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Background: Hypersensitivity to metals as a cause of implant-related complications has been a
subject of controversy. Projections indicate an increase in the frequency of joint replacements
of between 300% and 600% by the year 2030; therefore, this issue is of considerable interest.
Objective: To evaluate sensitization to implant materials in patients with implant-related compli-
cations, to identify allergens, and to clarify whether hypersensitivity is a relevant cause.
Methods: Patients with implant-related complications or a positive history of contact allergy
and planned total joint replacements referred for allergological investigation between 2004 and
2017 were retrospectively analysed.

Results: In total, 311 patients were included. A positive patch test reaction to a metal was seen
in 64.4% of preoperative patients and in 54.6% of patients with implant-related complications.
Common alloy metals such as cobalt, chromium and titanium gave positive reactions in up to
2.9% of patients with implant-related complications. None of the patients with skin changes had
a positive patch test reaction to an implant metal.

Conclusion: Other factors, such as the type of replaced joint and mechanical stress, seem to be
more relevant for implant-related complications. Sensitization to metals or other materials

seems to rarely play a role, and is overestimated.

KEYWORDS

1 | INTRODUCTION

The number of total joint arthroplasties (TJAs), especially hip and knee
replacements, has considerably increased over the years.? Projec-
tions predict the frequency of TJAs to further increase by 300% to
over 600% by the year 2030.3* As the number of TJAs increases, the
rate of complications may rise. Infections after TJA despite antibiotic
prophylaxis occur in approximately 1% to 2% of cases.” Beside infec-
tions, other implant-related complications such as malalignment, loos-
ening, skin changes, pain and swelling may occur. One potential cause
that has been widely discussed is a hypersensitivity reaction to a
metal or bone cement component.®*®> According to case reports,
allergic reactions to such materials have been rarely described.t63°
Larger studies evaluated potential allergens and hypersensitivity
prevalences after TJA, and tried to establish general preoperative
(PO) and postoperative guidelines in cases of suspected metal
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implant complications, implant failure, metal allergy, metal hypersensitivity, osteosynthesis,

patch test, total joint replacement

hypersensitivity.}31>3132 Other diagnostic approaches, for example,
cellular in vitro methods (lymphocyte transformation/stimulation or
leukocyte migration inhibition tests), were used as the validity of
patch tests was questioned.®3 Most authors recommend patch testing

33-35 whereas

in PO patients with a history of contact allergy only,
others suggest general screening.® Therefore, prevalences of sensiti-
zation to metal and bone cement components are hugely different
between studies.'>433 Hitherto, the question of whether implant
complications occur because of hypersensitivity or vice versa has not
been completely answered.?”

In this study, the prevalences of sensitization to metals and bone
cement components in patients with osteosynthesis (OS) and TJA-
related complications were evaluated, potential allergens were identi-
fied, and, if possible, the relevance was established. These groups
were compared with a PO group with a history of metal contact
allergy.
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2 | PATIENTS AND METHODS

We retrospectively analysed all patients from 2004 to 2017 who had
an allergological work-up at the Allergy Unit of the University Hospital
Basel, either following implant-related complications or as a PO evalu-
ation concerning metal hypersensitivity. Informed general consent
was obtained, and the study was approved by the local ethics commit-
tee. Patients with implant-related complications were referred after
infection and malalignment had already been ruled out or seemed
unlikely. PO testing was performed in a majority of patients with a
clear history of contact allergy to metals, and rarely for other reasons,
who were to receive a TJA. Patients with problems regarding dental
implants or other medical devices such as stents and pacemakers were
excluded. Assessment included a detailed history, inspection of skin,
oral mucosa, dental status, and the affected joint, as well as patch
testing. The vast majority of patch tests were indicated and read by
the same 2 physicians. The history comprised information about for-
mer and current symptoms, metal contact allergy, occupational or rec-
reational exposure to metals, previous metal implants, presence of
tattoos or piercings, implantation date, type and composition of the
implant, and whether the implant was cemented. Symptoms were cat-
egorized as “pain”, “swelling”, “loosening”, “skin changes”, and “others”.

Patients could have several symptoms.

