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Case Report
Suspected Metal Allergy and Femoral Loosening After Total Knee
Arthroplasty: A Diagnostic Dilemma
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Metal sensitivity is increasingly prevalent and is associated with negative outcomes after total knee
arthroplasty (TKA). Currently, there is no consensus on diagnostic criteria for TKA failure from immune
reaction. We present a patient who had pain and aseptic effusion 2 years after TKA. Radiographs were
concerning femoral loosening. Lymphocyte transformation testing showed nickel sensitivity. During
revision surgery, the femoral component was loose. The histologic aseptic lymphocyte-dominated
vasculitis-associated lesion score was 4 with elevated CD4þ lymphocytes, consistent with sensitiza-
tion. Nickel-free revision implants were used. One year after surgery, the patient is symptom-free. This
case has features suggestive of an immune reaction, with femoral loosening, and is illustrative of the
diagnostic dilemma. Using a hypoallergenic knee eliminates future concern for nickel sensitivity.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Total knee arthroplasty (TKA) can provide pain relief and
improve function in most patients with knee arthritis [1]. However,
up to 20% of patients are dissatisfied after TKA, most commonly
because of persistent pain and/or stiffness [2,3]. An allergic reaction
to metal is a potential cause of TKA failure; however, controversy
exists regarding diagnosis. In the study by Hallab et al, 25-60% of
patients with well-functioning total hip arthroplasty or TKA had
positive skin patch testing (SPT) for metal allergy [4,5]. Although
patient-reported allergies, including patient-reported metal al-
lergies, have been identified as negative prognostic indicators,
there are currently no objective measures that have been shown to
diagnose an immune reaction to a prosthetic joint or predict out-
comes in patients with metal sensitivity [6,7].

Patients with a suspected allergic reaction after TKA may pre-
sent with an eczematous dermatitis or persistent painful synovitis,
effusion, and stiffness [7]. Symptoms typically present 2 months to
2 years after TKA and are more common in females [8]. Other
causes for these symptoms such as infection, inflammatory
ics, Washington University in
7216, USA. Tel.: þ1-503-261-

r Inc. on behalf of The American As
by-nc-nd/4.0/).
arthropathy, gout, component malposition, excessive polyethylene
wear, subtle instability, and aseptic loosening must be ruled out as
an allergic reaction to the implant is currently a diagnosis of
exclusion.

In patients with suspected metal allergy, SPT and/or lymphocyte
transformation testing (LTT) can be performed; however, SPT has
no prognostic utility in joint arthroplasty, and the results of LTT are
not correlated to periprosthetic tissue reactions or revision out-
comes [5,9].

We present a case of a patient with chronic pain and effusion
after TKA who had mixed findings of an allergic reaction and
femoral loosening.
Case history

A 75-year-old male presented in February 2019 complaining of
left knee pain and effusion after primary left TKA for osteoarthritis
(March 2017). His history was significant for hypertension. He re-
ported no known allergies and no history of cutaneous reactions to
metals.

There were no wound healing problems after surgery. However,
the patient described an erythematous, maculopapular rash on his
anterior tibia, which was present for 6 weeks after surgery and
resolved after application of a topical steroid. He also reported a
knee effusion immediately after surgery, which was initially
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http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:eglieberman@gmail.com
www.sciencedirect.com/science/journal/23523441
http://www.arthroplastytoday.org/
https://doi.org/10.1016/j.artd.2020.11.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.artd.2020.11.002
https://doi.org/10.1016/j.artd.2020.11.002


Figure 1. Anteroposterior radiograph of the left knee from post op (3/14/17) and 2 year follow up (2/5/19) after primary total knee arthroplasty.

Figure 2. Lateral radiograph of the left knee from post op (3/14/17) and 2 year follow up (2/5/19) after primary total knee arthroplasty.
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Figure 4. Anteroposterior alignment radiograph.
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attributed to postoperative hematoma secondary to anti-
coagulation. In the 2 years after surgery, symptoms included pain,
stiffness, persistent effusion, and swelling, which were refractory to
over-the-counter analgesics, activity modification, and physical
therapy. He denied fevers, chills, or systemic infections.

