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Background/spine degeneration

◦ Disc Degenerates First

◦ Loss of  proteoglycans and water content of  discs (black disc)

◦ Loss of  disc height

◦ Scoliosis/Spinal Stenosis with advanced disc degeneration

◦ Increased loading of  facet joints - Facet joints degenerate last



◦ A – 66 years old w/ 3 deg wedging at L1-2

◦ B – 70 years old w/ L wedging at L1-2 and compensatory wedging at L4-5

◦ C – 78 years old further compensatory wedging to the R at L4-5 (Murata et al. 

2002)
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Traditional Treatment

◦ Cervical spine

◦ ACDF

◦ Lumbar spine

◦ Anterior or posterior spinal fusion



Background

◦ Anterior Cervical Discectomy and Fusion

◦ Long Term Results Excellent

◦ Pseudoarthrosis

◦ Adjacent Segment Disease



Bohlman 1993 classic long term ACDF

- 120 patients/6 year fu

- Non instrumented ACDF

- 81/120 had no arm or neck pain

- 24/195 levels had pseudoarthrosis

- Overall Clinical Results Excellent

- ACDF considered “gold standard”



ACDF – Failure to Fuse

◦ Increasing risk of  pseudoarthrosis with increasing levels fused 

(Brodke 1992)

◦1 level fusion rate excellent 94% / 3 level fusion rate 83%

◦Results confirmed by Bohlman (73% fusion rate with multilevel 

ACDF)

◦ Increased ACDF levels -> greater failure rates



ACDF – adjacent level disease

◦Increased stresses 

and degeneration at 

levels above and 

below a fusion



ACDF – adjacent level 
degeneration

◦ Minimum 5 year fu 180 patients (Goffin 2003)

◦ 92% radiographic adjacent level changes

◦ Osteophytes

◦ Loss of  disc height

◦ Sclerosis

◦ Kyphosis

◦ 34% non-operated patients develop 
radiographic changes over 10 years (Gore 
2001)



ACDF – symptomatic adjacent level disease

◦374 patients 10 yr fu (Hillibrand

1993)

◦Symptomatic adjacent level 

degeneration

◦2.9% per year

◦25.6% after 10 years
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Lumbar Spine Fusion

Adjacent Segment 

Degeneration >50% 

after 10 years

Arthroplasty may have 

less adjacent segment 

changes 



Rationale for Arthroplasty

◦Increasing Failure Rates with Increasing Levels Fused

◦Adjacent Segment Disease

◦¼ develop symptomatic disease within 10 years

◦Arthroplasty designed in response to the limitations of  

fusion



Arthroplasty History

◦ Fernstrom Ball

◦ Disc excision

◦ Steel ball placed at the border of  the 

posterior 1/3rd disc space

◦ Center of  rotation was physiologic

◦ High subsidence rates



Arthroplasty 
History

◦Kostuik elastic arthroplasty

◦Animal implantation 

failures

◦Never underwent human 

trials



Acroflex rubber 
core disc

◦Titanium endplates with a 

rubber core

◦Catastrophic failures with 

shear and separation of  

the rubber



Arthroplasty Design Lessons Learned
from Early Failed Designs

Maximum contact 
between implant and 
host bone to prevent 

subsidence

Articulating surfaces 
should be a synthetic 

material on a synthetic 
material 

(Bono/Garfin 2004)



Modern Arthroplasty Designs

◦Large surface area endplates and synthetic material articulating 

surfaces

◦Metal on Metal articulations

◦Metal on polyethylene articulations



Volumetric Wear Rates 
Compared to Total Hip 
Arthroplasty

◦ Direct Comparison Not Possible

◦ THA volumetric wear rates published 

between 30 – 70 mm3/year

◦ Linear wear rates approx. 0.1 mm/year



Wear Cervical Arthroplasty

1 million cycles corresponds to 5-10 years of  wear (Anderson 2004)

◦ Prodisc-C Poly on CoCr wear rates

◦ 2.8 mm3/million cycles (FDA 2007)

◦ Mobi-C poly on CoCr

◦ 1.6 mm3/million cycles (FDA 2013)

◦ PCM poly on CoCr

◦ 6.7 mm3/million cycles (FDA 2012)

◦ Prestige LP titanium carbide on titanium carbide

◦ 0.3 mm3/million cycles (FDA 2014)

◦ Simplify disc PEEK on Ceramic

◦ 1.5 mm3/million cycles (Siskey 2016)



1-2 order of  magnitude difference

1 million cycles corresponds to 5-10 years of  wear (Anderson 2004)