2.1 | Patch tests

The European baseline series (Chemotechnique Diagnostics, Vellinge,
Sweden; SmartPractice respectively, Almirall Hermal, Reinbek,
Germany), an extended metal series (Table 1) (containing frequent
metal allergens, common alloy metals of implants and also other
metals rarely eliciting contact allergy, such as palladium ([Pd], rhodium,
and mercury [Hg], which are not present in orthopaedic implant alloys)
and bone cement components (Table 2) were tested in IQ Chambers
(Chemotechnique Diagnostics). According to the standardized
approach in our clinic, all patients were tested with all patch test
series, including bone cement components, irrespective of indication.
Patch tests were applied for 2 days on the patient’s upper back. The
first reading was performed on day (D) 2, and the second reading was
performed between D3 and Dé. Test reactions were rated according
to ICDRG/ESCD guidelines for patch testing.3%?

2.2 | Statistical analysis

One examination per patient was analysed; the most recent examina-
tion was considered if the patient had had >1 consultation during the
study time. Five groups were defined: PO, OS, hip total prosthesis
(HTP), knee total prosthesis (KTP), and shoulder total prosthesis (STP).
Patient characteristics and the results of allergy testing were evalu-
ated by comparing results between different groups, and comparing
the implant groups OS, HTP, KTP and STP with the PO group. Com-
parisons of categorical variables among groups were performed with
Fisher's exact test or the »2 test, as applicable. For comparisons of
continuous variables, the Mann-Whitney U test was used. The statis-

tical significance level was set at P < .05.

TABLE1 Metal compounds used for patch testing
Metals Concentration (%) Vehicle
Aluminium? 100
Aluminium chloride® 2 pet.
Ammonium molybdate tetrahydrate® 1 aq.
Calcium titanate? 10 pet.
Cobalt chloride® © 1 pet.
Manganese chloride® 2 pet.
Molybdenum? 5 pet.
Nickel sulfate® © 5 pet.
Niobium chloride? 1 pet.
Palladium chloride® 1 pet.
Potassium dichromate® ¢ 0.5 pet.
Rhodium chloride® 3 pet.
Sodium tetrachloropalladate® 3 pet.
Titanium chloride® 0.1 ag.
Titanium? 10 pet.
Titanium nitride® 5 pet.
Titanium oxalate decahydrate® 1 pet.
Vanadium metal® 5 pet.
Vanadium chloride® 1 pet.
Zirconium chloride® 1 pet.

@ Chemotechnique Diagnostics (Vellinge, Sweden).

b AllergEAZE—SmartPractice  Europe  respectively  Almirall  Hermal

(Reinbek, Germany).
¢ From the European baseline series.
9 Produced in-house.
¢ Trolab—SmartPractice Europe resp. Almirall Hermal (Reinbek, Germany).

Additionally tested metals are shown in Table S1.

3 | RESULTS

3.1 | Patients

We analysed a total of 311 patients: 220 (70.7%) females and
91 (29.3%) males. The mean age of the whole study population was
63.9 years (95%Cl: 52.9-74.9). Seventy-three (23.5%) patients had a
PO examination, and 238 (76.5%) patients were suffering from
implant-related complications: 175 (73.5%) in the KTP group,

TABLE 2 Patch test substances of bone cement components

Component Concentration (%) Vehicle
2-Hydroxyethyl methacrylate 1 pet.
4,4'-Diaminodiphenylmethane 0.5 pet.
Barium sulfate 5 pet.
Benzoyl peroxide 1 pet.
Gentamicin sulfate 20 pet.
Hydroquinone 1 pet.
Methyl methacrylate 2 pet.
N,N-dimethyl-4-toluidine 2 pet.
Zirconium chloride 1 pet.

Palacos bone cement “as is"? -

AllergEAZE test compounds (SmartPractice Europe resp. Almirall Hermal,
Reinbek, Germany),

@ Cured and dried in the form of a flat 10-mm disc.
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TABLE 3 Specified symptoms by implant group
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Pain, n (%) Swelling, n (%) Skin, n (%) Loosening, n (%) Others, n (%)
Any implant (N = 238) 177 (74.4) 81 (34) 26 (10.9) 52(21.8) 14 (5.9)
HTP (N = 28) 12 (42.9) 3(10.7) 5(17.9) 6(21.4) 3(10.7)
KTP (N = 175) 151 (86.3) 76 (43.4) 13(7.4) 40 (22.9) 6(3.4)
STP (N = 4) 3(75) 1(25) 2 (50) 1(25) -
Osteosynthesis (N = 31) 11 (35.5) 1(3.2) 6(19.3) 5(16.1) 5(16.1)

Abbreviations: HTP, hip total prosthesis; KTP, knee total prosthesis; STP, shoulder total prosthesis. For KTP vs HTP, the P values are <.0001 for pain and

.0007 for swelling.

