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Also known asΧ

Total Disc Replacement (TDR)  

or

Total Disc Arthroplasty(TDA)
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Outline

ÅHistorical perspective
ÅLumbar ςcurrently approved implants
ÅCervical ςcurrently approved implants
ÅThe evidence
ïWhat can we learn from the major trials? 
ÅLots of data ςcan we distill this down to some global 

conclusions?

ïSafety
ïAdjacent-segment disease
ïHybrids

ÅThe future?
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History

Å Influenced by Sir John /ƘŀǊƴƭŜȅΩǎ
low-friction total hip arthroplastyς1960 (Teflon), 
1962(HMWPE)

Å 9ŀǊƭȅ мфслΩǎ ςFernstromballs ςstainless steel spheres
Å High rate of subsidence

Fernström U. Arthoplastywith intercorporalendoprosthesisin herniated disc and in painful disc. ActaOrthopScandSuppl1966;10:287ς9
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Dr. John Charnley(1911-1982)

Arthroplastyis the wave of the 
future. I predict that hip fusions 
will be reserved for only 
ŘŜǎǇŜǊŀǘŜ ŎŀǎŜǎΧ

1958: Low-friction Arthroplasty: 
metal on polymer

Father of modern hip arthroplasty
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Fusion is the gold standard with excellent long-
term follow-up. Arthroplastyis unproven and 
ǳƴƴŜŎŜǎǎŀǊȅ ōŜŎŀǳǎŜ Ƴȅ ǇŀǘƛŜƴǘǎ ŘƻƴΩǘ Ƴƛǎǎ ǘƘŜ 
motion. I predict that arthroplastyis a passing 
ŦŀŘΧΦ
We are more likely to see a woman or minority 
become the President of the United States than 
see arthroplastybecome the dominant 
operation.

Dr. Robert Sculco
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History

Fassioςfirst clinically implanted elastic disc 
replacement ςsilasticcentral ball surrounded by 
a horseshoe shaped device to prevent 
subsidence. 

Implanted in 4 patients; at 4 yrsfollow up all 
had subsided.

FassioB, GinestieJF. Prothesediscaleen silicone. Etude experimentaleet premieres observations cliniques. 
NouvPress Med 1978;21:207.
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History

Kostuik(1997) ςperformed well during in vitro
testing but failed in animal studies
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Lee et al developed an elastomeric disc 
replacement with hydroxyapatite coating that 
also did well in vitro testing but had problems 
with core migration in canines. It has undergone 
several modifications but no reports of human 
implantation.

ÅLangranaNA, Parsons JR, Lee CK, et al. Materials and 
design concepts for an intervertebral disc spacer. I. 
Fiber-reinforced composite design. J ApplBiomater
1994;5:125ς32.

ÅVuono-HawkinsM, LangranaNA, ParsonsJR, et al. 
Materialsand design conceptsfor an intervertebral
disc spacer. II. Multidurometercompositedesign. J 
ApplBiomater1995;6:117ς23.

ÅVuono-HawkinsM, ZimmermanMC, Lee CK, et al. 
Mechanicalevaluationof a canineintervertebraldisc 
spacer: in situ and in vivostudies. J OrthopRes 
1994;12:119ς27.
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Charitédisc was initially developed in Germany 
in 1984 by orthopaedicsurgeon and olympic
gold medialistgymnistKarin Buttner-Janzand 
engineer Kurt Schellnack
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CharitéςUniversitätsmedizinBerlin

ÅLarge teaching hospital in Berlin, established 
1710
ÅIn 1727 was named Charité(Charity in 

French), by Frederick William I of Prussia
ÅOver 40 Nobel Laureates 
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Charité

The disc was modified several times and various 
pilot implantations were performed prior to the 
final design that received U.S. FDA Premarket 
Approval October 25, 2004 for single-level use 
L4-S1
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Slide 13 History ςCharitéevolution

Charité-I

Charité-II

Charité-III - 1987The Charitédisc was an unconstrained design, which may 
have contributed to the problems it eventually had, and it 
was removed from the market in 2012

 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

Slide 14 
History

ÅThierry Marnayin France developed the 
precursor to the ProDisc-L, which he initially 
implanted into 64 patients

