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ArthroplAsty and anterior cervical discectomy and 
fusion are successful means of relieving cervical 
radiculopathy and arresting the progression of cer-

vical myelopathy.22 Cervical disc arthroplasty emerged in 
the 1960s as an alternative treatment option to fusion.22

Meta-analyses have consistently shown modern ar-
throplasty devices to be comparable or superior to fusion 
overall, with improved neurological outcome, patient sat-
isfaction, dysphagia, range of movement, and reoperation 
rates (6% in arthroplasty vs 12% in discectomy and fu-
sion).21,39,41–45 The literature commonly reports outcomes 
at 1–5 years.8,18 However, there is limited information 
concerning longer-term safety outcomes, durability, and 
device-related failure rates of arthroplasty.27,40

Cervical arthroplasty has a number of distinct compli-

cations. Radiculopathy from compression by inflamma-
tory hyaline cartilaginous material has been observed.7 
Bone loss, delayed heterotopic ossification in the vicinity 
of the arthroplasty, progressive osteolysis of the vertebral 
body by the superior keel of the alloy endplate, and a pos-
terior avulsion fracture of the adjacent vertebral body have 
been reported.16,20,35

The M6-C artificial disc (2006, Spinal Kinetics) has 
been designed to replicate the anatomical, physiological, 
and biomechanical characteristics of a native disc. It in-
corporates a compressible nucleus pulposus with a woven 
fiber annulus fibrosis.30 It is a single-piece device with ti-
tanium alloy endplates and a complex centerpiece com-
posed of a polycarbonate urethane polymeric material, 
surrounded by a polyethylene woven fiber construct.31 A 
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Cervical disc arthroplasty is a treatment option for symptomatic cervical disc disease. There is a paucity of literature on 
long-term safety outcomes, durability, and device-related failure rates. The M6-C artificial cervical disc is a device with 
titanium alloy endplates and a complex polymeric centerpiece. To date, trials have exhibited acceptable safety profiles.
This case series describes the presentation, management, and pathological findings of a delayed prevertebral peripros-
thetic mass anterior to the M6-C disc. Four patients at 3 different institutions underwent cervical disc replacement with 
the M6-C disc. Two to seven years postoperatively, they presented with dysphagia secondary to a compressive mass 
anterior to the disc. Case notes were reviewed to collect data on symptoms, management, and outcomes. The patients 
were systemically well and presented with progressive dysphagia. They had imaging findings of a mass anterior to the 
disc. They underwent a decompressive procedure, with 2 patients undergoing device removal and fusion. In 2 cases, a 
soft-tissue mass was seen intraoperatively, with frank pus. In 3 cases, Propionibacterium acnes was identified and anti-
biotic treatment given. Histopathology demonstrated mixed inflammatory infiltrates with foreign body–type granulomas. 
Postoperatively, the dysphagia resolved.
The development of delayed dysphagia in a patient with an M6-C disc should prompt investigation to identify a mass 
lesion. To the authors’ knowledge, this is the first report of delayed infection, or suspected delayed-type hypersensitiv-
ity reaction, following M6-C disc implantation. It is important for this to be added to the device safety concerns. Further 
prospective studies are needed to establish the incidence and the long-term safety and failure rates of the M6-C disc.
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polymer sheath surrounds the centerpiece, preventing tis-
sue ingrowth and debris entry.44 It incorporates all 6 de-
grees of freedom in its kinematics profile.30

Feasibility trials have exhibited acceptable safety pro-
files, with the absence of serious device-related adverse 
events, surgical reintervention, or radiographic evidence 
of device migration or expulsion following arthroplasty.30

This case series is the first report of delayed failure of 
the M6-C artificial disc due to a mass developing anterior 
to the disc, causing dysphagia and compressive symptoms. 
To what extent this mass is caused by a soft-tissue reaction 
to the implant material or by a bacterial infection is to be 
determined and is discussed below.

Case Reports
Case 1

A 63-year-old man underwent a C4–5 anterior cervical 
discectomy and disc replacement with the M6-C artificial 
disc in April 2013 at institution 1. The patient had an un-
complicated recovery postoperatively. He remained sys-
temically well but in 2017 became increasingly dysphagic. 
In December 2017, a CT scan of the neck with contrast 
revealed a soft-tissue mass anterior to the C4–5 replace-
ment disc with a cervical fluid collection (Fig. 1). He had 
no Modic changes on MRI. Inflammatory markers were 
unremarkable.