28 (11.8%) in the HTP group, 4 (1.7%) in the STP group, and 31 (13%)
in the OS group. Fifty-eight (79.5%) patients from the PO group and
110 (46.2%) patients with implant-related complications had a history
of a previous contact allergy (P < .0001). Current symptoms of
patients with implants included: pain (177; 74.4%), swelling (81; 34%),
loosening (52; 21.8%), skin changes (26; 10.9%), and “other” symp-
toms or findings (14; 5.9%) (Table 3). There were no relevant findings
regarding oral and dental status. On the basis of an implant pass or
other sources, the implant type was identifiable in 166 (69.7%) cases
and the corresponding alloy in 134 (56.3%). Joint prostheses were
cemented in 179 (75%) patients (HTP, 20 [71.4%]; KTP, 157 [89.7%];
and STP, 2 [50%]). The available information on metal components is
shown in Table 4.

3.2 | Patch test results

The highest prevalence of positive reactions was observed for Pd
(tested as sodium tetrachloropalladate) (n = 62, 23.3%), followed by
nickel sulfate (n = 51, 16.4%), benzoyl peroxide (n = 36, 11.6%), rho-
dium chloride (n = 27, 8.3%), and Pd (tested as PdCl,) (n = 24, 7.7%).
Thirty-six patients reacted positively to nickel sulfate and Pd, tested
either as sodium tetrachloropalladate (n = 15) or palladium chloride
(n = 3), or both (n = 18). In contrast, titanium (Ti), for example, which
is a frequently used alloy metal in OS and some KTPs and HTPs,
tested in 5 different compounds, always gave negative results. Only
12 patients (15.6%) with Ti-containing implants showed a positive
patch test reaction to nickel sulfate. Comparisons between the 2 larg-
est groups, patients with KTPs and HTPs, respectively, showed no sig-
nificant difference regarding sensitization prevalences. The complete

patch test results for metals and bone cement components are shown
in Table 5.

4 | DISCUSSION

41 | PO group

As expected, the PO group had the highest proportion of positive
patch test reactions to metals (64.4%). This is not surprising, as one of
the major reasons for a PO allergological work-up was a history of
metal contact allergy. It has to be kept in mind, however, that PO
patients are, on average, of younger age, and sensitization prevalences
vary with age.'* As expected, Pd and nickel (Ni) were most often posi-
tive. In the general population, the most frequent metal contact
allergen is Ni, followed by cobalt (Co) and chromium (Cr).*>*? Previous
studies found hypersensitivity to any of those metals in approximately
10% to 15% of the general population and in 12% to 23% of PO
patients with a planned HTP.1*33 However, Pd is not included in the
baseline series, making a comparison difficult. The high number of
positive test reactions to Pd can partly be explained by cross-
reactivity to Ni,*>*® a high proportion of which has been observed in
previous studies in our clinic.**

Currently used metal alloys mainly consist of Co-Cr-molybdenum
(Mo) (60% Co, 30% Cr, and 7% Mo), Ti-vanadium (V)-aluminium
(Al) (86%-90% Ti, 6% Al, and 4% V), or Ti-Al-niobium (Nb) (86%-90%
Ti, 6% Al, and 7% Nb), and contain traces of Ni (<1%).2>*>#¢ |n our
study, positive patch test reactions to 1 of these alloy metals were

rare. Nevertheless, PO examination may help in deciding which alloy

TABLE4 Implant metal compositions
Any implant (N = 134), n (%) HTP (N = 17), n (%) KTP (N = 91), n (%) STP (N = 1), n (%) OS (N = 25), n (%)

Cobalt 102 (76.1%) 13 (76.5) 84 (92.3) 1 4 (16)
Chromium 105 (78.4) 12 (70.6) 84 (92.3) 1 8(32)
Molybdenum 94 (70.1) 10 (58.8) 79 (86.8) 1 4(16)
Nickel 11(8.2) 2(11.8) 2(2.2) - 7 (28)
Titanium 75 (56) 12 (70.6) 42 (46.2) 1 20 (80)
Aluminium 23 (17.2) 4(23.5) 15 (16.5) 1 3(12)
Vanadium 18 (13.4) 2(11.8) 15 (16.5) 1 -
Iron 4(3) - - = 4(16)
Manganese 1(0.7) - - - 1(4)
Niobium 7(5.2) 3(17.6) 2(2.2) - 2(8)
Zirconium 2 (1.5) - 2(2.2) - -

