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Abstract

Purpose The contact allergens nickel, cobalt, and chromium are often discussed as possible triggers of allergic reactions to
orthopedic implants. Additionally, acrylates and polymerization additives in bone cement (e.g., benzoyl peroxide (BPO)) have
been implicated as triggers of eczema, wound healing disorders, and aseptic implant loosening. We report about six patients with
aseptic loosening after total knee arthroplasty (TKA), who underwent revision surgery after testing positive for BPO
hypersensitivity.

Methods After clarification of possible other causes of implant failure, epicutaneous testing had been performed and the implants
were replaced in a two-stage procedure with cementless, diaphyseal anchoring, hypoallergenic (TiNb-coated) revision
endoprostheses.

Results Epicutaneous testing revealed a BPO allergy in all six patients and an additional nickel allergy in three of the six patients.
There was no histopathological or microbiological evidence for a periprosthetic infection. The clinical follow-up showed a low
level of pain with good function, a stable knee joint, and proper implant position. The Knee Society Score (KSS) with its
subscales Knee Score and Functional Score improved post-operatively from 43 to 70 points and from 47.5 to 68.3 points,
respectively. Two implant-specific complications occurred: femoral stress shielding two years post-operatively with no further
need for action and aseptic loosening of the tibial stem with the need of revision three years post-operatively.

Conclusions The regression of complaints after replacement with cementless and nickel-free revision implants suggests allergic
implant intolerance. Implantation of a cementless, hypoallergenic endoprosthesis might, therefore, be a surgical treatment
strategy in patients with evidence of allergies.
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Introduction

In recent years, the role of allergic reactions to implant mate-
rials in failed hip and knee arthroplasty has increasingly be-
come a topic of debate [1-3]. Particularly, the alloy compo-
nents of the implant materials contain the contact allergens
nickel, chromium, and cobalt [4]. Although cutaneous metal
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sensitization rates of up to 13.1% for nickel and 8% for cobalt
and chromium are not uncommon, so far, only a few cases of
implant allergies have been published in a form of case reports
and cohort studies [4-6].

Manifestations of allergic reactions to metal implants that
have been described are localized or generalized eczema, urti-
carial swabs, persistent swelling, sterile osteomyelitis, wound
healing disorders, or, in isolated cases, aseptic implant loosen-
ing [2, 4].

In contrast, only a few reports have documented bone
cement—associated allergic reactions [2, 7]. The sensitizing
capacity of acrylates, as well as the additives used for the
polymerization of the acrylic bone cement (including BPO,
N, N-dimethyl-p-toluidine [DMT], hydroquinones), and op-
tional antibiotic supplements, was first detected in the context
of intolerance reactions to dental materials [8].
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Because allergological testing is rarely performed in the
context of arthroplasty, the incidence of allergy-mediated im-
plant incompatibilities cannot be estimated at the moment [2].
Histopathological examination of periprosthetic tissues from
complication-related revision surgery has, however, revealed
lymphocytic infiltrates with histological characteristics of late-
type T cell-specific responses [4, 9].

In the present paper, we report about six consecutive pa-
tients who underwent cementless revision total knee
arthroplasty (RTKA) after an evidence for a contact allergy
to BPO was found.

Materials and methods

Six consecutive patients (n=3 (50%) female, n=3 (50%
male)) following TKA were included in this case series. The
criteria for inclusion were a positive testing for BPO allergy in
an epicutaneous allergy test and the exclusion of other differ-
ential diagnosis and need for revision surgery with implanta-
tion of a hypoallergenic endoprosthesis.

All six patients had cemented knee prostheses, of which
n =3 (50%) had been implanted in primary TKA procedures
without stems and n =3 (50%) in RTKA procedures with
cementless stem-guided shaft anchors. The mean age of the
patients was 64.9 £ 11.1 years (min 54, max 82.3 years). The
detailed patient data are summarized in Tables 1 and 2.