The patient underwent removal of the disc and drain-
age of the suspected abscess. Intraoperatively, frank pus 
drained from around the right side of the disc. The M6-C 
disc was intact and not loose. No iliac bone graft or plate 
was used to maximize infection clearance. The patient 
was kept in a Miami J collar for 6 weeks. Flexion and 
extension radiographs obtained 6 weeks postoperatively 
confirmed bony destruction of the endplates, minor loss of 
intervertebral height, with well-preserved alignment and 
no significant slip (Fig. 2). His dysphagia resolved postop-
eratively, and he remains symptom free.

Histopathological examination revealed mixed inflam-
matory infiltrates with abundant neutrophils and fibrin 
deposits. Numerous macrophages with scanty giant cells, 
but no granuloma formation, were seen. The disc-space 
cultures grew Propionibacterium acnes on 16S ribosomal 
RNA (rRNA) molecular sequencing. The patient’s white 
blood cell count and C-reactive protein level remained 
normal. He was treated with 6 weeks of intravenous anti-
biotics as directed by the infectious disease team: 5 days 
of teicoplanin followed by amoxicillin and rifampicin.

Case 2
A 68-year-old man underwent C4–5 and C5–6 anterior 

cervical discectomy and disc replacement with the M6-C 
artificial disc at C5–6 (and a cage at C4–5) in 2010 at in-
stitution 1, following spondylotic radiculopathy. The pa-
tient was followed up every 6 months, as he complained 
of ongoing paresthesia in the C5 and C6 distribution. He 
was otherwise clinically well with normal inflammatory 
markers. In January 2017 he presented with an itchy throat, 
which his general practitioner initially thought was due to 
hay fever. His dysphagia rapidly progressed, prompting 
further investigation initially by the otolaryngology team, 

who did not identify the implant complication, and then by 
the neurosurgery team.

An MRI study obtained in February 2017 revealed a 
prevertebral fluid collection spanning C4–5, contiguous 
with the C5–6 disc space. On reflection, this was evident 
on an MRI scan in 2012 but had significantly increased in 
size. With this time course in mind, it was thought likely 
to be a chronic inflammatory reaction to the disc prosthe-
sis. CT scanning of the cervical spine performed in April 
2017 revealed progressive osteolysis of the vertebral body 
margins adjacent to the disc prosthesis and widening of 
the prevertebral soft tissues secondary to a complex en-
capsulated collection (Fig. 3). He had Modic type 3 chang-
es on preoperative imaging.

In May 2017, the patient underwent implant removal 
and fusion of C4–6 with an iliac crest autologous bone 
graft and anterior plate fixation. The soft-tissue mass was 
identified and partially removed. The patient’s inflamma-
tory markers remained normal, and he was treated with 
2 days of cefuroxime prophylactically. His symptoms re-
solved, and postoperative CT scanning findings were sat-
isfactory, showing a stable fixation (Fig. 4).

Histopathological examination demonstrated moder-
ate chronic active inflammation, with foreign body–type 
granulomas and fibrosis within the connective tissue. Cul-
tures were negative, including for fungal infections and 
acid-fast bacillus. No 16S rRNA molecular sequencing 
was performed.

Case 3
A 51-year-old man underwent a C5–6 and C6–7 an-

terior cervical discectomy and disc replacement with the 
M6-C artificial disc in 2012, following left-sided radicu-
lopathy. This was performed at institution 2.

FIG. 1. Case 1. Contrast-enhanced sagittal CT scan of the neck, show-
ing mass effect anterior to the C4–5 level.
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In 2017, the patient presented with a 4-month history of 
dysphagia to institution 1. This was initially treated as gas-
troesophageal reflux disease with a proton pump inhibitor. 
Symptoms progressively worsened with associated cough-
ing, neck discomfort, and developing respiratory compro-
mise. On examination, he had pain on neck flexion and 
right-sided lateral flexion. He was systemically well, with 
normal inflammatory markers. An ultrasound scan and 
MRI showed a large retropharyngeal collection, anterior 
to the disc replacement, compressing the esophagus and 
other neck structures (Fig. 5).

The patient was admitted for an anterior cervical 
wound exploration in December 2017. On opening of the 
wound, frank pus was seen, and the mass was communi-
cating with the metallic implant. The abscess was drained, 
and the prosthesis was left in situ. Postoperatively, the pa-
tient’s dysphagia resolved and imaging demonstrated a 
residual abnormality (Fig. 5). A decision was made that 
the implant would be removed should the symptoms or 
mass recur.

