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Abstract 
Metal hypersensitivity in spinal surgery is an immune-mediated reaction to metal ions released from implants like pedicle screws 
and rods, presenting a notable clinical challenge. Common allergens such as nickel, cobalt, and chromium can trigger delayed- 
type IV hypersensitivity, resulting in pain, inflammation, implant loosening, and the need for revision surgery. Risk factors include 
prior metal exposure through jewelry or implants, as well as comorbidities like diabetes and behaviors like smoking. Diagnosis is 
complex, as symptoms often resemble infection or mechanical failure, necessitating the use of tools like patch testing, lymphocyte 
transformation testing, and histopathological analysis. Management strategies focus on preoperative risk assessment, selection of 
hypoallergenic materials like PEEK or titanium, and revision surgery when hypersensitivity is confirmed. Multidisciplinary colla
boration involving spine surgeons, allergists, and dermatologists is crucial for accurate diagnosis, effective treatment, and 
improved patient outcomes, emphasizing the importance of tailored implant choices and vigilant postoperative care.
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Introduction

Metal hypersensitivity, also known as metal allergy, is an 
immune-mediated reaction that occurs when metal ions released 
from implanted devices trigger a host immune response[1]. These 
reactions can manifest locally at the site of implantation or 
systemically, leading to pain, inflammation, implant loosening, 
and, in some cases, the need for revision surgery[1,2]. In spinal 
surgery, where implants such as pedicle screws, rods, and inter
body cages are routinely used, hypersensitivity presents a poten
tial challenge to achieving long-term surgical success[2,3]. 
Prevalence estimates indicate that metal hypersensitivity affects 

10–15% of the general population, with nickel being the most 
frequent sensitizer, followed by cobalt and chromium[4]. Among 
patients with orthopedic implants in certain studies, metal sen
sitivity rates were 20% in controls without an implant, 48.1% 
with stable implants, and 59.6% with unstable implants, the 
latter referring to loosening or mechanical failure[4]. Data in
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implant selection and vigilant postoperative surveillance.
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spinal surgery are more limited, though pediatric and adult 
cohorts demonstrate measurable rates of both suspected and 
confirmed hypersensitivity, consistent with findings in broader 
orthopedic populations[5]. Registry data from large joint arthro
plasty further support the link between hypersensitivity and 
increased revision rates over time[2].

Risk factors for developing metal hypersensitivity include prior 
exposure to metals through jewelry, occupational contact, or pre
vious implants[4]. Patient-related comorbidities such as diabetes, 
smoking, and osteoporosis contribute to poor outcomes, while 
implant-related factors such as micromotion, wear, and corrosion 
accelerate ion release and potentiate immune responses[2]. 
Furthermore, the clinical relevance is highlighted by reports of 
delayed hypersensitivity reactions occurring weeks to years after 
implantation, often associated with chronic pain, implant loosen
ing, or hardware failure[2,6]. In pediatric populations undergoing 
early-onset scoliosis correction, hypersensitivity, though less fre
quently confirmed, remains a recognized consideration for long- 
term outcomes[5]. Management strategies include preoperative 
screening through patch testing in selected high-risk patients, con
sideration of hypoallergenic implant materials, and multidisciplin
ary evaluation of symptomatic cases[4,7]. Although definitive 
treatment often requires revision surgery with alternative materials, 
preventive measures and careful patient selection remain critical to 
reducing risk[6].

With reliance on metallic implants continuing to grow world
wide, hypersensitivity represents both a clinical and an economic 
burden, driving interest in improved diagnostics and patient-specific 
approaches[2,7]. This review outlines the current understanding and 
management of metal hypersensitivity in spine surgery.

Methods

This narrative review was conducted to summarize the available 
evidence on the mechanisms, diagnosis, and management of 
metal hypersensitivity in spinal surgery.

A structured literature search was performed in PubMed, 
Embase, Scopus, Web of Science, and Google Scholar for English- 
language studies published from 2000 to [final search month/year]. 
Search terms included combinations of “metal hypersensitivity,” 
“metal allergy,” “spine surgery,” “spinal instrumentation,” “patch 
testing,” “lymphocyte transformation test,” and “revision sur
gery.” All records were imported into a reference manager, and 
duplicates were removed. FTA and SK independently screened titles 
and abstracts, followed by full-text review of eligible studies. 
Disagreements were resolved by discussion, with RSM serving as 
a third reviewer when necessary.

