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TOPICAL REVIEW

Metal sensitivities and orthopaedic implants revisited: the
potential for metal allergy with the new metal-on-metal joint
prostheses
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Summary The potential of metal-containing orthopaedic prostheses to induce problems through metal allergy
taxes dermatologists and orthopaedic surgeons alike. Metal-on-plastic joint replacements are not
thought to induce metal allergy but wear products, principally polypropylene particles, produce a
foreign body reaction in bone and may lead to aseptic loosening of the joint. Orthopaedic surgeons
are increasingly using metal-on-metal joint replacements, particularly for younger patients, as
some evidence suggests that there is less wear debris and hence less aseptic loosening. The original
metal-on-metal hip joints of the 1960s were associated with sensitivities to cobalt, nickel and
chromate when loosening occurred. The potential for modern metal-on-metal joint prostheses, with
their lower production of wear debris, to sensitize the recipient to metals or to induce a problem in
subjects already allergic to metals, is unclear. One uncontrolled series suggested an association
between nickel allergy and prosthesis loosening in some subjects, but the question has yet to be
addressed in a prospective study and to date there is no other observation in the orthopaedic
literature to suggest a problem.

Key words: aseptic loosening, chromate, cobalt, joint replacement, nickel allergy, orthopaedic
surgery, polypropylene, prostheses

RIStatic metal implants for fractures, for example the AO
system, were introduced in the 1950s. The first
prosthetic joint was the replacement hip pioneered by

Early metal-on-metal prosthetic hips and
metal sensitization

Charnley and first used in 1962. The initial prostheses
were metal-on-metal and there was high frictional
wear that produced particulate deposition in the tissues
around the joint. At first, Vitallium (chrome, cobalt,
molybdenum with a trace of nickel) was used; later,
stainless steel was employed. Frictional wear resulted in
loosening of the joint in about a quarter of cases. There
was release of nickel, chromium and cobalt ions into
the joint and tissues.

Correspondence: David Gawkrodger. E-mail: david.Gawkrodger@
zsth.nhs.uk

© 2003 British Association of Dermatologists

With the early metal-on-metal joints, postoperative
patch testing in one series demonstrated that 28% of
subjects were metal allergic.” Among subjects who had
loosening of the prosthetic joint, the prevalence of
metal allergy demonstrated by patch testing was raised,
although it varied between studies, with quoted figures
of 74%,> 46%> and 13%.* The commonest allergen
was cobalt followed by nickel then chromate.

The implication is that either the sensitization played a
part in the failure of the prosthesis or that the loosening
resulted in release of metal ions that induced the metal
allergy. Either or both explanations are possible and it is
unfortunate that the answer to this question is still
unclear as it is of considerable importance to under-
standing the mechanism of loosening and for giving
appropriate advice for patients with metal allergies.
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Metals used in orthopaedics

Several metal alloys are used in orthopaedics. Vitallium
is composed of cobalt 70%, chromium 25-30% and
molybdenum 5-7%, with a trace of nickel. The alloys of
cobalt—-chromium—tungsten—nickel and cobalt—chro-
mium-molybdenum contain 9-11% and 2% nickel,
respectively. Austenitic stainless steel is a commonly
used alloy and contains nickel 8:5-14% (up to 35%),
chromium 17-20%, molybdenum 2-3%, with man-
ganese and less than 1% carbon, nitrogen, silicon,
sulphur, phosphorus and niobium. When titanium is
used for an orthopaedic prosthesis, sometimes the pure
metal is employed but aluminium (6%) or vanadium
(4%) can be added to improve the tensile properties.

Composition of prosthetic hips

Hip replacements with a metal femoral component and
a plastic acetabular part were introduced in the 1960s
following the problems experienced with the original
hips and have continued to be employed up to the
present day. Current metal-on-plastic hips consist of an
austenitic stainless steel femoral shaft and head with a
high molecular weight polyethylene acetabular cup.
The prosthesis is cemented using methyl methacrylate
bone cement in more elderly patients but in younger
patients porous coated implants are used that do not
require cementing, although these have a higher risk of
loosening. Prostheses with ceramic or carbon fibre
acetabular cups or heads are available. Trochanteric
restriction wires are sometimes used; these may have a
nickel content of 14% and may be more likely to release
nickel than the stainless steel of the prosthesis.