◦ Prodisc-C Poly on CoCr wear rates

◦ 2.8 mm3/million cycles (FDA 2007)

Wear cervical vs hip arthroplasty

1-2 orders of  magnitude less

Wear studies suggest cervical 

arthroplasty implants should last 

Decades

Similar findings for lumbar



FDA indications

◦ INDICATIONS

◦ Degen disc disease

◦ Soft disc herniation

◦ Failure of  conservative care

◦ CONTRAINDICATIONS

◦ Osteoporosis/osteopenia

◦ Facet degenerative changes

◦ Bony foraminal stenosis or 

bony central stenosis

◦ Metal allergy

◦ Infection

◦ Tumor



Early Clinical Trials 
Data Cervical

◦ Modern designs all have 1 level PRCT, early 

studies documented 2 year results

◦ Non-inferiority to ACDF at 2 years

◦ Arm pain and Neck pain improvements 



2 level studies Cervical
◦ FDA IDE trial mobi-C cervical arthroplasty

◦ 225 patients 2 level arthroplasty, 105 patients ACDF

◦ Neck pain and arm pain non-inferior or superior in 

arthroplasty group 2 year fu



2 level mobi-C 
cervical 5-year fu
FDA IDE PRCT

◦ Adjacent segment degeneration 71% ACDF/33% 
arthroplasty

◦ Nonunion rate 14% in ACDF group

◦ Adjacent level reoperations in 11% ACDF/3% 
Arthroplasty

◦ Overall reoperation rate 21% ACDF/7% Arthroplasty

2 level arthroplasty superior to ACDF at 5 years in 
adjacent segment degeneration, adjacent segment 
reoperation, and index level reoperation 



2 level Prestige 
LP 10-year fu
FDA IDE PRCT

◦ Adjacent level reoperations in 18% ACDF/9% 
Arthroplasty

◦ Index level reoperation rate 17% ACDF/5% 
Arthroplasty

2 level arthroplasty superior to ACDF at 10 years in 
adjacent segment reoperation and index level 
reoperation 



Multi-level Arthoplasty Cervical
◦ Multi-level arthroplasty proven safe in 10 year FDA IDE PRCT

◦ Most studies show lower reoperation rates at both index level and 
adjacent level for 2 level arthroplasty



Meta-analysis of  all PRCT Cervical

◦ Cervical arthroplasty superior to 

ACDF at up to 10 years for 

◦ Reoperation

◦ Implant related adverse events

◦ Adjacent segment degeneration

◦ Neurological success

◦ Level 1 data beyond 10 years not 

available

Cervical arthroplasty for patients with 

radiculopathy and degenerative disc 

disease without contraindications 

may be the “gold standard”



Hybrid fusion and 
arthroplasty surgery

◦ Finite Element Models

◦ Arthroplasty has lower 

adjacent level stresses 

compared to multilevel ACDF

◦ Incorporating arthroplasty 

into multilevel fusions safe



Greater than 2 level and 
hybrid surgery

◦ Retrospective review (Jang 2017)

◦ N=30 3 level hybrid arthroplasty ACDF

◦ N=19 3 level ACDF

◦ ACDF group had a lower fusion rate

◦ Arthroplasty group less adjacent segment 

degeneration at 2 years fu



Greater than 2 level and 
hybrid surgery

◦ Retrospective review (Ding 2014)

◦ N=13 3 level hybrid arthroplasty ACDF

◦ N=15 3 level ACDF/ACCF

◦ Trend towards less adjacent segment 

degeneration in arthroplasty group



Lumbar Spine Arthroplasty

• 10 year fu results published in 55 patients

• Zero implant failures

• 41/55 excellent or good results

• 14/55 with continued back pain



Lumbar Spine Arthroplasty



Lumbar Arthroplasty 20 year series
• 20 year series 32 patients

• Average fu 14 years

• 10% revision surgery/failure rate



MULTI LEVEL AND HYBRID CERVICAL ARTHROPLASTY

• PRESERVES MOTION

• SUPPPORTED BY CLINICAL DATA

• MAY REDUCE ADJACENT SEGMENT REOPERATIONS



Lumbar case



CONSIDER ARTHROPLASTY WHEN POSSIBLE
WITH BAD FACETS THEN FUSION



Closing 
thoughts

• lower Adjacent Segment Degeneration

• lower Adjacent Segment Reoperations

• lower Index Level Reoperations

FDA PRCTs 10 year fu for cervical 
arthroplasty have

Lumbar arthroplasty mean 14 year long 
term studies show low revision rates

Wear studies suggest implants should 
last decades

Long term surveillance is required