Studies were included if they were peer-reviewed, English- 
language articles addressing the mechanisms, diagnosis, or

management of metal hypersensitivity in spinal surgery. 
Eligible designs included case reports, case series, cohort studies, 
systematic reviews, and meta-analyses. Editorials, opinion 
pieces, and irrelevant studies were excluded. Reference lists 
were also screened manually. A total of 210 records were iden
tified, of which 26 studies were included in the final synthesis. 
Among these, 11 case reports were analyzed in detail to char
acterize clinical presentation, diagnostic approaches, and out
comes following revision surgery (Table 1).

Given the limited and heterogeneous nature of the literature, 
evidence was interpreted in three domains: (1) spine-specific 
clinical studies, (2) broader orthopedic implant literature, and 
(3) mechanistic or immunologic studies, with greater weight 
given to spine-specific data. Case reports published from 2013 
onward were prioritized to reflect contemporary implant mate
rials and diagnostic practices.

An overview of the literature search methodology is summar
ized in Table 2.

Pathophysiology and immunological mechanisms

The pathophysiology of metal hypersensitivity in spinal implants 
involves a delayed-type hypersensitivity reaction, classified as 
a type IV immune response, distinct from immediate IgE- 
mediated allergies[8]. Metal ions released from implants, such 
as nickel (Ni2⁺), cobalt (Co2⁺), chromium (Cr3⁺), and titanium act as 
haptens, binding to endogenous proteins to form immunogenic 
complexes[7,8]. These hapten-protein adducts alter self-proteins, 
rendering them antigenic and triggering immune recognition[8]. In 
spinal surgery, where implants endure mechanical stress and micro
motion, corrosion accelerates ion release, with meta-analyses show
ing significant postoperative elevations: chromium (SMD: 2.50, 
95% CI: 1.74–3.26), titanium (SMD: 2.05, 95% CI: 1.41–2.70), 
and cobalt (SMD: 2.28, 95% CI: 1.24–3.32)[9].

The process unfolds in two phases: sensitization and elicitation. 
During sensitization, metal ions penetrate tissues, binding to pro
teins via coordinate bonds (e.g., histidine’s imidazole nitrogen or 
cysteine’s thiol). This activates antigen-presenting cells (APCs) like 
dendritic cells, which mature and migrate to lymph nodes. There, 
they present metal-modified peptides on major histocompatibility 
complex (MHC) class II molecules to naïve CD4⁺ T cells, leading to 
clonal expansion and differentiation into effector and memory 
T cells, including tissue-resident memory T cells (T_RM)[9]. 
Nickel, the most common allergen, activates Toll-like receptor 4 
(TLR4) via primate-specific histidines (H456, H458), inducing 
reactive oxygen species (ROS) and pro-inflammatory cytokines 
like TNF-α, IL-1β, and IL-6[9]. Cobalt and palladium similarly 
engage TLR4, with cobalt activating the NLRP3 inflammasome 
in macrophages[7,9]. In the elicitation phase, re-exposure activates 
memory T cells, recruiting CD4⁺ and CD8⁺ T cells to the site. These

Table 1 
Summary of metal-induced immunological reaction.

Key references Metal Immune mechanism Common outcome

Liu et al; Riedel et al [8,9] Ni2⁺ Activates TLR4 → ROS & cytokines Local dermatitis, osteolysis
Liu et al; Szczęsny et al [7,9] Co2⁺ TLR4 & NLRP3 inflammasome Inflammation, pseudotumor
Liu et al; Riedel et al [8,9] Cr3⁺ Hapten formation → T-cell sensitization ALVAL, hardware loosening
Liu et al; Riedel et al [8,9] Ti Hapten formation, lower immunogenicity Mild inflammation

Nickel (Ni2⁺); Cobalt (Co2⁺); chromium (Cr3⁺); titanium (Ti); toll-like receptor 4 (TLR4); reactive oxygen species (ROS); NLR family pyrin domain containing 3 (NLRP3); aseptic lymphocyte-dominated vasculitis- 
associated lesions (ALVAL).
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produce cytokines such as IFN-γ, IL-17, and IL-4, driving a mixed 
Th1/Th2/Th17 response[9]. Histopathologically, this manifests as 
aseptic lymphocyte-dominated vasculitis-associated lesions 
(ALVAL), with perivascular lymphocytic infiltrates, macrophages, 
and fibrin deposition[9]. In spinal contexts, this leads to osteolysis, 
pseudotumor formation, and hardware loosening, as seen in case 
reports of posterior fusions[6].

