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Case Report

Carbon Coated Implants as a New Solution for Metal Allergy in
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Abstract
Study Design: Retrospective case report.
Objective: To report the first known case of immunological camouflage of a metal spinal implant with carbon coating.
Summary of Background Data: Metal sensitivity is common and is a consideration when choosing orthopedic implants in susceptible
individuals. The sensitivity often is to nickel, cobalt, or chromium, and titanium is used as a safe alternative. However, when the allergy is
also to titanium, solutions may be much more difficult. This case describes an innovative solution to a complex metal allergy that includes
titanium in a child requiring spinal instrumentation for early-onset scoliosis.
Methods: At age 6 years 7 months, the patient underwent an uncomplicated placement of bilateral posterior Vertical Expandable Prosthetic
Titanium Ribs (VEPTRs; Synthes, Inc., West Chester, PA). At that time, there were no known metal allergies. At 3 weeks, the right side had
become erythematous and had serosanguineous drainage. It briefly improved after each of 2 surgical debridements and a course of
intravenous antibiotics, but within 6 weeks of the index procedure, the pain was still worsening. A titanium allergy was suspected and blood
was sent for allergy testing. A test confirmed hypersensitivity to titanium, niobium, molybdenum, iron, and aluminum, among others. The
remaining rod was removed. An in vivo trial for tolerance to high-grade stainless-steel implants was done. The implant was removed after 2
weeks because of systemic symptoms that occurred.
Results: A plasma-spray, carbon-coated VEPTR rod was designed. A rod sample was inserted into the patient’s forearm for trial. After 3
months, there was no appreciable reaction. Carbon-coated VEPTRs were placed without complications. The patient has undergone multiple
lengthening using the carbon-coated VEPTRs.
Conclusions: In the rare patient with multiple allergies, choosing orthopedic implants can be challenging. An innovative carbon coating
was applied by plasma spray to the VEPTR system, with good results.
� 2014 Scoliosis Research Society.
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Introduction

Metal sensitivity is common and is a consideration
when choosing orthopedic implants in susceptible indi-
viduals [1-3]. The sensitivity often is to nickel, cobalt, or
chromium, and titanium is used as a safe alternative.
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However, when the allergy is also to titanium, solutions
may be much more difficult [4,5]. This report describes an
innovative solution to a complex metal allergy that includes
titanium in a child requiring spinal instrumentation for
early-onset scoliosis. The allergens, diagnostic course, and
surgical solution are reviewed.

Materials and Methods

The patient was born with hypoplastic lungs, scoliosis,
and respiratory difficulties suggestive of syndromic thoracic
insufficiency. He presented to the senior author (JHP) at age
4 years 3 months with scoliosis measuring 47� right thoracic
and 52� left lumbar, kyphosis of 115�, and no neurologic
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Fig 2. Lateral X-ray immediately after initial noncoated Vertical Expand-

able Prosthetic Titanium Rib placement.
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deficits. Consideration was given for Vertical Expandable
Prosthetic Titanium Rib [VEPTR]; Synthes, Inc., West
Chester, PA) placement to allow spinal curve stabilization
and, it was hoped, salvage of pulmonary function. The child
spent much of the next 2 years with gastrojejunostomy tube
surgeries, management of respiratory infections, and cardiac
and pulmonary optimization.

At age 6 years 7months, his pulmonary function had
declined to a forced vital capacity (FVC) of 41% and forced
expiratory volume (FEV1) of 46% compared with pre-
dicted normal for age despite maximal medical therapy. He
underwent an uncomplicated placement of bilateral
posterior VEPTRs (Figs. 1 and 2). At that time, there were
no known metal allergies. Although the wound was clear
and dry at 2-week follow-up, at 3 weeks the right side had
become erythematous and had serosanguineous drainage. It
briefly improved after each of 2 surgical debridements and
a course of intravenous antibiotics, but within 6 weeks of
the index procedure, the pain was still worsening. The
wound remained erythematous; therefore, the right rod
was removed and the patient was placed in a thor-
acolumbosacral orthosis for support. Final wound cultures
were negative.