Differential diagnosis “painful endoprosthesis”

On the basis of the detailed patient anamneses (e.g., pain from
previous and current implants, incompatibilities with dental ma-
terials, or metals, including costume jewelry on the skin, history
of atopic diathesis, or known other allergies), and after

clarification of possible other causes of a “painful
endoprosthesis” (e.g., ligamentous instability in the case of in-
correct implant positioning or insufficient soft tissue balancing;
malposition of the components (assessed with CT); aseptic pros-
thesis loosening), a tentative diagnosis of a “contributing implant
allergy” was made. The exclusion of a periprosthetic infection
(PJI) was based on standardized procedures defined by the
Musculoskeletal Infection Society (MSIS) [13, 14].

The tentative diagnosis of an implant allergy was further
investigated by testing the patients with a standardized
allergological test, as described in the study by Bircher et al.
[15]. While this standardized test includes epicutaneous test-
ing (standard and bone cement series), a lymphocyte transfor-
mation testing (LTT) is not standardly included.

The indication for open revision and tissue sampling was
considered given when patients had a painful endoprosthesis
and a positive allergy test to implant materials. During the
operation, at least more than four samples of periprosthetic
tissue were taken from representative areas for histopatholog-
ical and microbiological processing. When loosening of the
prosthesis was evident intra-operatively, the prosthesis was
explanted, the explantation site was extensively surgically
debrided, and the explanted components were sonicated.

All of the patients in this study underwent a two-stage
procedure. In the prosthesis-free phase, the knee joint was
stabilized by the application of external stabilization (dorsal
plaster splint or external fixator). After histopathological and
microbiological exclusion of an infection, the patient was pre-
pared for the implantation of a cement-free custom-made
prosthesis (Waldemar LINK GmbH, Hamburg, Germany; link
rotational knee prosthesis with custom-made hypoallergenic
cement-free grooved and diaphyseal anchored shafts). A thin-
layer CT was used to acquire detailed planning shots. Figure 1
exemplifies the pre-operative planning procedure.

Table 1 Descriptive summary of patient data after retrospective evaluation
Pat. ID Age  Sex BMI(kg/m®)  Type of Dermatological testing Operation time Length of
(years) endoprosthesis (strength of the skin (cutting/suture time ~ hospital stay
(primary/revision)  reaction, time in h) (min)) (days)
1 5825 F 25.38 Revision TKA BPO (+, 72 h); sandalwood (+, 72 h); 236 24
fragrance (+, 72 h); wollwax (+, 48 h)
2 5402 F 2771 Primary TKA Colophony (++, 72 h); propolis (+, 72 h); 200 13
BPO (++, 72 h); Ti6AI4V (++, 72 h)
3 8225 F 1955 Revision TKA BPO (+, 72); nickel sulfate (++, 72 h); 271 22
copper sulfate (++, 72 h)
4 73.85 M 2623 Revision TKA Vanadium (++ 72 h); copper sulfate 171 31
(++, 72 h); nickel sulfate (++, 72 h); BPO
(+,72 h)
5 64.11 M 2776 Primary TKA BPO (+, 72 h) 186 8
6 56.638 M 31.13 Primary TKA BPO (++, 72 h); nickel sulfate (++, 72 h) 191 9
Average 63.80 26.28 209.16 17.83

F female, M male, BMI body mass index. Type of endoprosthesis before explantation; strongest skin reaction at certain exposure time: + erythema and
low infiltrate, ++ erythema and papules, +++ erythema, papules, and vesicles, ++++ blisters and erosions [10]; /# hours, BPO benzoyl peroxide
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Table 2 Descriptive summary of patient data after retrospective
evaluation; type of periprosthetic membrane according to Krenn and
Morawitz [11]; assessment of loosening after intra-operative macroscopic

finding; follow-up in months after replantation; Knee Society Score
(KSS) pre-operative before explantation and at last follow-up [12]