Distinguishing hypersensitivity from particle-induced osteo
lysis is key: hypersensitivity is adaptive, T-cell–mediated, and 
ion-specific, while osteolysis is innate, macrophage-driven by 
debris[10]. Cross-reactivity among metals (e.g., Ni and Pd; up to 
95% co-sensitization) complicates matters, with shared TCR 
recognition[9]. Regulatory T cells (CD4⁺CD25⁺) maintain toler
ance in non-allergic individuals, but impairment in hypersensi
tive patients amplifies responses[9]. A summary of metal-induced 
immunological reactions is provided in Table 1, and a schematic 
representation is shown in Fig. 1.

Reported cases of metal hypersensitivity in spinal 
implants

A number of patients with spinal implants have been reported to 
develop metal hypersensitivity reactions[6,11–20]. Reported 
patients are predominantly adults, although ages vary, and 
they have undergone procedures like posterior lumbar decom
pression and fusion (PLDF), total disc replacement (TDR), ante
rior cervical discectomy and fusion (ACDF), and posterior 
cervical or thoracic fixation. Time to presentation varies from 
weeks to several years after implantation, with many cases 
demonstrating delayed onset following an initial asymptomatic 
period. Common clinical features include persistent or recurrent 
pain, neurological symptoms, and dermatologic manifestations 
such as rash or pruritus, with occasional systemic symptoms 
including fatigue or weight loss. Imaging findings are typically 
nonspecific but may demonstrate hardware loosening, osteoly
sis, or soft-tissue inflammation. Notably, routine laboratory 
markers (ESR, CRP, and CBC) are frequently normal, and the 
infectious workup is commonly negative across reported cases.

Patch testing is the most frequently used confirmatory mod
ality, often identifying hypersensitivity to nickel, cobalt, chro
mium, or less commonly, titanium. Lymphocyte transformation 
testing and histopathology are less consistently reported but, 
when performed, may demonstrate lymphocyte-predominant 
inflammation supportive of hypersensitivity. Management

typically involves removal or revision of the offending implants, 
often with replacement using hypoallergenic materials (e.g., pure 
titanium or CF-PEEK), leading to resolution or significant 
improvement of symptoms in most reported cases. This consis
tent pattern of symptom resolution following implant removal 
serves as an important retrospective indicator supporting the 
diagnosis, although it remains based on low-level evidence.

As such, while these reports provide important clinical 
insights, the overall level of evidence remains low and limits 
the generalizability of conclusions. A summary of this section 
is provided in Table 3.

Preoperative evaluation of metal hypersensitivity

Risk stratification

Preoperative risk stratification for metal hypersensitivity in 
spinal surgery is essential to identify patients at elevated risk, 
guide implant selection, and reduce the likelihood of adverse 
reactions or revision procedures[4]. The evaluation begins with 
a thorough clinical history, emphasizing prior exposures to 
metals through jewelry, occupational contact, or previous 
implants[4]. Additional factors, including comorbidities such as 
diabetes, obesity, and smoking, further increase risk by impair
ing immune tolerance and wound healing[2]. Based on these 
considerations, patients may be stratified into low-, moderate-, 
or high-risk categories, which then inform decisions regarding 
preoperative testing and implant choice[2,4]. The summary of this 
section is provided in Figure 2.

Diagnosis

Diagnosing metal hypersensitivity in spinal surgery is challen
ging and often uncertain, as symptoms are nonspecific and over
lap with more common postoperative complications[18]. Patients 
typically present with complaints such as persistent pain, swel
ling, erythema, delayed wound healing, or systemic manifesta
tions including dermatitis and fatigue[6,18]. These symptoms 
may appear weeks to years post-implantation and are particu
larly concerning in spinal cases, where inflammatory reactions 
near neural structures can exacerbate radiculopathy or 
myelopathy[6,12]. A notable case reported by Shang X et al[6]

described a woman who developed recurrent back pain, urinary 
retention, and aseptic loosening three months after lumbar 
fusion; MRI demonstrated a peri-implant “cloud sign,”

Table 2 
Summary of methodology.

Methodology steps Description

Literature search Databases searched included PubMed, EMBASE, Google Scholar, Scopus, and Web of Science. Searches were conducted for published literature.
Inclusion criteria Full-text, peer-reviewed articles published in English. Studies addressing mechanisms, diagnosis, or management of metal hypersensitivity in spinal surgery. 

