JOURNAL OF BIOLOGICAL REGULATORS & HOMEOSTATIC AGENTS

LETTER TO THE EDITOR

Vol. 35, no. 2, 791-795 (2021)

Custom-made cementless revision total knee arthroplasty in a patient with metal and bone
cement hypersensitivity

N. Logoluso', R. Ciliberto*, I. Morelli**, G.M. Peretti** and A.V. Pellegrini'*

'IRCCS Istituto Ortopedico Galeazzi, Centre for Reconstructive Surgery and Osteoarticular
Infections (C.R.1.O. Unit), Milan, Italy,; *University of Milan, Residency Program in Orthopaedics
and Traumatology, Milan, Italy, *U.O.C. Ortopedia e Traumatologia, ASST Ovest Milanese,
Ospedale di Legnano, Legnano (M), Italy, *Department of Biomedical Sciences for Health,
University of Milan, Milan, Italy, ’IRCCS Istituto Ortopedico Galeazzi, EUORR Unit, Milan, Italy

Received December 7, 2020 — Accepted April 13,2021

*Equally contributed and share the position as first author

#Equally contributed and share the position as senior author

To the Editor,

Total knee arthroplasty (TKA) is the gold standard
to treat end-stage knee osteoarthritis, with excellent
long-term functional outcomes, but along with the
increasing demand for this procedure, the number
of revision total knee arthroplasties (RTKA) is
rising (1). The most common causes of TKA failure
are infection, aseptic loosening, periprosthetic
fractures, implant instability, patellar maltracking
and residual pain (2). Hypersensitivity to metals and
polymethylmethacrylate (PMMA) bone cement has
been reported in patients undergoing RTKA without
other evident reasons, such as possible uncommon
cause of pain, but its role as causative factor or
consequence of a TKA loosening is still debated
(3-6). Nevertheless, RTKA with hypoallergenic
components is required in these cases (4). We herein
report the first case of a 74-year old patient who had
an aseptic loosening of TKA with bone cement and
metal hypersensitivity, treated with RTKA using a

custom-made hypoallergenic cementless condylar-
constrained implant. This report has been written
according with the CARE guidelines for case
reports. The patient gave his informed consent to use
his anonymized clinical data for scientific purposes.

Clinical case

A 74-year old male who had undergone a TKA on
the left knee in 2012 for end-stage knee osteoarthritis,
came to our department in July 2018 presenting left
knee pain, major instability, and impossibility to
weight-bearing. The symptoms had started six months
after the left TKA procedure. During consultation,
clinical examination revealed an antalgic gait with
limping, 10° varus alignment and 10° fixed flexion
contracture of the left knee. Diffuse skin rashes had
appeared after TKA surgery, and edema were also
seen around the knee. Range of motion was 10° to
90°. In addition, there were clinical signs of moderate
laxity of the medial collateral ligament. The patient’s
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Table 1. Panel of the haptens tested through skin patch test.

Hapten Patch test | Hapten Patch test
positivity at positivity at
72 h 72 h

Benzoyl peroxide - Mercaptobenzothiazole Mix -
Bisphenol A-glycidyl methacrylate - 2-mercaptobenzothiazole -
1,4 Butandiol diacrylate - Molybdenum -
Butylacrylate +-- Methyl methacrylate -
Butyl methacrylate +-- Pyrogallol -
Carba mix - Paraphenylenediamine Mix -
Dibutyl phthalate - Resorcin -
Diethyl phthalate - Tetraethylene glycol dimethacrylate -
N,N-dimethyl P-toluidine - Thiuram mix -
Di-N-Octyl phthalate - Tricresyl phosphate -
1,6-Hexanediol diacrylate - Triethylene glycol dimethacrylate -
Ethyl acrylate - Triphenyl phosphate -
Ethyl methacrylate - Trimethylolpropane triacrylate -
Ethylene glycol dimethacrylate - Diurethane dimethacrylate -
2-ethylhexyl acrylate - Titanium dioxide -
Hydrazine hydrate - Potassium dichromate -
Hydroquinone monobenzyl ether - Cobalt(II) chloride hexahydrate +--
2-hydroxyethylmethacrylate - Nickel(II) sulfate hexahydrate -
Hydroxypropyl methacrylate - Aluminium chloride -
Isobutyl acrylate +-- Chromium(IIT) chloride -

Fig. 1. Preoperative X-rays showing TKA loosening.

medical history was positive for asthma and restless
leg syndrome. Patient-reported outcomes (PROs) on
knee function revealed very low scores (WOMAC
76%, Oxford Knee Score 9/48). Knee Injury and
Osteoarthritis Outcome Score (KOOS) resulted:
symptoms 35.71%, pain 27.78%, daily function
23.53%, sport-related function 0%, quality of life
6.25%. SF-36 questionnaire showed very low results
in the physical, emotional and social areas.

Plain radiographs revealed a severe loosening of
the tibial tray with massive bone resorption involving
the tibial metaphysis. The distal femur showed also
diffuse radiolucency at the bone-implant interface
(Fig. 1). The periprosthetic bone loss was classified
as type 2a according to the Anderson Orthopaedic
Research Institute (AORI) (Fig. 2). Computed
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Fig. 2. The periprosthetic bone loss.

Fig. 3. 3D custom-made cementless condylar-constrained
implant with meta-diaphyseal fixation (Adlerortho S.p.A,
Cormano, Milano, Italy) (E). The femoral component
was made of a zirconium alloy (97.5% zirconium- 2.5%
niobium) (A) with a titanium metaphyseal sleeve (B) and
a femoral stem that allowed for meta-diaphyseal fixation.
Titanium tibial tray with a 5 mm medial wedge (C) was
used to address the bone loss, and a metaphyseal sleeve
(D) with a short stem was chosen to guarantee bone
fixation and ingrowth.