Pat. ID  Type of Implant loosening Follow-up KSS pre-operative ~ KSS post-operative ~ Osseous ~ Revision
periprosthetic  (femoral and/or tibial) (months)  (Knee/Functional) (Knee/Functional) integration
membrane
1 Type 1 Yes, femoral and tibial 48.2 51/55 83/90 Proper No
component
2 Type 4* Yes, femoral and tibial 26.2 38/45 74/80 Proper Yes, open arthrolysis
component
3 Type 1 Yes, femoral and tibial 43.6 48/55 78/60 Femoral Yes, change of tibial stem
component proper due to aseptic loosening
4 Type 4* Yes, femoral and tibial 6.3 40/15 43/20 Proper No
component
5 Type 1 Yes, femoral and tibial 9.4 43/60 73/80 Proper No
component
6 Type 4* Yes, femoral and tibial 12.4 38/55 74/80 Proper No
component
Average 24.35 43/47.5 70.8/68.3

*Intra-operative samples with extensive fibrosis and lymphocytic mediated perivascular infiltration

Microbiological and histopathological diagnosis

Microbiological processing of the samples followed standard
methods described elsewhere [16]. In order to not compromise
the diagnostic value of the microbiological assessment, the start
of antibiotic therapy was delayed until the intra-operative sam-
ples had been obtained. The incubation time was extended to
14 days to achieve optimal bacterial outcome [16].

The histopathological workup included the assessment of
periprosthetic membranes according to Morawietz et al. [11,
17]. Furthermore, special attention was paid to a possible oc-
currence of perivascular lymphocytic infiltration as an indica-
tion of an allergy-mediated type IV response.

For the immunohistochemical examination, the marker
CD-3 [Leica Biosystems, product code: NCL-L-CD3-565]
was used to characterize possible T cell-specific immune re-
sponses as a sign of a delayed hypersensitivity with increased
perivascular lymphocytic infiltration.

The semiquantitative analysis of CD-3 expression was car-
ried out microscopically [Leica Microscope, Leica
Microsystems Wetzlar GmbH, Germany]. The images were
acquired with a ProgRes SpeedXT core3 camera [Jenoptik
AG, Jena, Germany].

Clinical and radiological follow-up

Clinical and radiographic follow-up assessments were per-
formed post-operatively at six weeks, six months, and
one year, and, thereafter, in one year intervals. The Knee
Society Score (KSS) was assessed pre- and post-operatively
for its two subscales, Knee and Function [12].

The evaluation of the pre- and post-operative radiological
imaging was carried out by three independent examiners, in
particular, in regard to new osteolysis, significant, or progres-
sive, radiolucent lines in comparison with previous images,
sintering of the tibial or femoral prosthesis component, and
bone substance loss in the sense of stress shielding.

The definitions of the TKA complication workgroup were
used to evaluate post-operative complications [18]. Moreover,
a distinction was made between implant-specific and non-
implant-specific causes of failure.

Fig. 1 Exemplary pre-operative planning in two planes (pat. no. 2)
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Statistical analysis

Statistical analysis was performed with MS Excel 2016 for
Windows (Microsoft Corporation, Richmond, USA), with a
comparison of the arithmetic mean + standard deviation.

Results
Differential diagnosis “painful endoprosthesis”

In the epicutaneous allergy tests, all six patients showed a
positive skin reaction to BPO after a 72hour exposure (n =4,
strength 1 (66.67%) (erythema and low infiltrate), n =2,
strength 2 (erythema and papules)) [10].

In addition to the proven skin reaction to BPO, skin reac-
tions to nickel (II), sulfate, and others such as cupric sulfate
could be detected in three of the patients (see Table 1).

Tibial and femoral loosening of the prosthesis was apparent
in all cases during the revision operation, and the prostheses
could be removed without major surgical manipulation.

Microbiological and histopathological diagnosis

No signs for a PJI were macroscopically evident during sur-
gery in any of the treated patients. The interval between ex-
plantation and replantation averaged 61.3 days (55 to 70 days).
After removal of the prosthesis and debridement of the surgi-
cal site, ligamentous instability was seen in all patients, which
necessitated the implantation of a hinged revision
endoprosthesis.

Histological processing of the obtained tissue samples
showed lymphocytic mediated perivascular infiltration as an
indication of an allergy-mediated type IV reaction in three
cases, with partly increased expression of CD 3. In all of these
intra-operative samples, extensive fibrosis was also observed
(Figs. 2 and 3). In three cases, a type 1 periprosthetic mem-
brane as defined by Krenn and Morawitz was found [11].