Study designs: case reports (post-2013), case series, cohort studies, reviews, and meta-analyses.
Exclusion criteria Non-English publications, editorials, opinion pieces, posters, and studies not focused on metal hypersensitivity in spinal procedures or lacking clinical 

relevance.
Search terms “metal hypersensitivity AND spine surgery,” “nickel allergy AND spinal instrumentation,” “cobalt-chrome AND implant reaction,” “patch testing AND spinal 

fusion,” “lymphocyte transformation test AND spinal implants,” “hypoallergenic implants AND spine,” “implant loosening AND metal allergy,” “revision 
surgery AND metal hypersensitivity.”

Additional search 
criteria

Reference lists from selected articles and relevant reviews were manually screened to identify additional eligible studies.

Sample size 
requirement

No strict sample size requirement; studies were selected based on thematic relevance, quality of clinical or diagnostic data, and contribution to understanding 
metal hypersensitivity in spinal surgery.
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highlighting the diagnostic complexity. Much of the mechanistic 
understanding of metal hypersensitivity is derived from immu
nologic and arthroplasty literature rather than spine-specific 
studies, and direct clinical correlation in spinal populations 
remains limited[6,12].

Patch testing remains the most widely used and clinically 
accessible tool for evaluating metal hypersensitivity, detecting 
delayed-type reactions to metals such as nickel, cobalt, and 
chromium[11,13,15,16]. However, its diagnostic accuracy in implant-

related reactions is limited, particularly in reflecting deep peri- 
implant immune responses, and false negatives may occur[21]. 
Lymphocyte transformation testing (LTT) may provide additional 
immunologic insight by assessing lymphocyte reactivity to metal 
antigens, but its availability is limited, results are not standardized 
across laboratories, and clinically relevant thresholds remain poorly 
defined[20,22,23]. LTT may provide additional immunologic insight, 
but its availability is limited, results are not standardized across 
laboratories, and clinical thresholds remain poorly defined.[20,22,23] 

Figure 1. A schematic representation of the pathophysiology of metal hypersensitivity reactions (created with BioRender.com).
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Table 3 
A summary of reported cases and their outcomes.

Author (year)
Patient info & 

surgery type
Preoperative assessment/ 

risk factors Diagnostic workup

Intraoperative 
management/ 
implant choice

Postoperative 
outcome/follow-up

Shang X et al, 2014[6] 52 F, PLDF L4–S1 History of metal sensitivity 
(unable to wear rings or 
watch); no other 
comorbidities

ESR, CRP, CBC normal; X-ray 
showed slightly shifted 
internal fixators; CT showed 
loosening & osteolysis; MRI 
showed soft tissue swelling 
and “cloud sign”; no signs 
of infection.

Removal of 6 loose 
pedicle screws; biopsy 
of granulation tissue 
and bone.

Back pain alleviated after screw 
removal; no infection; gradual 
symptom improvement; 
persistent mild pain initially, 
resolved over follow-up

Fahed Zairi et al, 2013[11] 53 F, Metal-on-Metal 
Lumbar-Sacral TDR

No prior medical history; 
resistant discogenic back 
pain; no reported allergies

MRI showed paravertebral 
mass with artifact; CT 
myelography revealed soft 
tissue mass in canal and 
foramina; conventional 
myelography confirmed 
canal narrowing; CSF 
analysis: high protein and 
lymphocytic pleocytosis; 
patch testing positive for 1% 
cobalt chloride and 
chromium; diagnosis: Type 
IV hypersensitivity reaction

Removal of TDR device; 
circumferential fusion 
performed

Resolution of hypersensitivity 
reaction; systemic metal 
release addressed; 
improvement in neurological 
symptoms post-fusion; details 
on long-term follow-up not 
specified in the report

Saini H., et al, 2021[12] 32 M, T4–T8 posterior 
pedicle screw and 
rod fusion for T5– 
T6 fracture- 
dislocation 
(complete spinal 
cord injury, ASIA A)

Prior thoracic spinal fusion with 
mixed-metal 
instrumentation 
(titanium + small amounts 
of aluminum, vanadium, 
cobalt-chrome); developed 
rash; known hypersensitivity 
suspected

Patch testing positive for cobalt 
(II) chloride 1%, manganese 
(II) chloride 0.5%, chromium 
(III) chloride 2%; no titanium 
sensitivity; skin biopsy: 
spongiotic dermatitis with 
parakeratosis and 
superficial to mid-dermal 
lymphocytic infiltrate; 
muscle biopsy: chronic 
inflammation with 
occasional eosinophils

Removal of prior 
instrumentation; 
replacement with 
commercially pure 
titanium constructs; 
no steroids or 
prolonged antibiotics 
used