Abbreviations: HTP, hip total prosthesis; KTP, knee total prosthesis; OS, osteosynthesis; STP, shoulder total prosthesis. Metals were considered only if the

implant contained >1%.
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TABLE5 Patch test reactions to orthopaedic implant materials
PO Patients PO vs patients
Concentration (N = 73), with implants with implants OS (N = 31), KTP(N = 175), HTP(N = 28), KTP vs HTP
(%)? n (%) (N = 238),n (%) (P value) n (%) n (%) n (%) (P value)

Any metal 47 (64.4) 130 (54.6) 14 11 (35.5) 99 (56.7) 14 (50) .52
Nickel sulfate 5 25(34.2) 26(10.9) <.0001 6(19.4) 18 (10.3) 2(7.1) >.99
Cobalt chloride 1 11 (15.1) 7(2.9) .0001 3(9.7) 4(2.3) 0 >99
Potassium dichromate 0.5 2(2.7) 4(1.7) .63 1(3.2) 3(1.7) 0 >99
Molybdenum 5 0 0 - 0 0 0 -
Ammonium molybdate 1 (aqg.) 0 0 - 0 0 0 -

tetrahydrate
Titanium 10 0 0 - 0 0 0 -
Titanium chloride 0.1 (aq.) 0 0 - 0 0 0 -
Titanium nitride 5 0 0 - 0 0 0 -
Titanium oxalate 1 0 0 = 0 0 0 =

decahydrate
Calcium titanate 10 0 0 - 0 0 0 -
Aluminium 100 0 0 = 0 0 0 =
Aluminium chloride 2 0 1(0.4) >.99 0 0 1(3.6) 14
Vanadium metal 5 0 1(0.4) >.99 0 1(0.6) 0 >99
Vanadium chloride 1 1(1.4) 5(2.1) >99 1(3.2) 3(1.7) 1(3.6) 45
Niobium chloride 1 1(1.4) 1(0.4) 42 1(3.2) 0 0 -
Manganese chloride 2 2(2.7) 14 (5.9) .38 4(12.9) 7 (4) 2(7.1) .36
Zirconium chloride 1 0 0 = 0 0 0 =
Any bone cement 8(11) 32(13.4) 46 3(9.7) 22 (12.6) 6(21.4) 21

component
Benzoyl peroxide 1 5(6.8) 31(13) .32 3(9.7) 22 (12.6) 5(17.9) 44
Gentamicin 20 0 2(0.84) .99 0 2(1.2) 0 >.99

Abbreviations: HTP, hip total prosthesis; KTP, knee total prosthesis; OS, osteosynthesis; PO, preoperative. Positive patch test reactions in PO patients and
in patients with implant-related complications plus comparison of the 2 groups, and positive patch test reactions in OS patients as well as KTP and HTP

patients plus comparison. Allergens in pet., except where indicated otherwise.

2 The vehicle was pet., unless specified otherwise.

to choose. It is a common notion that a PO examination is helpful and
is indicated only in patients with a history of contact allergy or past
implant-related complications that were not clearly attributable to

infection or malalignment.10-3335

Frigerio et al patch tested
100 patients prior to an HTP or KTP, irrespective of a history of con-
tact allergy, in contrast to our study, in which preoperatively tested
patients had to have a history of metal sensitivity.'> Twenty-three per
cent of the patients of Frigerio et al had a positive patch test reaction;
that is, approximately three quarters of his patients underwent the
complete test process, resulting in unnecessary costs. As in previous
studies, this suggests that a negative history of contact allergy and
negative patch test results have good concordance.*”*® Therefore,
with the much higher proportion of positive results and the low preva-
lence of relevant PO positive patch test reactions in our study, we
suggest that only patients with a clear history of contact allergy to

metals should be patch tested.