Histopathology showed areas of granulation tissue, 
with foamy histiocytes, hemosiderin, and flakes of foreign 
body material engulfed by multinucleated giant cells, with 

adjacent scar tissue. The pus at operation was sterile, but 
P. acnes was isolated on 16S rRNA molecular sequenc-
ing. The implant was left in situ, which created difficulties 
with infection eradication. The patient was treated rigor-
ously with amoxicillin intravenously and linezolid for 1 
week, then intravenous ceftriaxone for a further 6 weeks 
(with oral linezolid for 4 weeks), followed by doxycycline 
and rifampicin orally for 12 months, as per the infectious 
disease team.

At 20 months’ follow-up after washout, there has been 
no clinical or radiological recurrence. Imaging findings 
remain stable with no evidence of fusion or bone loss.

Case 4
A 48-year-old man underwent a C5–6 and C6–7 an-

terior cervical discectomy and disc replacement with the 
M6-C artificial disc in June 2014. This operation was done 
at institution 3. In August 2016, the patient developed a 
persistent sore throat, mild dysphagia, and neck swelling. 
By December 2016 he had a sinus formation with pus dis-
charge from the surgical scar. He presented to institution 
2. His inflammatory markers were unremarkable. MRI 
showed a superficial collection with enhancing surgical 
tracks extending deep to the vertebral bodies between 
C5 and C7 and osteomyelitis with extensive inflamma-
tory changes. Posterior to the vertebral bodies there was 
extradural, subligamentous high signal. CT demonstrated 
lucency at the artificial disc endplates. A fistulous connec-
tion between the pharynx and cervical spine was ruled out 
by video fluoroscopy.

Following multidisciplinary team input, the patient un-
derwent a wound exploration and drainage. The decision 
to leave the disc in situ was based on an increased risk 
of surgical complications due to the infection and the un-
known significance of creating a new nidus with further 
metalwork.

Intraoperative tissue culture and 16S rRNA molecular 
sequencing isolated P. acnes. The patient was treated with 
combination antibiotics for an extended course of 1 year. 
He received intravenous benzylpenicillin, clindamycin, 
and ceftriaxone with oral ciprofloxacin, rationalized to in-
travenous ceftriaxone with oral clindamycin, followed by 
oral clindamycin and rifampicin, then clindamycin mono-

FIG. 3. Case 2. Sagittal T2-weighted (A), T1-weighted (B), and STIR MR (C) images, showing prevertebral fluid collection.

FIG. 2. Case 1. Stable flexion (left) and extension (right) radiographs 
obtained 6 weeks postoperatively, showing improved swelling.
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therapy for the remaining 6 months. After experiencing 
continuous discharge from the wound, he additionally un-
derwent hyperbaric oxygen therapy for 40 sessions from 
April 2017.

Follow-up imaging in December 2016 showed im-
proved superficial collection, but no change in the deep 
component, with extensive prevertebral inflammation 
(Fig. 6). At the 32-month follow-up, he has no ongoing 
symptoms, and MRI findings were stable with suspected 
fusion across the device.

Results
To our knowledge, this case series is the first report of 

delayed failure of the M6-C artificial disc due to a mass 
developing anterior to the disc, presenting as dysphagia. A 
summary of the 4 cases can be seen in Table 1.

A total of 145 M6-C discs have been implanted at the 3 
institutions since 2010, with no other revisions or compli-
cations noted. Standard skin preparation techniques and 
antibiotic surgical cover were utilized. The 3 consultant 
neurosurgeons have cumulatively had more than 50 years’ 
experience and have performed approximately 3000 an-
terior cervical spine operations. In addition to the cases 
above, they have seen 2 other delayed infections (one in an 
anterior vertebral cage, which was removed). Treatment 
decisions were made after multidisciplinary team discus-
sion with patient involvement (notably, 2 patients were 
surgeons themselves). The decision to leave the implants 
in situ for cases 3 and 4 was due to the increased risk of 

surgical complications. At 20 and 32 months postopera-
tively, respectively, the patients have no symptoms and 
stable imaging findings.

Discussion
In a retrospective study of the M6-C artificial disc, 24 

of 33 patients experienced dysphagia immediately post-
operatively, and 3 had persistent, sustainable complaints.37 
Late complications included collapse of the underlying 
endplate (n = 2), causing subsidence of the prosthesis and 
requiring reoperation and fusion, and aseptic loosening of 
the prosthesis (n = 1).37 There was no expulsion or me-
chanical failure.37 A further case identified posterior core 
herniation of the M6-C disc 8 years after implantation.6 
A report exists of a cystic mass anterior to a Bryan disc 
(which has a polyurethane center with titanium endplates, 
similar to the M6-C disc), presenting 8 years after sur-
gery.11

In late operative site problems such as our own, there 
is a debate about whether these issues are caused by soft-
tissue reaction to the implant material or due to bacterial 
infection;13,32 they are discussed in turn below.