Complete resolution of rash 
within 2 weeks post-surgery; 
stable at 6-week follow-up; no 
other complications reported

Jiha Kim, 2020[13] 38-year-old patient, 
prior spinal 
arthrodesis with 
rods and pedicle 
screws ~15 years 
ago; revision 
surgery previously 
performed for 
implant removal

History of prior spinal 
instrumentation; delayed- 
type hypersensitivity 
reaction to nickel confirmed 
by patch test; allergic 
contact dermatitis and 
intractable generalized 
itching refractory to medical 
treatment

Skin patch test positive for 
nickel; radiology showed 
remnant pedicle screw 
fragment at L3

Removal of remnant 
pedicle screw 
fragment

Complete resolution of itching on 
postoperative day 1; skin 
patch test remained positive

Towers WS, 2020[14] 67 F, minimally 
invasive thoracic 
spinal fixation for 
T11 burst fracture 
with posterior 
element disruption

History of unreported nickel 
allergy; severe anorexia and 
fatigue developing 1 month 
post-op; systemic 
symptoms including weight 
loss and muscle/ 
subcutaneous tissue loss

Clinical assessment of 
systemic symptoms; 
suspicion for titanium 
hypersensitivity; no specific 
lab or patch testing reported

Removal of screws and 
rods to prevent skin 
erosion

Rapid weight gain, improved 
stamina, generalized well- 
being following hardware 
removal; systemic symptoms 
resolved

Lagier M, et al, 2015[15] 52 F, total C5–C6 
cervical disc 
arthroplasty (Mobi- 
C, cobalt- 
chromium- 
molybdenum 
prosthesis)

No known prior allergy; 
recurrence of right C6 
cervicobrachial neuralgia 
4 years post-op; 
erythematous itching 
abdominal rash; swallowing 
disorder

Allergy tests: sensitization to 
chromium and nickel sulfate 
(type IV hypersensitivity); 
imaging: CT-myelography 
showed slight osteolytic 
radiolucency, anterior 
heterotopic ossification; 
radiography: prosthesis in 
place; scintigraphy: 
hyperfixation adjacent to 
C5–C6

Removal of disc 
prosthesis; anterior 
heterotopic 
ossification excision; 
PEEK cage fusion 
(ROI-C); bacteriologic 
samples taken (sterile)

Progressive resolution of 
neuralgia, rash, and 
swallowing disorder; no 
infection reported; symptoms 
improved post-revision

(Continues)
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Histopathological findings, such as lymphocyte-predominant 
inflammation or ALVAL-like features, can support the diagnosis 
but are not specific and may overlap with other inflammatory 
processes. Serum metal ion levels may be elevated following spinal 
instrumentation, but lack specificity and do not reliably correlate 
with hypersensitivity reactions[20,22,23].

Imaging serves as an adjunct rather than a confirmatory tool: 
radiographs may demonstrate osteolysis; MRI can show soft- 
tissue edema; and CT may assist in distinguishing inflammation 
from infection[6,9]. Importantly, metal hypersensitivity remains 
a diagnosis of exclusion and should only be considered after 
more common causes of postoperative symptoms, such as infec
tion, mechanical loosening, pseudarthrosis, or adjacent segment 
disease, have been systematically ruled out[6,11,18,22,23].

Diagnostic approaches are largely extrapolated from derma
tologic and orthopedic literature, as spine-specific validation 
studies for patch testing and lymphocyte transformation testing

remain scarce[6,22,23]. A summary of this section is provided in 
Figure 2.

Surgical decision-making

Surgical decision-making hinges on diagnostic certainty. When 
hypersensitivity is confirmed, hardware removal or revision with 
hypoallergenic implants remains the most effective treatment[12]. 
Titanium and polymer-based alternatives, such as PEEK or tanta
lum, are most commonly used in these settings[12]. However, unne
cessary revision carries significant morbidity, including infection 
and instability. In patients with inconclusive findings, conservative 
strategies, such as anti-inflammatory therapy or low-dose naltrex
one, may be trialed before proceeding to revision[24]. Expert con
sensus increasingly favors a multidisciplinary approach that 
weighs risks and benefits, particularly in pediatric populations 
where growth considerations complicate implant selection and

Table 3 

(Continued).