4.2 | OS implant group

Patients with OSs are generally younger than those with TJAs. OSs
often consist of different alloy metals, are not cemented, and are typi-
cally removed after a certain time period. Formerly, OSs consisted

mostly of stainless steel, with high proportions of Ni, Cr, and iron.*’

Since the mid-1980s, Ti has become more important.>>>* Therefore
80% of the OSs in our patients were made of Ti alloys. Only very few

52-58 and we

case reports have suggested allergic reactions to Ti,
observed no positive reactions to Ti compounds in these groups.
However, it was reported that a similar inflammatory tissue reaction
was triggered by metallic stainless steel and Ti particles.>” However,
alloy metals other than Ti were not ruled out as the causes of these
reactions. Schuh et al have claimed that Ni traces in Ti implants may
provoke an allergic reaction.?® Our results do not support this
assumption; only 15.5% of the patients with a Ti-containing implant
had a positive patch test reaction to Ni. This proportion is even lower
than the sensitization prevalence in the general population.
Although our number of patients is small, we assume that the vast
majority of OS-related complications, with infection and loosening

ruled out, are not caused by an allergic reaction.

4.3 | Prosthesis implant groups

With only 4 patients, the STP group is too small to allow any further
conclusions. In our study, the KTP group was the largest group. Most
of these patients (86.4%) suffered from pain, representing the highest
proportion among all groups. Conversely, skin changes constituted

the rarest complaint. Interestingly, although HTPs are performed far
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more often than KTPs, the number of patients with implant-related
complications is significantly lower.#* In the HTP group, symptoms
were more evenly distributed, and pain, especially, seemed to occur
less frequently. In our cohort, only 28 patients had an allergological
work-up because of a suspected hypersensitivity reaction after receiv-
ing an HTP. The proportions of positive Ni, Co and Cr test reactions in
our study (1%-10%) were well below the 25% and 60% in patients
with well-functioning and malfunctioning prostheses, respectively, in
a review of studies using different test methods (patch tests, lympho-
cyte migration test, or lymphocyte transformation test) published by
Hallab et al.** The proportion of patients sensitized to Ni in our study
was even lower than the sensitization prevalence in the general

population.6:¢?

4.4 | General considerations

Only a few studies have compared patch test results between PO and
postoperative patients.3>¢® The prevalence of positive patch test
reactions to any metal was similar to ours, with higher proportions in
postoperative patients than in our study. However, the individual
share of positive test reactions for each metal was higher in both PO
and postoperative patients in the study of Atanaskova Mesinkovska
et al, whereas Reed et al did not observe any positive reactions to a
prosthesis component in postoperative patients.3>¢3

Allergic reactions to metal alloys obviously occur in individual
patients, as shown by a considerable number of case
reports. 16729232628 gtarjle inflammation and loosening resulting from
metal allergy may lead to pain and swelling. Allergic contact dermatitis
was rarely observed in our OS group. In TJA patients, skin lesions
were mostly attributable to oedema, or were non-specific eczema. As
mentioned above, current joint prostheses contain mainly Co-Cr-Mo
or Ti-Al-V or, instead of Al, Nb alloys with traces of Ni.»>4> In our
study, the prevalence of sensitization to 1 of the main alloy metals
was 2.9%, at most. Like that of Ni, the prevalence of Co and Cr allergy
in our study was lower than in the general patch tested population:
6% for Co, and 3.8% for Cr.°* Furthermore, there were no positive
patch test reactions to Ti or Mo, and, for the other metals, there was
no significant difference between KTPs and HTPs.

Hip and knee joints differ considerably regarding anatomy, func-
tion, and mechanical stress affecting the joint. Both the vastly differ-
ent number of patients and the fact that the sensitization prevalences
of the 2 groups were similar led us to assume that allergic reactions
are not important in causing complications. In addition, some patients
concurrently had 2 or, rarely, 3 TJAs, whereas only 1, typically the
KTP, caused problems. We therefore hypothesize that the type and
characteristics of the affected joint and, for example, mechanical
forces are more likely explanations for most signs and symptoms
related to TJA.

Bone cement components have been discussed as causing rele-
vant hypersensitivity reactions 27¢4-%¢, Several case reports have sug-
gested an association with benzoyl peroxide and the antibiotic
gentamicin.??227-2? The majority of patients in our study had a
cemented prosthesis, and HTP patients had a positive patch test reac-
tion to a bone cement component more often than KTP patients,

although the difference did not reach statistical significance.