Tomography (CT) scans indicated a diffuse area of
osteolysis around the implant, which was completely
loosened, and a fluid collection of 5 x 3 c¢m in the
subquadricipital recess.

Periprosthetic joint infections were excluded
according to the Musculoskeletal Infection Society
criteria (7). A complete laboratory workup was
made, including: complete blood count with white
blood cells 7.4 x 10%L (reference value 5-10 x
10°/L), normal eosinophil count, C-reactive protein
1.2 mg/L (reference range, 0-10 mg/L), erythrocyte
sedimentation rate 30 mm/h, and negative cultures
and biochemical analysis of the synovial fluid. Blood
exams were repeated preoperatively with similar
results. Bone scans (three-phase scintigraphy)
revealed an abnormally high uptake of the radiotracer
around the medial tibial tray and medial femoral
condyle, and *"Tc-HMPAO-labeled leukocyte
scintigraphy excluded a possible infectious etiology.

Due to the local presence of skin rashes,
hypersensitivity to implant components was
suspected. The patient underwent Patch testing,
focused on the most common allergens contained
in orthopaedic implants and cement (Table I). Patch
testing was moderately positive to butylacrylate,
butyl methacrylate, isobutyl acrylate, and cobalt (II)
chloride hexahydrate. Subsequently, a diagnosis of
TKA aseptic loosening with acrylates and cobalt
hypersensitivity was made.

After meticulous preoperative planning, an
RTKA was performed. Both the components of the
prosthesis were loose. Five samples of periprosthetic
tissue were sent for both cultural and histological
examination (less than five neutrophils per high-
power field; presence of chronic inflammation
and foreign body giant cell reaction). Given the
bone loss and the double hypersensitivity issue,
a hypoallergenic 3D custom-made cementless
condylar-constrained implant with meta-diaphyseal
fixation (Adlerortho S.p.A, Cormano, Milano, Italy)
was chosen. The femoral component was made of a
zirconium alloy (97.5% zirconium, 2.5% niobium)
with a titanium metaphyseal sleeve and a femoral
stem that allowed for meta-diaphyseal fixation
(Fig. 3). On the tibial side, a titanium tibial tray
with a 5 mm medial wedge was used to address the
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bone loss, and a metaphyseal sleeve with a short
stem was chosen to guarantee bone fixation and
ingrowth. Implant surfaces facing the bone were
coated with an antibacterial hydrogel loaded with
Vancomycin 500 mg and Meropenem 500 mg at 5%
dilution (Defensive Antibacterial Coating — DAC®,
Novagenit S.R.L, Mezzolombardo, Trento, Italy)
just before implantation. At the end of the surgery,
the implant was stable.

Postoperatively, plain radiographs were
performed and confirmed the correct alignment.
For the first six weeks after surgery, the patient
was instructed to walk with partial weight-bearing.
He completed the rehabilitation process without
problems. At 1-year follow-up he could walk with
full bearing and no pain, range of motion was
0°-110° and there were no radiological signs of
osteolysis around the implant (Fig. 4). The skin
rashes around the knee had fully disappeared. We
observed an improvement in all the SF-36 items,
especially in the physical and social areas, as well
as in all the knee PROs (WOMAC 42.7%, Oxford
Knee Score 33/48, KOOS: symptoms 67.86%,
pain 69.44%, daily function 70.59%, sport-related
function 30%, quality of life 31.25%). The patient
himself said to be very satisfied with the surgery.

Fig. 4. I-year follow-up X-rays showing no signs of implant
loosening.

DISCUSSION

To our knowledge, this is the second case in the
English literature of aseptic TKA loosening associated
with hypersensitivity to both acrylates and cobalt,
and the first treated with a custom-made cementless
hypoallergenic RTKA to face this uncommon double
issue. Stathopoulos et al. reported a case of a patient
who had an aseptic loosening with hypersensitivity
to metals and bone cement components treated
successfully with a hypoallergenic implant fixated with
a cement to which the patient was not sensitized (5).

Allergy-related implant failure is an exclusion
diagnosis. Skin patch testing is useful, inexpensive,
and represents the first line diagnostic test, but
the response may vary from subject to subject
and the overall sensitivity reported for acrylates
is only 46.2-61.5% (4, 8). Other promising tests,
such as the Lymphocyte Transformation Test
(LTT), the Leukocyte Migration Inhibition test
and the Memory Lymphocyte Immunostimulation
Assay (MELISA), are not yet routinely available
in several hospitals (4). Recently, Saccomanno et
al. proposed an algorithm to guide diagnosis and
implant choice in case of hypersensitivity (9). In
our case, MELISA and LTT were not performed, as
they are not available at our institution.

Nowadays, two options mainly exist for RTKA
in case of metal hypersensitivity: cobalt-chrome
implants, coated with inert substances, and revision
systems with an oxidized zirconium femoral
component and titanium tibial tray and stem (4,
10). Regarding hypersensitivity to bone cement,
cementless replacements should be considered
(10). Modern knee revision systems include osseo-
integrative metal sleeves with a specially structured
surface supporting bone ingrowth and enhancing
durable stable fixation by a cementless technique.
The femoral and tibial implants can be placed
independently of where the sleeve is placed, so
that the sleeve itself could be rotated to the best
bone stock, and the components to the appropriate
orientation (11). These implants showed up to
98% survival rate after 5 years (12). We opted for
a 3D-customized condylar-constrained implant
with meta-diaphyseal cementless fixation through
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sleeves. Results were very satisfying after 1 year,
although a longer follow-up is needed to test the
long-term implant stability.
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