Author (year)
Patient info & 

surgery type
Preoperative assessment/ 

risk factors Diagnostic workup

Intraoperative 
management/ 
implant choice

Postoperative 
outcome/follow-up

Karnoub MA, et al, 
2015[16]

32 F, C5–C6 metal- 
on-metal TDR for 
C6 radiculopathy

No prior medical history; 
20 months pain-free post- 
TDR; recurrence of cervical 
pain and C6 radiculopathy

Radiographs: vertebral body 
shape modification, 
prosthesis protruding; MRI 
distorted by metal artifact; 
CBC and CRP normal; patch 
testing strongly positive for 
chromium and cobalt

Removal of TDR; cervical 
fusion with bone 
graft–filled cage; 
decompression of 
foramina; no metal 
plate used; cervical 
collar for 3 months

Immediate and complete relief of 
cervical pain; uneventful 
postoperative course; 
histology: granulomatous 
reaction with metal wear 
particles; sterile cultures

Shi C, et al, 2023[17] 51 M, ACDF with 
Zero-P titanium 
device

No known allergies; developed 
symptoms 1 month after 
surgery

Symptoms: throat tingling/ 
itching with speech, 
systemic rash, eye 
congestion, dysphagia; anti- 
allergic treatment 
ineffective; patch test 
negative; imaging showed 
solid fusion, no infection

Removal of titanium 
screws and plate of 
Zero-P device

Complete resolution of allergic 
symptoms; no recurrence at 
6-month follow-up

Curley KL, et al, 2020[18] 51 M, ACDF with 
Zero-P titanium 
device

No known allergies; developed 
symptoms 1 month after 
surgery

Symptoms: throat tingling/ 
itching with speech, 
systemic rash, eye 
congestion, dysphagia; anti- 
allergic treatment 
ineffective; patch test 
negative; imaging showed 
solid fusion, no infection

Removal of titanium 
screws and plate of 
Zero-P device

Complete resolution of allergic 
symptoms; no recurrence at 
6-month follow-up

Bueno BT et al, 2022[19] 52 F, vertebral fusion 
with CF-PEEK 
device

No prior allergy history 
reported; hypersensitivity 
symptoms developed 
immediately post-op

Modified cutaneous patch test 
confirmed allergic reaction 
to CF-PEEK

Removal of CF-PEEK 
fusion device

Symptoms largely resolved within 
1 month after implant removal

Aoyama R, et al, 2022[20] 57 F, posterior 
cervical fixation 
C5–C7 with 
titanium alloy 
implant for C6 
fracture

No prior allergy history at time 
of surgery; persistent 
intractable neck pain post- 
op

Patch test & lymphocyte 
transformation test 
confirmed metal allergy; 
initial suspicion dental 
metals → dentures 
replaced but rash persisted; 
later suspected cervical 
implant

Removal of cervical 
titanium alloy implant 
after confirmation of 
stable fusion

Simultaneous improvement of 
plantar skin rash and chronic 
neck pain after implant 
removal; long-term relief 
maintained

ACDF, anterior cervical discectomy and fusion; ASIA, American Spinal Injury Association; C5–C6, cervical vertebra 5 to cervical vertebra 6; C6, cervical vertebra 6; CBC, complete blood count; CF-PEEK, 
carbon fiber-reinforced polyetheretherketone; CRP, C-reactive protein; CSF, cerebrospinal fluid; CT, computed tomography; ESR, erythrocyte sedimentation rate; F, female; L4–S1, lumbar vertebra 4 to sacral 
vertebra 1; M, male; MRI, magnetic resonance imaging; PEEK, polyetheretherketone; PLDF, posterior lumbar decompression and fusion; ROI-C, region of interest cage; TDR, total disc replacement; Ti alloy, 
titanium alloy; X-ray, radiograph/X-ray.
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revision[5]. Ultimately, surgical decision-making benefits from an 
individualized framework in which combined diagnostic methods 
support accurate identification of hypersensitivity, ensuring both 
patient safety and cost-effective management[23].

No single test is definitive, and a combination of clinical 
assessment, imaging, laboratory testing, and histopathology is 
typically required[6,11,18,22,23]. A summary of this section is pro
vided in Figure 2.

Intraoperative management

Once confirmed, the management of metal hypersensitivity fre
quently involves revision surgery to remove allergenic hardware 
and replace it with hypoallergenic alternatives, aiming to alleviate 
symptoms and restore stability[6,18]. Intraoperative strategies during 
revision focus on meticulous hardware removal, tissue assessment, 
and implant substitution. Surgeons begin by exposing the surgical 
site, often encountering scar tissue or granulation tissue that com
plicates dissection[6,12,18].