Soft-Tissue Reaction
Adjacent tissue reaction to metal debris is well docu-

mented, and has been given a variety of names: aseptic 
lymphocytic vasculitis–associated lesions, pseudotumor, 
necrosis, adverse reaction to metal debris, and adverse lo-
cal tissue response.32 Histological examination of failed 
metal-on-metal hip replacements has demonstrated metal-
losis with lymphocytic and plasma-cell infiltration, with 
the formation of soft-tissue pseudotumors.26

Reasons for these occurrences remain speculative. De-
pending on the biomaterial implant properties, there can 
be release and deposition of corrosion and wear debris, 
including metal ions.12,19 Particulate debris or ionic deg-
radation products can form local metal-protein complexes 
and subsequently elicit an acquired immune response as 
seen in a type IV, delayed hypersensitivity reaction.19 A 
toxic effect of metal ions, independent of the immune re-

FIG. 4. Case 2. Postoperative CT scan showing plate fixation.

FIG. 5. Case 3. Preoperative (left) and postoperative (right) sagittal T1-
weighted contrast-enhanced MR images demonstrating retropharyngeal 
fluid collection.
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sponse, can lead to cell necrosis.15 Polymeric debris ap-
pears to be the most common wear by-product in cervical 
disc implants with metal on polymeric articulations, with 
an accompanying inflammatory reaction in surrounding 
host tissue.38 Patient genetics regulate the response to the 
debris.19

There have been a number of cases of abnormal inflam-
matory reactions to metal ions with epidural spinal cord 
compression following spinal arthroplasty.7,12,13 One series 
looks at 4 cases of lymphocytic reactions to the implants, 
requiring disc removal and fusion.12 All patients developed 
axial pain or radicular symptoms 10–18 months postop-
eratively and had a compressive mass lesion on imaging.12 
Intraoperatively, a thick, yellow, avascular soft-tissue mass 
was found epidurally in the lumbar cases, and a gray-
tinged soft-tissue response was seen around the cervical 
case, suggestive of metallosis.12 Pathology revealed fat ne-
crosis, fibrosis, and chronic inflammation dominated by 
lymphocytes, with macrophages and eosinophils. Spec-
troscopy findings of particles rich in chromium, oxygen, 
cobalt, and phosphorus demonstrated that the mass was 
related to the metallic implant rather than infection. In one 
case, like our own, the disc-space cultures grew P. acnes.12

With spinal implants, there is continued load sharing 
between the implants and the fusion mass, which may 
lead to continued stress and subsequently fretting corro-
sion.32 Titanium particulate debris has been shown to elicit 
a cytokine-mediated response favoring proinflammatory 
mediators and increased expression of intracellular tumor 
necrosis factor–α.10,32 The M6-C disc has 2 titanium end-
plates separated by a polymeric core. In our case series, 
intraoperatively, the implants were solidly fixed despite 
erosions around them and the soft-tissue response was 
evident. The mass made dissection more difficult than a 
typical revision procedure.

Bacterial Infection
While acute infection following an anterior cervical 

approach is known to occur in 0%–1% of cases, delayed 
infection is very rare.29 Bacterial infection may be from 
hematogenous seeding of bacteria or intraoperative seed-
ing followed by subclinical quiescent periods.13 Low-viru-
lence skin flora are the main organisms of delayed infec-
tion, with P. acnes, Staphylococcus aureus, and Staphylo-
coccus epidermis being the most cited.13,17,28,34

P. acnes is a slow-growing, gram-positive, pleomorphic, 
diphtheroid-like anaerobic bacillus. It specifically resides 
in pilosebaceous follicles of the skin but can also be found 
in the conjunctiva, oral cavity, and intestinal tract.33 Due 
to the higher prevalence within hair follicles and pores, 
infection is more common in men.33 P. acnes can play 2 
roles: it has proinflammatory properties and can behave 
as a pyogenic bacterium in acute inflammatory reactions.4 
Infections are characteristically delayed and hard to diag-
nose.14 The indolent nature of the infection is illustrated by 
the prolonged duration of symptoms prior to presentation, 
lack of fever, usually normal inflammatory markers, and 
the significant time lapse from previous surgery to presen-
tation (as seen in our series).24 P. acnes has a high affinity 
for deep skin structures.13

P. acnes infection is a well-documented late compli-
cation of instrumented spine surgery, often in the form 
of osteomyelitis or on the prosthesis.4,14,17 The reported 
incidence rates of delayed infections are 0.3%–9.7%, in-
creasing up to 54% in instrumented spinal cases.4,9,17,34 The 
incidence is higher with improved culture techniques, as 
P. acnes requires extended periods of incubation.4 In our 
study, 16S rRNA molecular sequencing was used to iso-
late the organism.