WILEY [Eivins—
Our prevalence of sensitization to any bone cement component
(13.4%) was clearly lower than that, for example, in a study by Eben
et al (31.8%).%¢ Although all cement components were tested, almost
all of our positive reactions (13%) were to benzoyl peroxide, which is
clearly a higher rate than in other studies.®*%® The validity of patch
test results for benzoyl peroxide has been discussed for years. For
example, Ockenfels et al mentioned the frequent difficulty of differen-
tiating between irritant and allergic reactions, and therefore the
uncertainty about the validity of results.®” For this reason, we simulta-
neously tested benzoyl peroxide in 2 different chambers, making our
results more robust. In contrast to our results, Thomas et al have
observed sensitization to gentamicin in 17% of patients after they
have received a cemented TJA.®* On the basis of these observations
and a non-significant difference between PO and postoperative posi-
tive patch test reactions to bone cement components, we assume that
relevant contact allergy to bone cement components is also rare.
However, in a few patients, replacement of a cemented prosthesis
with a non-cemented model resulted in an important reduction in
symptoms and the prevention of further loosening.2+2227:2%

Because of our standardized approach of testing all patients with
implant-related complications, excluding dental issues, with all metals
and bone cement components, we observed a considerable number of
positive patch test reactions to compounds not present in orthopaedic
implants. For instance, we found rather high numbers of positive
patch test reactions to rhodium chloride and manganese chloride, as
well as to vanadium chloride, although the prevalence of sensitization
to vanadium metal was lower. A recent study by Shallcross
et al showed high numbers of irritant patch test reactions to manga-
nese chloride, even in low concentrations.®® The use of manganese
oxide resulted in fewer irritant reactions. The authors suggested bio-
chemical reasons (eg, oxidation state) for irritant reactions. Hypotheti-
cally, in some metals, the applied anion chloride, for example, rhodium
or vanadium chloride, may often induce an irritant skin reaction, rather
than the metal cation itself. In contrast, palladium chloride gave posi-
tive reactions less often than sodium tetrachloropalladate, a metal for
which the test agent and concentration have been recently studied in
more detail, and tetrachloropalladate was recommended as a more
suitable test compound. In our opinion, such detailed evaluations
should also be performed with metals for which no such studies exist,
for example, Ti, V, Nb, manganese, Mo and zirconium compounds, to
improve test conditions.

Cross-reactivity between Pd and Ni was shown in several stud-
ies.4243%9 |n most of those studies, palladium chloride was used for
patch testing. Our results also support the theory of cross-reactivity
between Pd and Ni, as 70.6% (n = 36) of the patients with a positive
patch test reaction to Ni also had a positive patch test reaction to at
least 1 Pd compound. The association seems to be higher for palla-
dium chloride, as 21 of 27 patients (77.8%) with a positive patch test
reaction to palladium chloride also had a positive patch test reaction
to Ni, whereas only 33 of 61 patients (54.1%) with a positive patch
test reaction to tetrachloropalladate also a positive patch test reaction
to Ni. It has also been shown in other studies that sodium tetrachloro-
palladate is more often positive, and therefore more sensitive, than
palladium chloride, and sensitization prevalences similar to those for

nickel sulfate were found.”"72 The prevalences in postoperative



FURRER ET AL.

6 | CONTACT
WILEY [Sayreiing
patients are similar to those found by Muris et al; however, PO
patients had much higher prevalences.”? In contrast to the findings of
Muris et al, in both groups sodium tetrachloropalladate was more
often positive than nickel sulfate. As mentioned above, we noticed

.4 A rea-

similar characteristics in former studies from our departmen
son might be the use of a 3% concentration, as some studies showed
a significantly higher number of irritant reactions than with a 2% con-

centration of tetrachloropalladate.”?