ÅProDisc-L US FDA PMA study started in 2001 
and received approval on August 14, 2006 for 
single-level use L3-S1
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In 2006 ςat NYU-HJD
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Currently FDA Approved 

ProDisc-L (Synthes)

August 4, 2006

ActivL(Aesculap) 
June 11, 2015
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Why ADR?
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Slide 18 Spine fusion is non-physiologic
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Mean 17 yrsfollow-up
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Adjacent-segment degeneration

Pre-op 8yr post-op 16yr post-op
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Adjacent-segment degeneration

Pre-op 4yr post-op 12yr post-op

16 yr post-op Post re-operation  
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Å215 patients after lumbar posterior fusion
Å13 years mean F/U duration
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Adjacent segment degeneration

Increased stiffness at the fused level leads 
to hypermobility and increased loading at 
adjacent segments?

Is this just the natural progression?
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Å 9 year follow-up prospective study of natural progression in a group of 
women (n = 796), 

Å Disc space narrowing and anterior osteophyte progression of 3% per yr
and 4% per year were observed

Å Risk factors were older age, LBP, hip and knee OA; trend for BMI > 30
ButΧΦΦ
Å All were white, middle-class women in the U.K., mean baseline age of 54 

+/-6 with a mean BMI of 25+/-4
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Slide 29 The natural history of disc degeneration?

KauppilaLI , McAlindonT , Evans S , et al. Disc degeneration/back
pain and calcificationof the abdominal aorta. A 25-year follow-up
study in Framingham . Spine 1997 ; 22 : 1642 . 
(Summarized in Lee MJ, DettoriJR, StandaertCJ, BrodtED, Chapman JR. The natural history of degeneration of the lumbar and 
cervical spines: a systematic review. Spine. 2012 Oct 15;37(22 Suppl):S18-30.) 
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Fusion is non-physiologic
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Is ADR any better than fusion?

Well that dependsΧΦ
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Gold standardΧΦΚ
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Å375 patients initially enrolled in CharitéIDE study; 277 
eligible for 5yr study 
Å160 of those completed their 5yr F/U 
Å133 of these were initially randomized: 90 CharitéADR pts

compared to 43 ALIF (BAK cages) pts
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Charitévs.ALIF 5-yr study

CharitéADR
group
N=90

ALIF group
N=43

ά{ǳŎŎŜǎǎέ 58% 51%

Change in ODI score -24 -27.5

Change in VAS -38 -40

Change in SF-36 
Physical

12.6 12.3

PtSatisfaction 78% 72%

Employed 65.6% 46.5%

Long-term disability 8% 20.9%

Indexlevel ROM 6 degrees 1 degree  
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106 pts out of 108 patients initially implanted, 
mean F/U 13 yrs
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Thierry 2007

CharitéADR
group
N=106

No comparison group

ά{ǳŎŎŜǎǎέ
όάƎƻƻŘ ƻǊ ŜȄŎŜƭƭŜƴǘέύ

87%

Employed 89.6% (77% hard labor)

Fusionat adjacent 
segment

2.8%

Core subluxation 1.9% (gamma sterilized 
in air)

Index-level ROM 10.1 degrees
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Slide 38 Lu et al 2015
CharitéADR
group
N = 35

No comparisongroup

Completed Follow-up 32 (91%)

ά{ǳŎŎŜǎǎέ όC5! ŎǊƛǘŜǊƛŀύ28 (87.5%)

Reoperationfor 
adjacent segment dz

1 (3%)

Reoperation for pedicle
fracture

1 (3%)

Changein VAS 8.5 +/- 0.2 to 
1.5 +/- 0.3

Improvementin ODI 41.4 +/- 1.9 to
13.2 +/- 2.4

Ptwould have 
operation again?