Microbiological processing of the joint aspirates and
periprosthetic tissue samples showed no evidence of a PJI;
the MSIS criteria for defining PJI were negative in all cases.

Clinical and radiological follow-up

In one patient, a fracture of the medial femoral condyle oc-
curred intra-operatively during the insertion of the definitive
femoral component of the prosthesis. This fracture could be
treated by cannulated screw osteosynthesis so that it was pri-
marily stable (see Fig. 4). The average duration of the opera-
tion for implantation of the custom-made prostheses was
209.16 minutes (186 to 271 minutes). The mean length of
the hospital stay was 17.83 days (8 to 31 days).
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Fig. 2 HE, x200; perivascular lymphocytes (arrow), with abundant
adjacent abrasion material (star)

The individual test results for the patients are summarized
in Tables 1 and 2.

Long-term clinical observation

The mean follow-up time after prosthesis exchange surgery
was 24.4 +18.1 months (min 6.3 months, max 48.2 months).

In the clinical follow-up, and in comparison to the pre-
operative evaluation, a significant improvement of the Knee
Society Score (subscale Knee Score and Functional Score)
from 43, respectively, 47.5 points, to 70, respectively, 68.3
points was observed—this could be interpreted as an increase
in the knee score from <60 (poor) to 70-79 (good). In the
clinical follow-up, the complaints were regressive in all pa-
tients. One patient (no. 4) attended only one of the follow-up
appointments, about six months post-operatively, due to the
onset of dementia. This patient later died of natural causes. At

Fig. 3 HE, x 100; extensive fibrosis throughout the entire image
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Fig. 4 Radiological follow-up of
pat. no. 2 in two planes, directly
after the operation (a, b) and

2 years post-operatively (c, d).
Stress shielding of the distal
femur, with a proximally well-
integrated implant, can be clearly
recognized

the time of the last post-operative follow-up examination, the
knee joints of all six patients were free of irritation.

In four cases (pat. nos. 1, 4-6; 66.67%), the radiological
evaluation over time showed osseointegration of the custom-
made, cementless tibial and femoral shafts, which remained
firmly attached, with no evidence of loosening or vertical
migration (Fig. 5). In one case (pat. no. 3, 16.67%) vertical
sintering occurred due to aseptic loosening of the tibial shaft.
This was classified as an implant-specific complication,
three years post-operatively. The tibial component was,

Fig. 5 Radiological follow-up of
pat. no. 1 in two planes, directly
after the operation (a, b), and

3 years postoperatively (¢, d). The
tibial cerclage wiring was
necessary due to a tibial fissure
after knee prosthesis explantation
and attempt to attach an external
fixator in the course of a two-step
procedure

therefore, exchanged 3.3 years after implantation of the
cementless prosthesis. The microbiological and histopatho-
logical samples that had been collected intra-operatively
showed no evidence of a PJI in this patient. In addition, one
patient (pat. no. 2) showed a distal femoral stress shielding in
the radiologic assessment during her last follow-up examina-
tion (see Fig. 4). This patient is currently on a three monthly
clinical and radiological follow-up.

Patient no. 2 (16.67%) developed a deficit in knee flexion
and extension that was refractory to conservative therapy,
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directly after the exchange operation, due to nonperformance
of physiotherapeutic exercises and a refusal to participate in a
rehabilitative procedure. Open arthrolysis thus had to be per-
formed three months after the replantation of the prosthesis.
This event was considered a non-implant-specific complica-
tion. With intensive physiotherapeutic exercise, the further
post-operative course of the patient over the period up to the
last post-operative examination, 26.2 months after the initial
replantation, was uneventful.

Further reasons for revision, in terms of haematoma requir-
ing surgical treatment, did not arise.

The total revision rate for implant failure was 16.67% (one
out of six patients, no. 3, vertical sintering), and the total
revision rate for non-implant-specific complications, i.e., revi-
sion surgery that did not require changing or removing pros-
thetic components, was also 16.67% (one out of six patients,
no. 2, arthrolysis). All operations were considered clinically
successful.