The wounds healed well and stopped draining, but the
patient continued to have gastrointestinal discomfort and
skin itching initially thought to be related to his history of
multiple gastronomy feeding tube and jejunostomy feeding
tube procedures. Four months after rod placement, the
patient developed worsening chest pain, breathing diffi-
culty, wheezing, and a pruritic eczematous rash, but no
hives or erythema. A titanium allergy was suspected and
Fig. 1. Anteroposterior scoliosis X-ray immediately after initial non-

coated Vertical Expandable Prosthetic Titanium Rib placement.
blood was sent for allergy testing. A Melisa test (Memory
Lymphocyte Immunostimulation Assay; Melisa Diagnos-
tics, Stockholm, Sweden) confirmed hypersensitivity to
titanium, niobium, molybdenum, iron, and aluminum,
among others. This test is an in vitro blood analysis of type
IV T cellemediated delayed hypersensitivity to metals.
Despite some improvement in chest and skin symptoms
with oral steroids, the remaining rod was removed. Chest
symptoms and itching immediately improved. Although
a thoracolumbosacral orthosis was used, the curve wors-
ened to 74� thoracic and 60� lumbar. Kyphosis also
increased. Pulmonary function was 34% FEV1 and 35%
FVC at the age of 7 years 4 months. As an in vivo trial for
tolerance to high-grade stainless-steel implants, a small
portion of a 4.5-mm stainless-steel rod (De Puy Co.,
Raynham, MA) was placed subcutaneously in the forearm.
By 2 weeks postimplant, the skin became pruritic and
erythematous. Asthma attacks increased. The implant was
removed. Systemic symptoms resolved in a few days with
the addition of oral antihistamine medication.

Consideration was given to surgical alternatives while
curve progression and worsening pulmonary function
continued. One of the more critical considerations of a new
implant was the need for durability, hardness, and



Fig. 4. Placement of carbon-coated Vertical Expandable Prosthetic Tita-

nium Rib assembly.
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maximum scratch resistance. The child would need to
undergo multiple procedures over several years. Length-
ening and retightening could cause deep scratches and
release underlying ions and recurrent allergic
manifestations.

Results

With help from company engineers, a plasma-spray
carbon-coated VEPTR rod was designed. A rod sample
was inserted into the patient’s forearm for trial. After 3
months, there was no appreciable reaction. Carbon-coated
VEPTRs (Figs. 3 and 4) were placed without complica-
tion after 2 weeks of preoperative halo gravity traction. A
spine to rib construct was used because of pelvic pain after
the initial surgery. Rubber-tipped instruments were used in
placement to help minimize damage to the coating.

Several revision and lengthening surgeries have been
performed since the index coated implant surgery at age 8.
An intercurrent episode of nephrotic syndrome has been
successfully treated with oral steroids and renal function is
stable. To date, it has been 4 years since placement of the
carbon-coated rods. The patient is essentially symptom-free
except for the first week after each lengthening, when he had
localized itching over the rods and a mild increase in
wheezing, which was controlled with oral antihistamines.
Symptoms resolved after that week. This reaction was
presumed to result from local irritation caused by small
amounts of titanium released at nicks in the coating during
the lengthening.

Since placement of the carbon-coated rods, his pulmo-
nary function has remained stable and the thoracic and
lumbar curves have remained under control (Figs. 5 and 6)
The last pulmonary function tests showed an FEV1 of 36%
and FVC of 35%, 7 years 5 months after insertion of
carbon-coated VEPTRS; these values remained stable
since the surgery. The patient is now 12 years 9 months of
Fig. 3. Plasma-sprayed carbon-coated Vertical Expandable Prosthetic

Titanium Rib system.
age. A formal fusion is planned with carbon-coated
implants in the near future.

Discussion

In some cases of early-onset scoliosis, respiratory
insufficiency may be improved by VEPTRs [6], which
allows controlled expansion of the thorax. A titanium strut
is placed superiorly to a natural rib and inferiorly to a rib,
lumbar spine, or sacral ala. The struts are then periodically
Fig. 5. Posteroanterior radiograph of carbon-coated implants in place,

controlling scoliosis 4 years 10 months after implantation.



Fig. 6. Lateral radiograph of carbon-coated implants in place, controlling

scoliosis 4 years 10 months after implantation.
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lengthened at 6-month intervals via a sliding sleeve and
locking clip to provide longitudinal and radial growth of the
thorax and spine. Waldenhausen et al. [7] used 36 VEPTRs
in 22 patients with thoracic insufficiency, with good results
and decreased carbon dioxide retention. Two of those
patients had Jeune syndrome; 1 needed a revision.