For instance, in a case of a 41-year-old woman 6 years post- 
anterior lumbar interbody fusion (ALIF), the interbody device was 
found loose amid dense scar tissue, requiring careful mobilization 
to avoid neurovascular injury[18]. The procedure involved extract
ing the nickel-containing implant and replacing it with a PEEK 
interbody, which lacks common allergens, to prevent further 
sensitization[18]. In another reported case, a 52-year-old woman 
with posterior lumbar decompression and fusion (PLDF) devel
oped recurrent low back pain and sciatica months after the initial 
surgery, leading to revision after a diagnosis of metal hypersen
sitivity via tissue histology showing lymphocyte-dominant 
inflammation[6]. Intraoperatively, pedicle screws were notably 
loose, easily removable without resistance, indicating fixation 
failure due to osteolysis and an inflammatory response[6]. No 
pus or necrosis was observed, but granulation tissue around the 
screws was biopsied. The hardware was fully excised, and 
although immediate replacement was not detailed, postoperative 
antibiotic lavage was used prophylactically despite negative cul
tures, highlighting the need to differentiate metal hypersensitivity 
from low-grade infection[6]. Pain relief was significant after 
removal, though residual instability from bone destruction neces
sitated possible further stabilization[6]. A similar approach was 
seen in a 32-year-old man with thoracic fusion who developed 
a rash 2 years postoperatively[12]. Patch testing confirmed cobalt, 
manganese, and chromium sensitivities, prompting revision due to 
incomplete arthrodesis[12]. Intraoperatively, the original titanium- 
alloy hardware (with trace cobalt-chrome content) was removed 
under imaging guidance and replaced with commercially pure 
titanium constructs to eliminate allergens[12]. This minimized the 
risk of reactions, with the rash resolving within weeks.

Across cases, intraoperative considerations include preopera
tive allergy-guided material selection, such as pure titanium or 
PEEK, to avoid cross-reactivity[6,12,17,19]. Blood metal ion levels, 
while not diagnostic for loosening, may inform systemic 
involvement[6]. Challenges like scar adhesion or loose compo
nents demand advanced techniques, including fluoroscopy for 
precise extraction and ensuring spinal stability during the 
transition[6]. Outcomes generally improve, with symptom reso
lution after revisions, though risks of incomplete relief from 
instability persist[6,12,18].

Current management strategies are predominantly informed 
by case-based evidence and extrapolation from arthroplasty 
practice, with limited spine-specific outcome data. A summary 
of this section is provided in Figure 2.

Postoperative management and a multidisciplinary 
medical approach

Postoperative surveillance and symptom management

Following revision spinal surgery for metal hypersensitivity, 
vigilant postoperative surveillance is essential to detect residual 
or recurrent issues and ensure optimal recovery. Patients should 
undergo regular clinical evaluations focusing on persistent or 
recurrent symptoms such as back pain, sciatica, skin rashes, 
edema, or hardware-related complications, such as loosening 
or osteolysis[2,6,18]. Imaging modalities, including X-rays, CT 
scans, and MRI, are crucial for assessing implant stability, iden
tifying fluid collections (e.g., presacral collections), and ruling 
out infection or pseudoarthrosis[2,6,18]. Monitoring metal ion 
levels in serum, particularly for nickel, cobalt, chromium, and 
titanium, is recommended, as elevations can persist above nor
mal for up to 4 years post-revision, although levels decrease 
rapidly initially and are not definitive indicators of failure[2]. 
Patch testing for specific metal allergens should be conducted 
postoperatively if not done pre-revision to confirm sensitization 
and guide future interventions. Histopathological examination 
of tissues from the surgical site, looking for lymphocytic infiltra
tion or chronic inflammation, serves as the gold standard for 
ongoing assessment[11,18].

Symptom management after revision surgery targets residual 
pain, inflammation, and functional limitations stemming from 
prior hypersensitivity[6,13,14]. Analgesics, non-steroidal anti- 
inflammatory drugs, and targeted physical therapy form the 
cornerstone, addressing low back pain and sciatica that may 
linger due to lumbar instability or endplate damage[6]. In cases 
of suspected ongoing inflammation, short courses of corticoster
oids can mitigate eczematous dermatitis or perivascular lympho
cytic infiltrates as observed on pathology[6,13,14]. A summary of 
this section is shown in Figure 3.