The patientwas healthy appearingwith a bodymass indexof 20.6.
He walked unassisted with a slightly antalgic gait. The surgical inci-
sionwas well healed. There was a large effusion and tenderness with
palpation at the medial and lateral joint lines. His range of motion
was 0-100 degrees of flexion. The knee was stable to varus, valgus,
and anterior-posterior stress, and there were no signs of midflexion
instability. There were no motor, sensory, or vascular deficits.

Preoperative radiographs demonstrated varus alignment with
advanced medial and patellofemoral degeneration. Initial post-
operative images showed slight varus mechanical alignment of a
cemented total knee with a cruciate-substituting, cobalt-chro-
mium-molybdenum-nickel femoral component and a titanium
alloy tibial component. At 2 years postoperatively, the lateral
radiograph showed radiolucent lines at the anterior and posterior
bone-implant interfaces of the cobalt-chromium-molybdenum-
nickel femoral component, suspicious for implant loosening. The
titanium tibial component appeared well fixed, and there was no
evidence of abnormal polyethylene wear. Slight lateral tracking of
the patella was seen on the sunrise view (Figs. 1-4).

The knee was aspirated, and 15 mL of red and cloudy synovial
fluid was sent for analysis. Synovial fluid C-reactive protein was 1.2
mg/L, and alpha defensins negative. The red cell count was 23,812/
mm3, and white cell count was 339/mcL (normal 0-149/mcL), with
32% neutrophils (normal 0-24%), 35% lymphocytes (normal 0-74%),
31% monocytes (normal 0-69%), and 2% eosinophils (normal 0%).
LTT of the patient’s blood was moderately positive for nickel and
nonreactive to other metals and bone cement. The white blood
count was 6.1, erythrocyte sedimentation rate was 15 (normal 1-
20), and C-reactive protein was 3.9 (normal <10).

At revision surgery, 50mL of blood-tinged synovial fluid was sent
for analysis and culture. Periprosthetic tissue was normal in color,
vascular, and healthy appearing. A specimen adjacent to the femoral
component was sent for histology. The femoral component was
loose and easily removed. The tibial component was well fixed and
successfully removed. Both components were revised using stem-
med, posterior-stabilized hypoallergenic implants (Fig. 5). There
were no complications, and his postoperative coursewas uneventful.

Cultures were held for 14 days; there was no bacterial, acid-fast
bacilli, or fungal growth. A musculoskeletal pathologist described
the gross tissue as an “aggregate of tan-white rubbery fibrous tissue.”
Microscopic examination showed “very scant predominantly peri-
vascular lymphocytic infiltrate.” The specimen was graded by an in-
dependent pathologist according to the 10-point aseptic lymphocyte-
dominated vasculitis-associated lesion (ALVAL) grading system [9].
The ALVAL score was 4 (synovial lining, 1; inflammatory infiltrate, 2;
tissue organization, 1), which is considered low. Single-antibody
Figure 3. Sunrise radiograph from 2 year follow up (2
stains performed for CD4 and CD8 lymphocyte subsets showed a
predominance of CD4-positive lymphocytes compared with CD8
lymphocytes (1.4 CD4þ/CD8þ, Fig. 6).
/5/19) after primary left total knee arthroplasty.



Figure 5. Anteroposterior and lateral radiographs following revision surgery.
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At 6-month follow-up, the patient reported improvement in
knee pain, function, and satisfaction and at 1-year follow-up, he
reported no pain or other symptoms. His gait was normal, and the
effusion resolved. His Knee Society Score improved from 70 pre-
operatively to 87 at 1 year postoperatively. The patient was
informed that data concerning the case would be submitted for
publication and provided consent.
Figure 6. Tissue samples stained with hematoxylin
Discussion

This case illustrates an approach to diagnosing and managing a
patient with a potential allergic reaction to TKA (Fig. 7). As illus-
trated by our inconclusive findings, metal allergy causing poor
clinical results remains a diagnosis of exclusion. Any patient with a
painful, stiff, or otherwise unsatisfactory TKA should be worked up
and eosin (H&E) and CD4, CD8 specific stains.



