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Abstract
Purpose We evaluated the risk of hypersensitivity to metals in
a population of consecutive subjects undergoing a total knee
arthroplasty (TKA).We also proposed a diagnostic pathway to
address any sensitivity to metals. We finally presented the
mid-term outcomes of a full non allergenic knee implant.
Methods We developed a protocol based on the medical his-
tory, patch testing, and on specific laboratory assays, in order
to assess a sensitization to metals. Twenty-four patients (25
knees) with referred or suspected allergy to metals were found
in more than 1,000 treated patients, with a mean age of 72.9
years. We proceeded to a radiologic study, a clinical evalua-
tion by the visual analogic scale (VAS), and Knee Society
rating system (KSS). In all cases a full anallergic cemented
implant with an oxidized zirconium femoral component and
an all-polyethylene tibial baseplate was chosen.
Results Four (16.6%) of the 24 patients were considered to be
hypersensitive to metals. The mean follow-up was 79.2
months. No patient reported any reaction related to hypersen-
sitivity or complications after TKA. The VAS improved from
a mean preoperative value of 7.2 to 1.8 postoperatively; the
KSS and the functional score increased from 38 to 91 points
and from 39 to 88 points, respectively.
Conclusions We consider careful research of medical history
for metals hypersensitivity crucial, and we perform patch
testing and lab assays in case of doubtful sensitization. The

choice of a modern hypoallergenic implant may prevent any
kind of potential reactions.
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Introduction

Hypersensitivity to orthopaedic implants is still a matter of
controversy. Sensitivity to metals is very common, particular-
ly to nickel, which is common in several objects and sub-
stances of daily and working life; the prevalence seems now to
exceed the 10% of the general population previously reported
[1–3]. The clinical expression of this phenomenon typically
includes local effects such as dermatitis, rash, erythema and
rhinitis; rarely, general complications such as itching or asth-
ma may occur [4–6]. Local articular events, such as persistent
pain and swelling, and bone necrosis may also be induced as
direct damage of the sensitivity to metals in patients after a
joint replacement [4, 7–10]. Moreover, an early failure of an
orthopaedic implant may occur related to the indirect activa-
tion of macrophages by metal ions released after contact with
host fluids [4, 11]. This phenomenon was recently termed
“aseptic lymphocyte-dominated vasculitis-associated lesion”
(ALDVAL) by Willert et. al, and proposed as suggestive but
not pathognomonic of an altered response to metals [12, 13].
During recent decades, several reports addressed the reactions
to different orthopaedic implants, with a delayed-type 4 hy-
persensitivity pattern, sometimes persisting also after their
removal [14]. On the other hand, no responses were reported
in patients with known hypersensitivity to metals after a
standard joint replacement with a low nickel content [15].

Given the increase of the number of total knee
arthroplasties (TKAs) during recent years [16, 17], we would
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expect a corresponding rise of the cases of hypersensitivity to
metal implants, which is still negligible [15, 18]. On the other
hand, modern implants are made of alloys with less nickel
content in contrast to past decades [18]. Nonetheless, many
designs are now available with high-performance hypoaller-
genic materials. Few systems however present the features of
a “full” non allergenic implant; they are characterized by an
oxidized zirconium femoral component articulating with an
all-polyethylene tibial component, implants with zirconium
nitride femoral and tibial components, and systems with a
ceramic femoral component. Encouraging outcomes compa-
rable with standard Cr-Co alloys implants have been reported
with a short to mid-term follow-up [19–22].