нр όту҈ύ άŎŜǊǘŀƛƴƭȅ ȅŜǎέ
5 (16%)άǇǊƻōŀōƭȅ ȅŜǎέ
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ÅProspective, RCT trial of 152 patients (ADR = 80, PLIF or PLF = 72)
ÅADR group randomized to Charité, ProDiscor Maverick implant
Å99% F/U at 5yrs
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Slide 40 Skoldet al 2013 

ADR group
(n = 80)

PLF group
(n=72)

Completed 5yr Follow-up 151 (99%)

ά¢ƻǘŀƭƭȅpain-ŦǊŜŜέ 38% 15%

VAS Back 23 +/-29 31 +/-27

Changein VAS back 40 +/-32 28+/-32

ODI (high is bad) 17+/-19 23 +/-17

Improvement in ODI 25+/-18 18+/-19

Patient satisfaction 79% 69%

Reoperations at index level
Adjacent-segment operation

5/80(6.3%)
7/80 (9%)

6/72(8.3%
11/72 (15%)
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Å Prospective IDE FDA trial, single level from L4-S1, 31 sites
Å 577 patients randomized (2:1) to Maverick ADR (n=405) or 

stand-alone ALIF using LT cage and BMP-2 (n=172)
Å > 70% at L5-S1 level
Å Maverick will not be used in the U.S. due to a patent problem
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Slide 42 Maverick
ADR group
(n = 405)

ALIF group
(n=172)

Completed 5yr Follow-up 402(99%) 171(99%)

Level:
L4-5:
L5-S1:

104(26%)
298 (74%)

36(21%)
135(79%)

άhǾŜǊŀƭƭ {ǳŎŎŜǎǎέ όC5!ύ73.5% 55.3%

ODI (high is bad) 19.4+/-20 24.8+/-19.6

Improvement in ODI 33.8+/-21 29.2+/-19.4

Patient working pre-op
Patient working at 2 yrs

61%
74%

56%
73%

Reoperations to removeimplant 2 (0.5%) ς1 allergic 
rxn, 1 epidural 
abscess

0(0%)

Reoperation at index level ςmostly 
decompressions

22 (5.4%) 3 (1.7%)

Angular motion at index level 9.5 degrees 0
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Å 236 patients treated at 17 sites, 5yr F/U 
Å Randomized to ProDiscLor anterior-posterior fusion 

w/FRA + ICBG
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Slide 44 ADR group
(n =161 )

A/P Fusiongroup
(n=75)

Completed 5yr Follow-up 137 (85%) 56 (75%)

Level:                                        L3-4:
L4-5:
L5-S1:

3(1.9%)
54(33%)
104(65%)

3(4%)
22 (29%)
50(67%)

άhǾŜǊŀƭƭ {ǳŎŎŜǎǎέ όC5!ύ53% 47%

ά5ŜǾƛŎŜ {ǳŎŎŜǎǎέ93.2% 93.3%

Fusion rate NA 95.8%

ODI (high is bad) 34+/-24 36+/-26

Improvement in ODI 48+/- 35 44+/-37%

Reoperations for implant failure: 6 (3.7%) 3 (6.7%)

Reoperation at index level ς 13 (8%) 9 (12%)

Angular motion at index level 92% NA
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Device failures

2 poly-ethylene extrusions:

ï1 in a 33yr old power-lifter; 

lifting 700lb weights

ï2nd in a 41yr old M involved in MVA

(Failure photos above from Leary et al, Spine 2007)
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ÅCochrane review of 7 RCTs (up to December 2011) 
with 2 year follow-up
ÅIncluded 1301 patients that were used to compare 

ADR to fusion
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Back Pain

ODI 
Improvement

Patient 
satisfaction
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Å Evaluate the 5-yr data from ProDisc-L IDE study to evaluate for adjacent-segment disease
Å 166 patients with complete F/U at 5yrs: ADR (n=123) compared to A-P fusion (n= 43)
Å For patients with no adjacent-level degeneration at time of index surgery:
Å New Adjacent-level degeneration at 5yrs: 

Å 6.7% after ADR vs.   
Å 23.8% after A-P Fusion

But: Only 3 had adjacent level surgery in ADR group (1.9%) vs3 in fusion group (4%)  
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Å Evaluated pre- and 1 year post-ADR 
(Maverick implant) in 18 women and 17 
males

Å Observed maintenance of pre-op sagittal 
parameters at 1-yr post-ADR

Å This is in contrast to multiple studies of 
lumbar fusion showing loss of lordosisand 
decreased ST
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Lumbar ADR vs. Fusion?