Discussion

Overall, only a few reports about implant-associated allergic
reactions have been published so far [2, 5, 19]. There are also
currently no guidelines for the further elucidation of com-
plaints, in terms of a possible allergic genesis, in patients with
a “painful endoprosthesis” [19, 20]. This circumstance is like-
ly due to the difficulty of finding diagnostically sound evi-
dence in cases of suspected implant allergy [21]. As demon-
strated by the case series presented here, persistent complaints
or premature implant loosening after TKA often lead to the
tentative diagnosis of an implant allergy, via differential diag-
nosis. In light of the documented and predicted increase in the
number of TKA, there is, however, an essential need to estab-
lish a high-validity means to allow diagnostic differentiation
between prosthetic failure due to an allergic implant incom-
patibility and prosthetic failure due to other reasons [22]. The
ability to straightforwardly diagnose implant allergies would
not only be in the interest of patients, but it would also be of
enormous economic importance for the health care system
[23, 24].

To date, epicutaneous allergy testing is the standard diag-
nostic tool available to prove an implant allergy. The use of the
standard and bone cement test series established by the
German Contact Allergy Group is recommended in this con-
text [2, 15]. There are, however, legitimate doubts whether the
results observed in epicutaneous allergy testing can be trans-
ferred to the periprosthetic immune response [19]. Further,
there is some debate as to whether the metallic and acrylic
abrasion, degradation, and reaction products from prosthesis
components can actually be properly reproduced, as encoun-
tered in the periprosthetic tissues, in epicutaneous testing
patches [2, 15, 25]. Similarly, the standardized allergen
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exposure time 0of 48-96 h in patch testing differs markedly from
the far longer exposure time to implant materials and their abra-
sion or decay products, where weeks, months, or even years
may pass before subsequent allergic reactions to orthopaedic
implants are described [2, 5, 26]. Other concerns in regard to
patch tests include the development of dermal immunological
tolerance, as well as the possibility of subsequent allergy induc-
tion in potentially sensitive, but still asymptomatic patients [19].
It is also still not understood to which extent periprosthetic
hypersensitivity reactions may occur even without a concurrent
positive epicutaneous test reaction [2].

BPO intolerance, in particular, is difficult to evaluate by
patch testing [15]. Here, it is crucially important to distinguish
between allergic and irritative skin reactions. This is of partic-
ular importance, as more highly concentrated BPO solutions
(e.g., 1% compared to 0.5%) can cause skin reactions [27].
Moreover, a possible association of severe skin reactions to
BPO has been described in the context of prior contact with
topical acne therapeutics, especially in young women [28]. In
view of the far-reaching consequences, BPO testing should,
therefore, be repeated with a dilution series if the results are
questionable [15].

The lymphocyte transformation test (LTT) is an in vitro
alternative to the test methods described above. Here, the re-
sponse of the lymphocytes from a patient’s blood sample to an
allergen is tested [29]. Advantages of this method are the
avoidance of sensitization, the relatively high sensitivity of
55-95%, and the possibility of quantitatively evaluating the
results [30]. Nevertheless, it is unclear whether a proven sen-
sitivity in this test actually also manifests as a disease-causing
hypersensitivity [31]. There is no general recommendation for
the implementation of the LTT by the Robert Koch Institute
[29]. The LTT test was not performed in our case series.

There are, currently, no recommendations for predictive
allergy testing or even general pre-operative screening before
(elective) TKA [5, 19, 32].

Histological and immunohistochemical examination of
periprosthetic tissue can also provide further evidence for the
diagnosis of implant-related hypersensitivity. In three of the
cases reported here, perivascular lymphocytic infiltrates with
CD3-expressing T lymphocytes, accompanied by extensive
fibrosis of the periprosthetic membrane, were found present
[1, 3, 33]. Delayed T cell-specific responses may occur either
through a newly developed sensitization to implant materials
or as a result of a contact allergy prior to arthroplasty [34]. The
extent to which delayed T cell-specific immune responses to
bone cement and its wear products can be regarded as the
starting point for aseptic prosthetic loosening remains unclear
[9, 35].