P. acnes can frequently invade the circulatory system 
during tooth brushing but does not pose an immediate risk 
due to the aerobic environment of the blood.1,5,23Avascular, 
anaerobic discs, with a low oxygen tension and low pH, 
provide an ideal environment for anaerobic bacteria to 
multiply.1 With Modic changes in the lumbar spine, organ-
isms can gain access to the disc as a result of neovascular-
ization associated with disc degeneration or herniation.1,2  
Microorganisms are present in extruded nuclear tissue in 
46%–71% of patients with lumbar disc herniations, with 
P. acnes being the most common.1 It is possible that the 
low-virulence P. acnes enters the M6-C disc (for example, 
the pseudoannulus) and gives rise to a slow-developing in-
fection.

Low inoculation during surgery may enable it to reside 
intracellularly and dormant.13 It is unclear why the in-
oculation changes into a clinical infection years later, but 
mechanical irritation, bursa formation, and metal fretting 
corrosion have been postulated as cofactors.7,13

P. acnes forms a biofilm on the prosthesis, necessitating 
a long course of antibiotics.3 Most infections after spinal 

FIG. 6. Case 4. Postoperative sagittal CT (A), T2-weighted MR (B), and STIR (C) images demonstrating stable but extensive 
prevertebral inflammation.
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instrumentation are treated with implant removal plus an-
tibiotic therapy.4 In cases in which removal is not possible, 
treatment with antibiotics alone has been successful.4 The 
risk of relapse is increased with the use of monotherapy 
or treatment for less than 3 months.3,4 Interestingly, stud-
ies have demonstrated that P. acnes forms a denser bio-
film on titanium than on other metals.36 This governed our 
extensive antibiotic regimen in cases 3 and 4, where the 
titanium-based M6-C disc was left in situ.

To our knowledge, this is the first report of suspected 
delayed-type hypersensitivity reaction, or delayed infec-
tion, following M6-C disc insertion. These complications 
occurred in our patients following implantation at 3 differ-
ent institutions. It is important for these events to be added 
to the safety concerns for the device. The development of 
delayed symptoms in a patient with an M6-C disc, with 
no clinical evidence of infection, should prompt further 
investigations to detect a mass.

The cases have been reported to the Healthcare Prod-
ucts Regulatory Agency. We contacted Spinal Kinetics, 
which confirmed (in April 2019) that there have been “a 
very low number of reports of latent and occult P. acnes 
(and limited other species).” These events (including our 
cases) were investigated by the company, which found no 
correlation to specific manufacturing or sterilization lots 
of product.

We are in the process of a single-center retrospective 
cohort study of all patients who underwent anterior cer-
vical disc replacement with the M6-C disc via a screen-
ing questionnaire, asking about neck pain, dysphagia, and 
radiculopathy. Those who are deemed high risk will be 
called in for radiography imaging, a clinic review, and fur-
ther investigation.

There are several limitations to our study. First, it is a 
case series. Second, it is difficult to determine if our report 
demonstrates septic or aseptic failure of the M6-C disc or 
whether these cases are an indolent infection following 
spinal implantation. This difference has important impli-
cations clinically and financially, with potential prolonged 
antibiotic treatment, increased length of stay, and further 
surgeries. There is no practical guide to differentiate be-
tween metal hypersensitivity and infection. Third, com-
parison of the P. acnes strain was inconclusive. Culture 
of intraoperative specimens may present false positives or 
negatives due to cross-contamination or previous antimi-
crobial therapy.15 Further investigations can help with this 
distinction, including patch testing to show the presence of 
an immunological reaction induced by the antigen, mea-
surement of ion levels within the mass lesion, or quantifi-
cation of neutrophil polymorph infiltrate as shown in hip 
revision arthroplasty.25

Conclusions
A prospective, observational study is needed to estab-

lish the incidence of delayed mass formation following 
anterior cervical disc replacement and variation between 
different manufacturers and models. Further investiga-
tion is needed to look at the long-term safety outcomes, 
durability, and rates of failure of the M6-C disc specifi-
cally.TA
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