The currently available, most simple and reproducible test
to detect a sensitivity tometals is patch testing. However, there
is still debate on its predictive value, how its results may
correspond to the response of the articular synovial tissue in
contact with a metallic implant [3], and regarding the avail-
ability of appropriate challenge agents [23]. Several laboratory
assays have been proposed over the years. The lymphocyte
transformation testing (LTT) consists of a study of the prolif-
eration of lymphocytes (obtained by a peripheral blood har-
vest) after contact with different metallic substances [23, 24].
The enzyme-linked immunosorbent assay (ELISA) allows
study of the cytokines expression in supernatants produced
by lymphocytes cultures [8, 23]. Confocal microscopy con-
sists of the visualization of specific receptors (CD3, CD4) by
fluorescent antibodies in a population of activated T-cells [25].
Migration inhibition assays measure the migration inhibition
response of activated lymphocytes located in chambers sepa-
rated by a membrane, through which cells previously incubat-
ed with radioactive [3H]-thymidine could pass only by an
active migration [23].

The main purpose of the present study is the analysis of the
outcomes of a full non allergenic implant at a mid-term
follow-up. Further aims are the evaluation of the risk of
hypersensitivity to metals in a population of consecutive sub-
jects undergoing TKA at a single institution, and the results of
the diagnostic pathways to address an actual risk or status of
sensitivity to metals.

Patients and methods

Twenty-four patients (25 knees) with referred or suspect allergy
to metals, or familiarity for hypersensitivity, were treated with a
Genesis II® (Smith & Nephew, Warsaw, IN) with Oxinium®
femoral and All-Poly® tibial components. Oxinium is a well-
known material, consisting in a nickel-free metal alloy with an
oxide layer conferring bearing properties of the ceramicwithout
the fracture risk related to brittleness [26–28]. The tibial com-
ponent was made entirely of polyethylene (PE) without metal-
back; several papers during the last decades reported satisfac-
tory results of all-polyethylene components in terms of
tribologic behaviour and survivorship [29–32]. All the im-
plants, available as cruciate retaining (CR) or posterior stabi-
lized (PS) were cemented (Fig. 1).

These patients were found in a series of 1,007 TKAs in 915
consecutive patients affected by knee arthritis at the authors’
institution, from June 2002 to January 2008, and representing
2.6 % of the group.

Seventeen were female subjects. The mean age was 72.9
(range, 54–86). One patient had a bilateral involvement. For
all the other subjects, we proceeded to a radiologic study
(standing X-rays, lateral and patellar views) via a pain and
clinical evaluation with the visual analogic scale (VAS) and
Knee Society rating system (KSS), respectively.

Since our early interest in hypersensitivity to metals, we
proposed to all 1,007 patients a specific questionnaire to find
any state of intolerance to metal ions. The medical history was
focused on previous contacts with any substances for profes-
sional or hobby-related activities, and familiarity for immuno-
logical diseases. Attention was paid to any allergy to drugs,
comorbidities, and related medical therapies.

In patients with a positive medical history, after adequate
information and written consent, we suggested patch testing;
we thus developed a protocol based on the medical history and
patch testing. The patch testing was conducted to evaluate any
reactivity to metals by an adhesive patch loaded with known
concentrations of specific allergens as reported in Table 1, and
compared with Vaseline. After 48 hours, the first inspection
was done to assess any skin reaction, or to remove the patch in

Fig. 1 An anallergic total knee arthroplasty (TKA) with an oxidized zirconium femoral component and an all-polyethylene tibial component.
Preoperative, intraoperative, and radiographic aspects after implantation
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case of intense response. After 72 hours, the patch was finally
removed and the final inspection was done.

Since 2006, we also introduced some specific laboratory
assays such as LTT, ELISA, and confocal microscopy; all the
patients suspected as candidates for TKA were submitted to
this protocol before the patch testing. LTT was made by the
evaluation of [3H]-thymidine uptake (3H-TdR) in lympho-
cytes. ELISA testing was conducted by the Luminex
LabMAP system (Luminex Corporation, Austin, TX).
Confocal microscopy was performed to evaluate any intracel-
lular abnormalities after contact with metals by 3D images of
the stimulated cells, obtaining 0.5 nm optical slides directly
acquired and CT reconstructed.