In the general population, contact dermatitis to metal
has a high prevalence. Nickel allergies are most common
and have been documented to be up to 17% in women and
3% in men in the United States. Cobalt and chromium
follow behind, with 1% to 9% allergic response [1,11]. It
has also been shown that patients with contact dermatitis or
a cutaneous allergy may not have the same response to deep
implants of the offending metal. Schuh et al. [2] reviewed
300 consecutive total hip and knee arthroplasty patients.
They found that 13% of patients had an allergic response to
cutaneous testing of the constituent materials or benzoyl
peroxide, but only 1% of total patients had a reaction to the
deep implant. The response included osteolysis, recurrent
effusion, and/or eczema.

Swiontkowski et al. [3] studied the prevalence of metal
sensitivity and conversion after fracture fixation. Skin patch
testing of 493 trauma patients with no previous implants
showed a sensitivity prevalence of 1.3% to nickel, 1.8% to
cobalt, and 0.2% to chromium. Titanium response was not
analyzed. The test was repeated a minimum 30 days after
fixation. Conversion from a negative response to a positive
occurred for 3.8% nickel, 3.8% cobalt, and 2.7% chromium.
Of 56 patients with a patch testepositive response, 41 were
available for at least a 3-month follow-up. No infections and
1 occurrence of broken screws were reported. The authors
did not comment on respiratory or skin manifestations.
Titanium is often used in patients with nickel and cobalt
chrome allergies. In its pure form, it is reported to be inert
in the human body, immune to body fluid attack, and strong
and flexible. However, there are patients such as ours who
adversely react to even these metals. Titanium allergies
have been shown to have 0.6% incidence in dental implant
patients [4]. Symptoms ranging from nonspecific immune
suppression to skin rash and implant failure were described.
Overall, it is difficult to assess the prevalence of true tita-
nium allergy because it is speculated that some of the
reaction may be due to slight nickel impurities in the tita-
nium [8]. A report from Germany recently recorded the
incidence of titanium allergy in dental and other implants
[5]. Removal of the implants was followed by resolution of
symptoms, as in our case, and also reversal of the positive
Melisa test.

Zirconium has also been used in patients with metal
allergies. It is an inert, nonmetal ceramic with excellent
wear and strength properties [9,10]. Studies have shown
improved resistance properties and a significant decrease in
third-body wear compared with cobalt chrome knee
arthroplasty implants [11,12].

In wear simulation tests, Reich et al. [13] showed a 60%
wear rate reduction and a significant decrease in metal ion
release with a proprietary multilayer technique for coating
knee implants for patients allergic to nickel, cobalt, or
chromium. L€utzner et al. [14] proposed a 7-layer zirconium
coating over standard cobalt-chrome total knee implants to
reduce metal ion release. Popoola et al. [15] patented
a method for depositing zirconium onto an orthopedic
implant. Yang et al. [16] analyzed a plasma-spayed zirco-
nium interface to titanium and cobalt-chrome with X-ray
diffraction and scanning electron microscopy, examining
physical characteristics, surface roughness, hardness, and
adhesive strength. Scanning electron microscope analysis
showed a rough, porous, melted interface between the
zirconium and its substrate; acid etching created small gaps
in the interface between the zirconium and titanium.
However, no studies could be found that tested the ability of
zirconium or zirconium-coated spinal rods to withstand the
contouring and lengthening procedures performed in
scoliosis and VEPTR cases. Consideration was given to
using zirconium rods in this case, but implant brittleness
and inability to contour the implant preoperatively were
thought to preclude its use.

Other studies have been done to test surface-coated
implants, but these were for improving surfaceetissue
interface rather than allergen minimization. Gollwiter et al.
[17] tested coronary artery stents coatedwith poly-D,L-lactic
acid for mechanical wear during lengthening in rat and
human cadaver models. The devices tolerated 8% of
lengthening before microcracking and cohesive failure of
the coating. The researchers found that the coating did
not influence T-cell reactivity toward the coating material
(poly-D,L-lactic acid); however, the study was not designed
to test allergic response to the original implant material. That
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biodegradable coating would not provide the time durability
needed for the current authors’ application. A biocompati-
bility study of carbon coating of osteocytes was published
in 2007 [18].

In the rare patient with multiple metal allergies,
including titanium, choosing orthopedic implants can be
challenging. There is a lack of published information on
these cases, particularly with regard to spinal surgery. This
article presents the case of a child with syndromic scoliosis
whose thoracic insufficiency and scoliosis treatment was
complicated by multiple metal allergies. An innovative
carbon coating was applied by plasma spray to the VEPTR
system, with good results after 4.5 years’ follow-up. The
authors believe this to be the first report of carbon-coated
implants used in scoliosis surgery. Further use of carbon
coated implants is planned in this case for definitive
posterior spinal fusion.
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