Figure 7. Algorithm for workup and diagnosis when metal allergy is suspected.
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for infection. Absence of infection and mechanical factors such as
loosening, misalignment, soft-tissue imbalance, and extensor
mechanism dysfunction may be the cause of poor clinical results.

Preoperative studies including LTT and synovial fluid analysis
may increase suspicion of an allergic reaction but are not diag-
nostic. Periprosthetic tissue analyses, including ALVAL scoring and
staining for lymphocyte subsets, may support an immune reaction
but have not shown sufficient sensitivity and specificity to be
diagnostic. Available evidence for an allergic reaction should be
weighed against other explanations for symptoms on an individual
basis.

There was no evidence of infection in this case. Features sug-
gesting allergic reaction to metal included a transient rash,
persistent aseptic effusion with an elevated cell count, LTT positive
for Ni, increased periprosthetic CD4þ lymphocytes, and improve-
ment after revision with hypoallergenic implants. On the other
hand, there was no history of cutaneous metal allergy, and the skin
rash resolved while the original implants were in situ. In addition,
males with unexplained joint pain after total joint arthroplasty
exhibit lower rates and severity of sensitivity to implant metals
compared with females [10]. Furthermore, LTT has not been shown
to predict TKA outcomes [9].

A mechanical explanation was also considered. The knee was
aligned inmechanical varus, which is associatedwith increased risk
of failure [11]. Two-year radiographs demonstrated lucencies at
femoral implant-bone interfaces, consistent with loosening. In
addition, the sunrise view demonstrated slightly lateral patellar
tracking, and the effusion was bloody. However, the histology did
not show evidence of particulates and macrophages, the so-called
cement disease. Revision with hypoallergenic implants led to res-
olution of this patient’s symptoms. However, the varus alignment
and loose component were also addressed. Patients with stiff and
painful total knees can achieve similar clinical improvement as this
case when revised with conventional cobalt-chromiumebased
components (Ni containing) [12].

Periprosthetic tissue analyses did not provide strong evidence
for loosening, nor an immune reaction. An ALVAL score of 4 is
considered low and not representing a hypersensitivity reaction
[13]. Only one tissue sample was obtained, so characteristics of
tissue from other locations are unknown. The increased number of
CD4þ lymphocytes is consistent with nickel sensitization that may
contribute to poor clinical results but has not been associated with
loosening [14]. Additional research is needed on the role of
lymphocyte subsets in TKA outcomes.

Femoral component loosening is less common than tibial
component loosening. In this case, the tibial component was tita-
nium alloy. Only the femoral component contained Ni, increasing
consideration of immune reactions as the cause of femoral
loosening [4]. The critical management decision in cases with
suspected allergic reaction to metal is whether to use hypoaller-
genic implants. On average, the cost of hypoallergenic revision
implants is about 37% higher than conventional (Co, Cr, Mo, Ni
containing) implants [9]. This case had some preoperative evidence
suggestive of allergic reactions and some evidence for mechanical
failure. We used hypoallergenic implants in the revision surgery.
However, femoral loosening may have been purelymechanical, and
the same improvement may have been achieved after revisionwith
conventional implants. The use of a hypoallergenic knee in this
scenario eliminates the concern that any future symptoms are due
to nickel sensitivity.
Summary

As metal sensitization becomes more common because of
increasing environmental exposure, such decision-making will be
more common. This case report demonstrates an approach for
assessing allergic reaction to metal and illustrates many of the
considerations and difficulty in diagnosing immune failure. In this
case, the patient had evidence of nickel sensitivity from the LTT and
elevated CD4þ lymphocytes; however, the ALVAL score was within
normal limits, and the femoral component was loose. There is no
consensus on the diagnostic criteria for immune failure of a TKA.
Absence of a validated test for immune failure of a TKA, diagnostic
criteria similar to what have been established for prosthetic joint
infection, would be helpful.
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