4.5 | Strengths and limitations

We analysed >300 patients with different implants, and we performed
testing with a large series of metals and bone cement components.
Although the usefulness of patch tests has been challenged in several
studies, patch tests are still the gold standard for identifying contact
allergy, and still constitute the best way to identify contact sensitiza-
tion to metals.”**73~7> Nevertheless, except for Ni, Cr, and Co, as
well as, for example, e.g. Hg, gold, and Pd, most test preparations for
alloy metal allergens are not yet sufficiently validated. For our patch
tests, we used metal salt preparations mostly from commercial pro-
viders, which have been also used in other studies.*>3! The interpre-
tation of patch test results depends greatly on the examiner, and
readings and interpretation have to be carefully performed. Our read-
ings were performed by the same experienced dermato-allergologists,
making interindividual differences less likely. Depending on the avail-
ability of the patient, the second reading was performed between D3
and Dé. This may have influenced our results, because some late reac-
tions may typically occur beyond D3. However, the majority of the
patients had a late reading beyond D3. Regarding the composition of
the implants, surprisingly, we often were not able to identify the exact
alloys of all implants, as many patients did not receive an implant pass,
especially if the TJA had been performed in earlier years. For most
cases, we were not able to obtain a follow-up and an outcome, or to
perform patch tests after a surgical intervention. Such information,

however, is crucial for an overall validation of this test procedure.

5 | CONCLUSIONS

Metal or bone cement component hypersensitivity in patients with
implant-related complications may be relevant in individual cases, as
shown by many case reports. On the basis of our observations, how-
ever, in the vast majority it does not seem to be pertinent, and we
therefore assume that the role of delayed hypersensitivity to alloy
metals as a cause of implant-related complications may be overesti-
mated. For instance, none of the patients with skin changes had a rel-
evant patch test reaction. Patients with other implant-related
complications had a very low prevalence of sensitization to any alloy
metal, so the replacement of a TJA had to be considered only rarely.
Replacement of a prosthesis was always recommended on the basis
of the entire individual situation, and not just on the basis of a positive
patch test reaction. Patients, for example, with a positive patch test
reaction to Cr or Co were advised to use another metal alloy. As

expected, PO patients with a history of metal sensitivity had higher

prevalences of sensitization to Ni and Pd, most likely because of
selection bias.

With only few relevant positive patch test reactions in postopera-
tive patients, we do not recommend a general allergological examina-
tion in patients with implant-related complications, particularly when
only the baseline series is used. However, in patients with a high sus-
picion of potentially material-related problems, an extensive evalua-
tion is advisable. On the other hand, routine PO testing should be
performed only in patients with a positive history of contact allergy.

Several currently unresolved issues remain:

1. The exact composition of the implants was often not available.
Hence, a complete assessment was not possible; this problem
needs to be solved by providing every patient with detailed infor-
mation on the type and composition of the prosthesis in an
“implant passport”.

2. Establishment of the relevance of a positive patch test reaction in
implant patients is particularly challenging; patients with TJA and
contact sensitization to implant metals may not have any com-
plaints or complications.

3. There is a lack of standardization and validation of patch test
preparations with metals such as Ti, V, and Nb, which rarely elicit
delayed hypersensitivity. This may lead to an overestimation of
the irritant potential of metals, and an underestimation when the
optimal test conditions are not established. Additionally, it makes
comparison among studies difficult.

4. Other mechanisms that cannot be diagnosed with patch tests, for
example, activation of innate immune pathways or foreign body

reactions, may play a role in implant failure.

With regard to the increasing number of patients in need of a

joint replacement, these issues need to be addressed and clarified.
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Table 6: Additional metals used for patch testing

Tested compound Concentration (%) Vehicle
Amalgam * 5 pet.
Amalgam alloy * 20 pet
Ammonium hexachloroiridate* 0.1 ag.
Ammonium hexachloroplatinate * 0.1 ag.
Ammonium tetrachloroplatinate * 0.25 pet.
Cadmium chloride® 0.5 pet.
Copper sulfate® 2 pet.
Copper oxide”? 5 pet.
Indium ? 1 pet.
Indium sulfate 10 ag.
Indium chloride 10 ag.
Iridium 2 1 pet.
Iridium chloridetrihydrate 2 1 pet.
Iron chloride? 2 pet.
Lead acetatetrihydrate? 0.5 aq.
Magnesium chloride 5 pet.
Mercury amide chloride* 1 pet.
Mercury ? 0.5 pet.
Mercury chloride? 0.1 pet.
Potassium dicyanoaurate* 0.002 pet.
Ruthenium oxide * 2 pet.
Silver nitrate? 1 ag.
Sodium thiosulfatoaurate* 0.25 pet.
Thiomersal * 0.1 pet.
Tin? 50 pet.
Tin chloride* 0.5 pet.
Tungsten® 5 pet.
Zinc? 25 pet.
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