A hypersensitivity to metals was strongly considered when
the medical history and the patch testing (before 2006), and
the history, patch testing, and laboratory findings (after 2006)
were positive. It was suggested as “possible” when the med-
ical history and the patch testing were positive, but the blood
assessments were not performed (as before 2006) or negative.
The follow-up was conducted at one, three, and six months
after surgery, and then every year. The clinical evaluation
consisted of the assessment of VAS, range of motion
(ROM), and KSS; a radiographic study was done to calculate
the femorotibial angle, the positioning of the components, and
to monitor any radiolucency by the criteria of the Knee
Society roentgenographic evaluation and scoring system [33].

Results

Five (20.8 %) of the 24 patients (five knees) were considered to
be hypersensitive to metals, given the positive response to med-
ical history, patch testing, and lab assays. In three subjects, a
simultaneous sensitivity to two metals was demonstrated.
Sixteen patients included before 2006 did not undergo any lab
analysis, and were considered to be “possible” hypersensitive
(positivity to both medical history and patch testing). A single
patient, negative to the patch testing, was actually found to be
positive to chrome after the lab tests. The results of the diagnostic
evaluation for hypersensitivity to metals is shown in Table 2.

The overall incidence of an actual sensitivity was of 0.49%
(five patients over 1,007 TKA procedures).

All patients underwent TKA with the abovementioned
implant: in one female patient we performed a bilateral TKA
with a yearly interval. Seven patients received a CR implant,
while in the remainders a PS prosthesis was chosen. Patella
resurfacing was performed in five patients. All the patients
received a posterior stabilized TKA.

The mean follow-up was 79.2 months (range, 61–90). No
patient was lost at the follow-up. No patient reported any
reaction related to hypersensitivity, no case of anterior knee
pain was referred, and no implant failed at the latest follow-up.

The mean femorotibial angle in the coronal plane aver-
aged 7.0° varus preoperatively (range, 1°–10°) in 18 pa-
tients and 11.2° valgus (range, 9°–14°) in six patients. After
surgery, the mean position of the femoral component was
4.2° valgus (range, 1.9°–7.7°) relative to the anatomic axis
of the femur on the standing AP radiograms, and 0.7°
flexion (range, 0.9° extension to 3.3° flexion) on the lateral
radiograms. The mean alignment of the tibial component
was 90.9° (range, 88.5°–92.3°) relative to the mechanical
axis of the tibia on the standing AP radiograms and 4.4°
posterior slope (range, 1.4°–8.1°) on the lateral radiograms.

At the final followup, VAS improved from a mean pre-
operative value of 7.2 (range, 6–9) to 1.8 (range, 0–3). The
KSS increased from an average of 38 points (range, 18–59)
pre-operatively to 91 points (range, 65–100) at the latest eval-
uation. The functional score improved from 39 points (range,
5–55) to 88 points (range, 55–100). The mean total flexion arc
improved from 90° (range, 20°–130°) preoperatively to 115°
(range, 85°–145°) at the time of the latest follow-up.

Radiolucencies were present in two implants (one on the
femoral side—anterior cortex and one on the medial tibial
plateau), but according to the Knee Society roentgenographic
evaluation, none of these was >2 mm, and there was no
significant progression at the latest radiologic follow-up.

Discussion

Many TKAs are performed worldwide every day, but few are
the cases of actual hypersensitivity to metal implants, where
the incidence is estimated to be lower than 1 % [18].
Hypersensitivity to orthopaedic implants is a still debated

Table 1 Composition of the patch testing, with metal and cement
allergens

Cement components Metal substances

Hydroxyethyl methacrylate Cobalt chloride 1 %

Dimethyl-p-toluidine Nickel sulfate 5 %

Benzoyl peroxide Potassium dichromate 0.5 %

Vaseline Chromium III

Vaseline

Table 2 Overall results of patch and lab testings

Result Medical history for
metal sensitivity

Patch testing Lab testing (evaluated
from 2006)