Complications of hip replacement

The short-term problems of hip replacement are dislo-
cation, sciatic nerve damage and infection. The longer-
term complications are mechanical failure due to aseptic
loosening, a weak bone—prosthesis bond and wear
product deposition. Particle shedding results from abra-
sion between the high molecular weight polyethylene
cup and the metal femoral ball: a width of 0-2 mm per
year can be lost from the polyethylene surface.> Abraded
wear particles give rise to a foreign body reaction in the
adjacent bone, leading to osteolysis which after a few
years can result in aseptic loosening of the prosthesis.
A patient whose prosthesis is loosening may complain
of pain on walking and rotation of the leg. There may be

radiolucency around the prosthesis on X-ray and biopsy
of the adjacent joint can show a foreign body reaction to
the detached polyethylene or metal wear particles (even
when there is no suggestion of allergy).

Cutaneous reactions to orthopaedic implants

High sulphur (0-3%) stainless steel AISI 303 can
release sufficient nickel (1:5 pg cm™? per week) to
induce dermatitis in some nickel-sensitive subjects.®”
Low sulphur (0-03%) stainless steel does not induce
dermatitis in nickel-allergic subjects (nickel release
0-03 pg ecm™ per week) and should be used for
orthopaedic implants.

There is one prospective study of 48 subjects who
were patch tested before and 1 year after receiving a
static orthopaedic implant of stainless steel for extrem-
ity fractures.® The authors showed no problems in the
three nickel-allergic subjects (they were still nickel-
sensitive 12 months later) and no development of
metal allergy in the other 45. Despite this, the
development of a localized eczema over a static metal
prosthesis, e.g. a tibial plate, or over screws or a hip
joint, is well described although uncommon.’'!
Occasionally a generalized eczematous or urticarial
reaction is observed.'?13

In a study of 18 subjects followed for a mean of
6 years who had received a joint replacement (or static
implant) containing a metal to which they were known
to be allergic by patch testing, mechanical failure
occurred in two, ‘new’ eczema after surgery was seen in
three, eczema disappeared in three and existing der-
matitis remained constant in seven.'* Proof of any
association in instances of persisting eczema is provided
by demonstrating that patch tests are positive and
observing the clearance of the eruption if the prosthesis
is removed.

Studies of sensitization after or before and
after hip replacement

There have been few prospective studies of metal
allergies before and after joint replacement. Studies
using patch tests to define metal allergy have shown
sensitization rates after hip replacement to be low and
not to be associated with failure of the prosthesis nor
the development of eczema over the times of study
(generally only a year or two). Metal sensitization was
induced in three (one nickel, two cobalt) of 112,
eight (two nickel, five cobalt, one chromate) of 85'°
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and four (three nickel, one cobalt) of 66.* A large study
from the Cleveland Clinic looking at cutaneous reac-
tions among 1400 patients receiving joint replace-
ments and 200 undergoing internal fixation revealed
six subjects in whom there was a transient exanthem
(one was patch test positive to nickel) and 13 who had
persistent eczema, of whom two were positive to a
metal on patch testing.!” Three subjects had loosening
of their prosthesis over the period of the study and all
were negative on patch testing.

There are only three studies in which patch testing
was performed before and after metal-on-plastic hip
replacement. The first showed that the number of
patients reacting in patch tests afterwards was lower
than before: one persisted in being positive to nickel
and cobalt, and five of 69 subjects patch tested, who
had previously been positive to nickel, cobalt or
chromium, became negative.'® This suggests that the
process of insertion of a prosthesis may actually induce
immunological tolerance. No subject had loosening,
although the follow-up period of 7 months was quite
short. The second report of 85 cases describes loosening
in 10 (mean follow-up 17 months), none of whom was
metal-allergic on patch testing, although there were
nine cases of possible sensitization by prosthesis (four
cobalt, two methyl methacrylate, one nickel, one nickel
and cobalt, one chromium) without any reported
cutaneous reaction.'®

In the third study, of 128 subjects undergoing hip
replacement, 12 were positive to a metal before
replacement (only six were positive afterwards, none
of whom had eczema or loosening), and 20 were
positive to a metal afterwards on patch testing, of
whom three had eczema and one had loosening.'® Of
those with negative patch tests postreplacement, five
had loosening. The conclusion was that induction of
metal allergy was observed but was uncommon.

Overall experience with metal-on-plastic hip
replacement

The overall experience with metal-on-plastic hips
suggests that skin reaction and joint loosening are
uncommon in known nickel-allergic subjects who
receive a hip replacement®® and that, unlike in the
original metal-on-metal hips, metal allergy is not a
common accompaniment or cause of prosthesis failure.
Indeed, the wuse, without cutaneous problems or
loosening, of stainless steel metal-on-plastic hip pros-
theses when pre-existing nickel or other metal allergy is
known, is well described.!>!*1¢18:19 However, in the

light of the occasionally reported case, it might be wise
to advise caution for patients known to be nickel-
allergic preoperatively, and to suggest the use of a hip
that will release the lowest amount of nickel while
providing appropriate function, especially as a failure
rate of 10% or more can be expected anyway.

