. There are also re-
ports on fistula formation due to intolerance
to bone cement [33, 42].

Further clinical manifestations

Further clinical manifestations include
impaired wound and fracture healing as well
as, particularly in knee replacements, relaps-
ing pain, loss of motion and effusions with-
out prove for infection but with co-existing
metal allergy [13]. Also in the case of hip re-
placements — especially for metal-on-metal
couplings — relapsing pain and/or implant
loosening without other causes have been
described. In the synopsis of metal allergy
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Figure 2. Flow chart for diagnostic work-up (mod-
ified according to Thomas and Thomsen, 2008).

and lymphocytic inflammation such cases
were interpreted as metal implant allergy [9,
20, 36, 44]. Under some circumstances the
involvement of allergy-related symptoms
is being discussed: some cases with aseptic
implant loosening and osteolysis around the
implant [27]; patients developing persistent
groin/hip pain and cystic pseudotumors after
arthroplasty with metal-on-metal couplings
[28]; patients with loss of motion in the re-
placed joint with the clinical picture of ar-
throfibrosis [25].

Diagnostic work-up when
implant intolerance is
suspected

Figure 2 shows a possible algorithm for
diagnostic work-up. Before the allergologic
diagnostic ~ work-up  orthopedic-surgical
examinations have to be carried out to ex-
clude differential diagnoses — particularly
(low-grade) infection [39]. Reports on ear-
lier complications associated with metal
implants that were suspected to be allergy-
related or an intolerance to acrylate-based
materials, like dental plastic, can provide
useful information for the allergologic his-
tory. Furthermore, in the case of “eczemas”
near the implant other allergy sources (dis-
infectants, skin care products) and potential
cutaneous conditions (tinea) have to be ex-
cluded. It is always necessary to scrutinize
positive patch test results regarding their
clinical relevance. The histopathology of the
periimplant tissue can be an additional diag-
nostic step. The lymphocyte transformation
test (LTT) can indicate sensitization to met-
als (which has mainly been shown for nickel
[15]), but does not allow conclusions regard-
ing a pathogenic hypersensitivity.

Patch testing

Nickel, chromium or cobalt test prepara-
tions are included in the standard test series.
For the diagnosis of contact allergy to other
alloy metals no sufficiently tested prepara-
tions are available. We do not recommend
testing with “alloy platelets”.

For the testing with bone cement compo-
nents acrylates and additives like gentami-
cine, for which also periimplant exposure of
the patient is possible, can be used. In order
to assess the reaction to gentamicine we also
carry out late-readings after 7 days because
late-type reactions have been observed sev-
eral times.

In their comment on allergologic diagno-
sis in cases of suspected implant intolerance
the Deutsche Kontaktallergiegesellschaft
(German Contact Allergy Society) pointed
out [17] that the diagnostic work-up in these
cases is an object of allergologic research,
and as such far from any standardization.
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Periimplant tissue should be fixed in
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Summary

Diagnosis of metal implant allergy
should always be made in consideration of
clinical findings (especially after orthopedic
differential diagnoses have been excluded),
results of patch testing and periimplant his-
topathology. This means that only in the syn-
opsis of several diagnostic steps and findings
the symptoms can be interpreted as allergic
reaction and the patch test result is accord-
ingly only partially applicable to periimplant
tissue. At least, there is increasing interest in
“implant allergy” and cases have been report-
ed in which the patients were symptom-free
after the diagnosis of metal implant allergy
had been made and alternative materials had
been used [10, 23]. Interdisciplinary cooper-
ation will be necessary in order to be able to
re-formulate the recommendations published
in 2008, and co-authored by P. Thomas [39],
more precisely on the basis of better data.
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