Positivity Ascertained: 9 / 24 Nickel: 21 / 24 Nickel: 5 / 6

Chrome: 6a / 24 Chrome: 4a / 5

Suspected: 13 / 24 Cobalt: 4 / 24 Cobalt: 1 / 1

a One subject was negative to chrome at the patch testing, but was found
positive to LTT
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issue, since it has to be considered as a diagnosis of exclusion.
The main causes of a painful TKA are, generally, infection,
aseptic loosening, and instability [34]. Critical points are the
tools to confirm this suspect, once the most frequent causes
have been excluded [9, 10]. The patch testing has several
limits, due to the skin reactivity being different from the
response of the joint tissues [3, 23]. Cellular reactions to a
contact with metals may be analysed in different ways: LTT,
ELISA,MIF, and confocal microscopy are the most addressed
[18, 35]. It is now reasonable to consider that these method-
ologies may together give a comprehensive determination of a
hypersensitivity to metals [23].

Hallab and his group have been the most interested in this
topic, proposing several methods over the years to assess a
sensitivity to orthopaedic implants [3, 8, 11, 13, 23, 25]. An
in vitro evaluation has been proposed by Merritt and Rodrigo,
showing a significative percentage of sensitization in a popu-
lation of asymptomatic patients after a joint replacement, but a
low risk of severe reactions to metal components [18]. A
histomorphological study was conducted by Willert et al. in
19 specimens of periprosthetic tissues coming from patients
with failed metal-on-metal hip arthroplasties; a specific
hystologic pattern was found at light microscopy (ALDVAL),
probably related to a periprosthetic bone loss initiated by a
sensitization and immunological response after continuous re-
lease of metal ions by the prosthetic components [12].
However, the low frequency of this phenomenon and the lack
of a study at electron microscopy makes this hystopathologic
pattern not pathognomonic of a metal hypersensitivity.

In the present study, we confirmed the low prevalence of
the risk for sensitivity to metals in a cohort of patients under-
going a TKA (20.8 % in more than 1,000 procedures in about
seven years). Moreover, only a part of these subjects showed
an actual sensitivity (0.49 %) based on a diagnostic protocol
consisting of a multiple evaluation. Before 2006, all patients
with positive history and patch testing were suspected to be
possible hypersensitive. After development of the lab pro-
tocol (2006), all the patients with positive medical history
and negative patch testing presented negative results in
the blood assays. Furthermore, not all the patients positive
to the clinical history and patch testing were found to be
positive to lab tests (Table 2).

We did consider it reasonable to use a non allergenic
implant in all cases (possible or ascertain sensitivity) indepen-
dently by the opportunity to perform any laboratory assay. By
using the abovementioned type of implant, we had no com-
plications, and we did not observe critical situations at mid-
term follow-up also regarding the use of an all-polyethylene
tibial component. The clinical outcomes were substantially
comparable to our previously reported data regarding the same
implant with standard Cr-Co femoral components and
metalback tibial baseplate in the same period [20], and in line
with the most recent series [31, 32].

The availability of the assays as mentioned surely will
clarify by a scientific point of view the status of hypersensi-
tivity; however, as demonstrated by our experience before
2006, we feel that an implant with high-performance materials
and hypoallergenic properties is to be reasonably considered
in any case of suspected hypersensitivity to metals.

This study has several limits. The study population is small;
however, the prevalence of an actual hypersensitivity in our
series needing a TKAwas substantially low. The diagnosis of
hypersensitivity to metals is still debated, and this clinical issue
has to be considered only by exclusion criteria, using a combi-
nation of the mentioned assays. We used only a single implant
for TKAwith respect to several available, given the confidence
with this modern and highly modular system.

However, this study shows an easy and reproducible ap-
proach for the patients with any risk factor for hypersensitivity
to metals undergoing a knee replacement. We consider of
paramount importance a careful research of any previous
altered contact with metals in the medical history of the
patients who are candidates for a TKA. The choice of a
modern hypoallergenic implant prevents any kind of potential
reactions, ensuring on the other hand a mid-term survivorship
comparable to standard prostheses, given the high tribologic
performances of these materials.
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