Problems with replacements of other joints

Knee replacement is, after hip, the next most common
prosthesis insertion. The knee replacements currently
used have a titanium alloy femoral surface and an
ultra-high molecular weight polyethylene patellar and
tibial surface. Failure of the prosthesis, e.g. of the
patellar component, is associated with an increase in
the titanium, nickel, cobalt and chromium content of
the synovial fluid and with an increase in serum levels
of titanium.?!*? Although increased levels of metal
ions in the joint might theoretically predispose to
induction of allergy, there are no reports of rashes or of
metal allergy being associated with failure of a knee
prosthesis. The failed prosthesis shows osteolysis of the
surrounding bone on X-ray and deposition of titanium,
cobalt, chromium and polyethylene in the synovium
with a foreign body reaction on histology.?>™2°

New metal-on-metal hip replacements

Metal-on-metal hips, typically with a cobalt alloy
femoral stem and a titanium acetabular cup, were
reintroduced in the 1980s. They have the advantage of
producing less abrasive wear than metal-on-plastic
prostheses, namely a depth loss of 0-1-10 pm per year
for the ball and 0-2-6 pm per year for the cup.’ The
metal particles produced are smaller than the polyethy-
lene ones from plastic-on-metal prostheses and are said
to induce less tissue reaction and, hence, less osteo-
lysis.> These hips are most appropriate for younger
subjects in whom they are inserted without cement.
None the less, even in a normally functioning metal-
on-metal hip there is some systemic release of metal as
serum levels of cobalt, titanium and chromium are
increased (the latter two on average threefold and
fivefold higher, respectively) 3 years after insertion.?®?”

Outcomes after metal-on-metal hip
replacement

The general outcome studies on metal-on-metal hips so
far reported have shown mostly good results. One study
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revealed that at 6 months to 4 years, 70 of 74 subjects
had a good or excellent result and there was no
loosening or osteolysis.?® Another report of 78 cases at
5-year follow-up revealed no ‘metallosis’ in three
patients who required further surgery (one for late
infection and two for ectopic ossification), and no
excess of problems,” whereas an earlier investigation,
of 154 subjects over 5-12 years of follow-up, found
that revision because of loosening was needed in 15,
with four having ‘gross metal reaction’.?’

There is just one follow-up study that has looked at
the problem of metal sensitivities and prosthesis failure
in patients receiving metal-on-metal hip replace-
ments.’? Over a period of 5 years (to 2001) in an
orthopaedic unit, metal-on-metal hip replacements
were performed in 200 patients of whom five had
prosthesis failure due to loosening. These subijects,
together with 18 randomly selected patients from the
series (who did not have loosening), were patch tested
to nickel, cobalt and chromate using TRUE test
(Pharmacia, Uppsala, Sweden). Three of the five who
had loosening were positive on patch testing, all to
nickel, compared with three who were patch test
positive to metals among the 18 controls. This study
raises the possibility of an association of metal allergy
with failed metal-on-metal hip prosthesis, but the
numbers are too small and it was not sufficiently
controlled to allow any definite conclusion to be drawn.
A prospective study with patch testing before and after
joint replacement, and correlation of the results to
prosthesis failure, is required.

Conclusions and the need for further study

Experience from the 1960s and early 1970s with the
early metal-on-metal hips indicates that sensitization
did occur with the metal-on-metal prostheses used at
that time. The studies in the 1970s and 1980s on
subjects receiving the metal-on-plastic hips suggested
that these joint replacements could be used in patients
with known sensitivities to metals and even that
immunological tolerance to metals actually might be
induced by the introduction of these prostheses. At the
present time, metal-on-metal joint replacements are
being used by orthopaedic surgeons in patients who are
younger than average and who may well require
further surgery in the future.

The follow-up studies on metal-to-metal replacement
hip joints conducted so far report, at worst, a loosening
rate of about 10%, but have not commented on
whether cutaneous reactions are observed. Similarly,

the question of sensitization to metals and how this
might relate to the observed loosening has not been
formally assessed. The potential immunological conse-
quence of the presence of the new metal-on-metal
implants needs to be defined and related to any failure
of the prosthesis. Until these questions are specifically
examined it is not possible to be confident that there is
no problem with regard to sensitization to metals just
because no such cases have been reported to date. It
may well be that there is no cause for concern, but past
experience suggests that this needs to be demonstrated
rather than assumed.
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