Although the positive epicutaneous tests, along with the
detectable T cell-specific lymphocytic infiltrates and in-
creased fibrosis in the periprosthetic tissues, suggest that an
implant allergy was causal for the failure of the prostheses in
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our cases, this could not be conclusively determined. It re-
mains unclear whether the failure of the endoprostheses oc-
curred due to a pre-existing hypersensitivity to implant mate-
rials, or if the sensitization was induced by the progressive
failure of the prosthesis. It is well known that elevated metallic
ion levels in TKA, without correlation with the implanted
metallic volume or the BMI or physical activity, can be de-
tected post-operatively [36]. Nonetheless, the possibility
should be considered that a combination of progressive loos-
ening of a prosthesis and a preexisting, or newly developed
allergy may act together to, at least, accelerate the loosening
cascade. It would, therefore, be extremely useful to be able to
implement a validated diagnostic procedure prior to implan-
tation of artificial joints, especially when risk factors such as a
known, or suspected, hypersensitivity to implant materials
have been described in the patient history. This could help
detect and avoid possible adverse reactions that may lead to
an early failure of the prosthesis.

In addition to the difficulty of diagnosing an implant aller-
gy, it is still unclear to what extent BPO is released in the
further course of time after polymerization of the bone ce-
ment, and, also, whether this is relevant in arthroplasty, in
view of the fact that BPO is rapidly metabolized or decom-
poses within seconds [28, 37]. A long-term release of BPO
has, however, been detected, especially in dental applications
[15]. Long-term release of BPO could, thus, be a possible
explanation for symptoms that arise after TKA and then sub-
side after cementless RTKA.

Particularly in RTKA, anchoring of the prosthesis plays a
decisive role. Shaft-anchored implants show a significantly
lower revision rate despite the greater bone loss. Diaphyseal
anchoring is possible through full cementation or in press-fit
hybrid technique with pure undersurface cementation of the
femoral and tibial component. The latter technique is increas-
ingly being used, especially in young patients and in anticipa-
tion of future revision surgery [38]. Neither of these two op-
tions is available if cementless anchoring is required. There
are currently only a few reports about entirely cementless
RTKA in the literature [39, 40].

Despite improved values in the KSS, we detected femoral
stress shielding in one case during radiological follow-up as a
result of the entirely cementless diaphyseal anchoring of the
implant. According to a study by Hackenberg et al., additional
metaphyseal (zone 2) anchoring should be performed in addi-
tion to diaphyseal anchoring to avoid this problem [41].

Our study does have several limitations, not least due to the
small number of cases and the heterogeneity of the patient group
(diagnosed metal and BPO allergy in three patients, and BPO
allergy only in the other three patients), which made it impossible
to distinguish between a metal allergy and a BPO allergy as a
possible underlying cause for a postulated subsequent allergic
loosening. Nevertheless, this retrospective case series is, to our
best knowledge, one of the largest in this thematic field.

The local and temporal association of the regression of
complaints after replacement of the implanted components
with cement-free and nickel-free revision implants makes an
allergic implant intolerance appear likely as a contributing
cause for the patients’ painful endoprosthesis in our cases.
The implantation of a cementless, diaphyseal anchoring, hy-
poallergenic knee endoprosthesis may, thus, possibly be a sur-
gical treatment strategy in patients with painful
endoprostheses and known cement or metal allergies. This
strategy must however be carefully considered in view of the
risk of post-operative stress shielding due to the distal pros-
thetic anchorage of such prostheses. An additional
metaphyseal anchoring could solve this problem.

The case series presented here exemplifies how challeng-
ing it is to evaluate cases in which patients are suspected of
having a hypersensitivity to implant materials after TKA.
Studies to understand the underlying pathomechanisms—in
particular, the cellular interactions in the context of orthopae-
dic implants—should be at the heart of intensified future re-
search efforts. The establishment of valid test protocols that
also take possible metal or polymer allergies into account in
the pre- and post-operative differential diagnosis of a “painful
endoprosthesis” is of particular importance.
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