ADR Fusion
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Å54 patients followed out to 10 years, 84% follow-up rate from 
earlier analyses
Å39 single-level ADR and 15 two-level ADR
ÅOne level ADRs: L3-4 (n=3), L4-5 (n=20), L5-S1 (n=16)
ÅTwo-level ADRs: L3-5 (n=2), L4-S1 (n=13)
Åст҈ ǎŀǘƛǎŦƛŜŘ C5! ŎǊƛǘŜǊƛŀ ŦƻǊ ŎƭƛƴƛŎŀƭ άǎǳŎŎŜǎǎέ

 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 



Slide 52 Park et al 2016
Range of motion maintainedΧ
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Lumbar lordosismaintainedΧ
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Slide 54 Park et al 2016
ReoperationsΧΦ
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Å 18 patients, single ADR at L4-5(n=6) or L5-S1(n=9) or two-level ADR at L4-S1 
(n=3)

Å Evaluated a simple series of practical, physical challenges consistent with ADLs
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Sullivan et al 2012

Å Significant improvements for all tasks
Å No difference L4-5 vsL5-S1 except 

forward bend (L5-S1 ptscould forward-
bend longer)  
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Å RCT of activLADR (n=218) vsADR with ProDiscLor CharitéόƴҐмлсΤ άŎƻƴǘǊƻƭέύ
Å Active-L ADR device is a semi-constrained device with cobalt chromium alloy 

endplates and an ultra high-molecular weight polyethylene insert
Å Non-inferiority FDA IDE trial
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Yueet al 2016
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Yueet al 2016
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Yueet al 2016
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SAE difference was statistically significant  
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Yueet al 2016
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Yueet al 2016
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Hybrid ALIF/ADR
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Vs.

N = 31 N = 31 
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Hoff et al 2014
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Hoff et al 2014
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Retrospective review of 64 patients 
lumbar ALIF vsALIF/ADR hybrid
Not randomized
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Slide 72 Chen et al 2016
ALIF group
(N =31 )

Hybrid group
(N=33)

1-level ALIF + 1-level ADR 
2-level ALIF + 1-level ADR 
1-level ALIF + 2-level ADR 

N=25
N=5
N=3

2-level ALIF 
3-level ALIF 

N=25
N=6

Pre-op ODI
Post-op ODI (5 yrs)
Improvement

58+/-6
43+/-8
50%

55+/-18
27+/-23
25.5% (p<0.05)

Pre-op VAS
Post-op VAS
Improvement

6.7+/-2.3
3.2+/-2.2
52%

6.7+/-1
4.8+/-1
28% (p<0.05)

Failuresrequiring reoperation 7(23%) 5(15%)

 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 



Slide 73 
Multi-level ADR

Compared 30 patients 1-2 yr after 3-level lumbar ADR to group of 700 
patients that underwent 1 or 2 level ADR
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Berg et al 2015

Group A = 3-level ADR; Group B = 1 or 2-level ADR

No significant differences
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Cervical Artificial Disc Replacement
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Cervical ADR - history

ÅUlf Fernstromςimplanted his stainless steel balls in 
both lumbar and cervical in 1966

ÅReitz and Joubertlooked at 75 cervical disc 
arthroplastiesperformed with the FernstromBall in 32 
patients and reported that at the one year point they 
had not detected either neurological complications or 
subluxations of the Balls. 
ÅIn two cases they did find intrusion into adjacent bone, 

but the clinical results remained excellent in both 
cases.

REITZ H, JOUBERT MJ. INTRACTABLE HEADACHE AND CERVICO-BRACHIALGIA TREATED BY COMPLETE REPLACEMENT OF CERVICAL 
INTERVERTEBRAL DISCS WITH A METAL PROSTHESIS. S Afr Med J. 1964 Nov 7;38:881-4. PubMed PMID: 14227712.
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Cervical ADR - history

ÅCummins-Bristol disc designed at the Frenchay
hospital in Bristol, UK, in 1989
ÅInitial clinical results in the 18pts implanted were 

not promising ς3 cases of anterior screw pull-
out, 1 screw breakage, 1 subluxedjoint. All had 
persistent dysphagia.
ÅThe implant was redesigned and reintroduced as 

the Frenchaycervical disc. Pilot study in 2002 had 
more favorable results.
ÅAcquired by Medtronic, it was renamed the 

Prestige Disc
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Cervical ADR - history

First randomized clinical  trial in the U.S. was 
performed in 2007 to evaluate the Prestige disc 
compared to fusion.
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