Multidisciplinary coordination

A multidisciplinary approach is pivotal for effective manage
ment, integrating expertise from neurosurgeons, allergists, der
matologists, pathologists, and orthopedic specialists[12–14]. 
Coordination begins with shared diagnostic protocols, includ
ing patch testing for metals, such as nickel and cobalt, and 
intraoperative biopsies evaluating lymphocytic patterns that 
hypersensitivity[12–14]. Surgeons lead revision procedures, 
selecting alternative implants (e.g., PEEK or titanium) based 
on allergy profiles, while allergists interpret tests and recommend 
avoidance strategies. Dermatologists manage cutaneous manifes
tations, such as spongiotic dermatitis, through topical treatments. 
Pathologists provide histopathological insights, distinguishing 
allergy from infection based on the presence of eosinophils or 
chronic inflammation[12–14]. This team collaborates on ruling out 
differentials such as aseptic loosening through imaging and 
laboratory studies. Regular multidisciplinary meetings facilitate 
case reviews, especially for complex presentations such as
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Figure 2. A schematic representation of the preoperative evaluation and intraoperative management of metal hypersensitivity (created with BioRender.com).
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abdominal pain or food intolerance linked to hypersensitivity. 
Patient-centered care involves educating patients on symptom 
monitoring and coordinating follow-ups, ensuring seamless

transitions between specialties to prevent delays in intervention 
and optimize outcomes in this underreported complication[12–14]. 
The summary of this section is provided in Figure 4.

Figure 3. A schematic representation of postoperative surveillance and symptom management for metal hypersensitivity (created with BioRender.com).

Figure 4. A schematic representation of the multidisciplinary coordination of metal hypersensitivity (created with BioRender.com).
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Future directions

Standardized diagnostics

To ensure effective management and prevention of metal hyper
sensitivity in spinal surgery, future research should prioritize the 
development of standardized diagnostic protocols that integrate 
clinical history, dermatologic testing, and histopathological 
criteria[23]. Longitudinal registry-based studies and large-scale 
prospective efforts are needed to define the true incidence of 
metal hypersensitivity, establish patient-specific risk factors, 
quantify associations with revision rates, and guide implant 
surveillance strategies[25,26]. These efforts should also define the 
appropriate role and interpretation of patch testing, LTT, and 
histopathological evaluation, while exploring emerging biomar
kers and advanced imaging modalities that may improve diag
nostic accuracy[27].

Biomaterial innovation and immunomodulation

Advances in biomaterials hold significant potential to mitigate 
hypersensitivity risk. Emerging options such as ceramic coatings, 
polymer composites, and surface-modified titanium alloys should 
be rigorously tested for safety, durability, and immunological 
compatibility[6]. PEEK and ceramic-coated implants have already 
shown promise in case reports, but broader evaluation in spine- 
specific populations is critical before widespread adoption[6,12,19]. 
Future studies should directly compare these materials with tita
nium alloys and other hypoallergenic implants to determine their 
relative effectiveness in reducing hypersensitivity reactions while 
maintaining favorable clinical outcomes[27].

Precision medicine approaches, including genetic and immuno
logical profiling, may one day enable preoperative identification 
of patients at high risk for hypersensitivity, guided by immuno
pathological insights from studies describing ALVAL[22]. Non- 
surgical immunomodulatory therapies, such as corticosteroids or 
experimental agents like low-dose naltrexone, warrant further 
investigation to assess whether symptom control can be achieved 
without immediate revision surgery[4].

Long-term and multidisciplinary care

Finally, long-term care models must extend beyond surgical revi
sion to encompass holistic patient monitoring and multidisciplinary 
collaboration. Coordinated care among spine surgeons, allergists, 
dermatologists, and pathologists has the potential to enhance diag
nostic accuracy, reduce unnecessary revisions, and improve long- 
term quality of life for affected patients[26]. These collaborations 
can be further strengthened through standardized referral path
ways and spine-focused multidisciplinary clinics, providing a fra
mework for coordinated patient care and collaborative research[27].

Conclusion

Metal hypersensitivity is an uncommon but clinically important 
complication in spinal surgery that may lead to pain, implant 
loosening, and revision surgery. It is driven by a delayed immune 
response to metal ions such as nickel, cobalt, and chromium. 
Diagnosis remains challenging because its presentation often 
mimics infection or mechanical failure, and adjunctive tests 
such as patch testing and lymphocyte transformation testing 
are frequently used. Some patients experience improvement

after revision to hypoallergenic implants, including PEEK or 
ceramic-coated devices, although such procedures carry inherent 
risks. Nevertheless, the current evidence base is limited, hetero
geneous, and largely derived from case reports and extrapolated 
from the orthopedic literature. Consequently, many recommen
dations are founded on low-level evidence, emphasizing the need 
for prospective spine-specific studies to better establish diagnos
tic accuracy and optimize management strategies.
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