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ABSTRACT
Arthroplasty is an established treatment for single and multiple level cervical disc 
disease. Multiple contiguous arthroplasties introduce unique changes in spinal kine-
matics that warrant study independent of single-level surgery. The literature regarding 
the biomechanics, indications, outcomes and complications specific to multiple level 
arthroplasties was reviewed. Appropriate application of this technology has been 
shown to be a safe and potentially advantageous alternative to arthrodesis.

INTRODUCTION
Cervical disc arthroplasty (CDA) is an alternative to anterior cervical discectomy and 
fusion (ACDF) for the treatment of cervical disc disease. Developed with the intention 
of preserving or restoring motion of a degenerated disc, CDA has been proposed to 
reduce rates of adjacent segment degeneration and disease.1-4

A single-level ACDF reduces the cervical range of motion approximately 7 degrees, 
while CDA preserves or may even increase motion at that segment.5-10 The benefit 
of replicating physiologic motion to prevent adjacent segment disease has been the 
subject of debate, with several current meta-analyses advocating the use of CDA over 
ACDF for single level disease for this reason.11-13 Evidence includes a randomized control 
trial reporting a significant decrease in the rate of subsequent surgery at 7 years follow 
up for single level CDA compared to ACDF.14

The generalizability of these data to multilevel disease is unclear. Inclusion criteria for 
many randomized controlled trials excluded multilevel treatments or, if multilevel CDA 
was included, those data were often not analyzed independently of single-level results. 
The purpose of this review is to examine the unique considerations and literature of 
multilevel CDA.

BIOMECHANICS
Adjacent segment disease (ASD), defined by Hilibrand as new and symptomatic degen-
erative changes after fusion,15 has been attributed to compensatory biomechanical 
stresses at levels above and below a fusion,16 which approximately 25% of patients who 
undergo ACDF will experience within 10 years from surgery.17 Most biomechanical 
studies on multilevel CDA were designed to investigate this phenomenon.

The degree of additional stress at adjacent levels is commonly quantified by measure-
ments of intradiscal pressure and mobility.16,18 In multilevel ACDF, adjacent discal 
pressures have been shown to increase by 3-6.7 fold, while CDA either maintains or 
even decreases adjacent level pressures.19-22

In a cadaveric load-control study, Phillips found that a single CDA at C5/6 increased 
flexion-extension of that motion segment by 4 degrees but did not significantly change 
rotation or lateral bending. The adjacent segments’ motions were unchanged. Upon 
implanting a second CDA at C6/7, lateral bending of the superior adjacent level (C4/5) 
increased. A single CDA at C6/7 did not reproduce the increase in flexion-extension 

or adjacent level mobility. This suggests 
that multilevel arthroplasty introduces 
unique spinal kinematics and that the 
effects may be level-dependent. In vivo, 
multilevel arthroplasty has demonstrated 
no significant difference from pre-oper-
ative motion at the operated levels.23, 24

Authors have proposed that biomechanical 
stresses are additive with consecutive levels 
of arthrodesis due to increased constraint 
and suggest that arthroplasty may help 
defray the mechanical disadvantages of 
a multilevel fusion;16 however, a recent 
meta-analysis reported that the highest 
prevalence of ASD was in single level 
ACDF, significantly more than in multilevel 
fusion.25 This contradicts finite element 
analyses wherein longer segment ante-
rior fusions have been shown to increase 
adjacent level intradiscal stresses.26 While 
the authors of the meta-analysis suggest 
that multilevel procedures might have 
already addressed the most at-risk levels, 
the etiologies of ASD and how the biome-
chanics of arthroplasty affect them have 
not been fully reconciled with clinical data.

INDICATIONS/PATIENT 
SELECTION
Multiple devices have FDA approval for 
single and multilevel cervical disc arthro-
plasty. Randomized controlled trials 
on multilevel arthroplasty selected for 
patients with degenerative disc disease 
causing radiculopathy or myelopathy 
and excluded patients with pathology 
outside of C3-7.23, 24, 27 Expanded indi-
cations have been reported, including 
acute traumatic disc herniations28 and 
use in upper thoracic levels.29

Contraindications include less than three 
millimeters of available disc space to avoid 
excessive loading of the posterior elements 
by overdistracting anteriorly.30 Kyphotic 
deformity of greater than 15 degrees may 
indicate concomitant posterior element 
pathology that could be exacerbated by 
increasing motion at that segment. Other 
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contraindications include active infection, 
malignancy, and metabolic or inflamma-
tory spine diseases. Osteoporosis may 
increase the risk for implant migration.31

CASE EXAMPLE
A 45-year-old Caucasian male presented 
with eight months of neck pain with radia-
tion down his right arm to his right thumb, 
index and middle finger. There was no 
inciting event or trauma. He was neuro-
logically intact other than a right Spurling’s 
sign. There was no clinical evidence of 
myelopathy.

On review of his cervical MRI, he had 
advanced spondylosis with right greater 
than left neural foraminal narrowing at 
C5-6. Spondylosis with bilateral foraminal 
narrowing was also noted at C6-7. (Figure 1)

He was treated with several weeks of phys-
ical therapy, cervical traction, and three 
epidural steroid injections without lasting 
improvement in his symptoms. Given his 
failure of conservative treatment, surgical 
decompression was recommended. The 
options of arthrodesis and arthroplasty 
were offered to the patient, who elected 
to undergo C5/6 and C6/7 arthroplasties.

Post-operatively, he recovered very well 
with complete resolution of his preopera-
tive neck and arm symptoms. Radiographs 
confirmed adequate cervical alignment 
and device placement. (Figure 2) By 8 
weeks post-op, he had returned to work 
without restrictions as an electrician.

OUTCOMES
Initial trials excluded multiple level 
arthroplasties or combined them with 
single level treatments in their analyses. 
In 2007, Pimenta reported that 2 or 3 level 
CDA experienced significantly greater 
improvements in patient outcomes — 
Neck Disability Index (NDI) and Visual 
Analogue Score (VAS) — than single level 
arthroplasty at 3 years from surgery.32 
Subsequent studies addressed multilevel 
disease independently.

One class-one randomized, controlled trial 
has been published comparing patients 
who underwent single and multiple-
level CDA. Clinical outcome scores 
were not significantly different between 
the two arms: both groups had similar 
NDI, VAS, Short Form 12 (SF-12 MCS/

Figure 2.

Sagittal T2 MRI showing multi-level spondylotic changes without disc space collapse 
or kyphotic deformity (A).  Axial MRI through the C5/6 (B) and C6/7 (C) disc spaces 
demonstrating broad based disc bulging that results in right foraminal stenosis at C5/6 and 
bilateral foraminal stenosis at C6/7.

Figure 1.

Post-operative lateral (A) and anterior/posterior (B) radiographs showing stable cervical 
alignment and adequate positioning of consecutive cervical arthroplasties.
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large prospective trials on multiple level 
arthroplasties, only one case of migra-
tion was reported in a study of 255 
patients with 4 years of follow-up.23

Sagittal fracture while preparing superior 
and inferior keels in a single vertebra is 
a unique complication of subsequent 
level arthroplasty. The few case reports 
available suggest that this is a rare 
phenomenon and may be managed with 
a rigid cervical collar, though prolonged 
post-operative pain may occur.42

CONCLUSION
Multilevel CDA has demonstrated unique 
biomechanics and complication profiles 
compared to arthrodesis and single-level 
arthroplasty. Multilevel arthroplasty 
offers advantages in patient-reported 
outcome measures to arthrodesis in 
appropriately selected patients.
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