Slide 1

Slide 2

Slide 3

Artificial Disc Replacemen

Pasquale X. Montesano, M.D.

Also known aX

Total Disc Replacement (TDR)
or
Total Dis@rthroplasty(TDA)

Outline

A Historical perspective

A Lumbarg currently approved implants
A Cervicak, currently approved implants
A The evidence

T What can we learn from the major trials?

ALots of datag can we distill this down to some global
conclusions?

T Safety
i Adjacentsegment disease
T Hybrids

A The future?
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A Influenced by Sir Johh K I NI/t §8 Q&
low-friction total hiparthroplastyc 1960 (Teflon),
1962(HMWPE)

A 9+ NI & ¢Rerhstron®allsc stainless steel spheres

A High rate of subsidence

Dr. JohnCharnley(191%

1958: Lowfriction Arthroplasty
metal on polymer

Arthroplastyis the wave of the
future. | predict that hip fusions
will be reserved for only
RSALISNI 4GS Ol asSax

A

Father of modern higrthroplasty

Dr. RobertSculc

Fusion is the gold standard with exct
term follow-up. Arthroplastyis unproven
dzyy$0Saal NE o0SOF dza
motion. | predict thatarthroplastyis a passin
FERXO
We are more likely to see a woman or minority
become the President of the United States than
seearthroplastybecome the dominant
operation.
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History

Fassigq; first clinically implanted elastic
replacementg silasticcentral ball surroun
a horseshoe shaped device to prevent
subsidence.

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

NouwPress Med 1976.2207

History

Kostuik(1997)¢ performed well duringn
testing but failed in animal studies

History

Lee et al developed an elastomeric
replacement with hydroxyapatite coati
also did welin vitrotesting but had probl
with core migration in canines. It has und
several modifications but no reports of hum
implantation.

spacerin o
19941211927
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History

Charitédisc was initially developed in
in 1984 byorthopaedicsurgeon andlym
gold medialistgymnistKarinButtner-Janza
engineer KurSchellnack

Charitég Universitatsmedizi

AlLarge teaching hospital in Berlin, establi
1710

Aln 1727 was name€harité(Charity in
French), by Frederick William | of Prussia

Charité

The disc was modified several times and vi
pilot implantations were performed prior to th
final design that received U.S. FDA Premarket
Approval October 25, 2004 for singkevel use
L4S1
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Historyg Charitéevolu

=

=

= =

Charitél
Charitéll k

TheCharitédisc was an unconstrained design, which may Charitélll - 1087

have contributed to the problems it eventually had, and it

was removed from the market in 2012 m 2

History

A ThierryMarnayin France developed the
precursor to theProDisel, which he initiall
implanted into 64 patients

A ProDisel US FDA PMA study started in 2001
and received approval on August 14, 2006 for
singlelevel use L&1

ThierryMarnay.
In 2006¢ at NYUHJD
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Currently FDA Appro:

ProDiseL. Synthe$
August 4, 2006

W

¢ ActivL(Aesculap
% June 11, 2015

{

Why ADR?

Spine fusion is nephysi
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ey o Y
Minimum 10-Year Follow-up Study of Anterior Lumbar Interbody
Fusion for Pattern

of the Adjacent Disc Degeneration

Mean 17yrsfollow-up

Adjacentsegment dege

Adjacentsegment dege
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Adjacentsegment deg
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Fig. 2. Kaplan-Meicr survival curve. The overall cumulative
percentage of patients with satisfactory results is shown.
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ADJACENT SEGMENT DEGENERATION
IN THE LUMBAR SPINE

BY GARY GHISELLI, MD, JEFFREY C. WANG, MD, NITIN N. BHATIA, MD,

A215 patients after lumbar posterior fusion
A13 years mean F/U duration

o . o e = Gl ne 18 ™ o
Frreece (%) 154 o8 [ wr ns 12
[ [ — o e Lo

Ghiselliet al 200

PEHCINT DESEASE FREE

VEARS TO FOLLOWAT®

Adjacent segment dege

Increased stiffness at the fused levi
to hypermobility and increased loadi
adjacent segments?

Is this just the natural progression?
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ARTHRITS & RHETMATIN.
© 30, Arers Coee f Kt

Risk Factors for Progression
of Lumbar Spine Disc Degeneration

The Chingford Study

G. Hassett,' D. J. Hart,' N. J. Manck,' D. V. Doyle.” and T. D. Spector’

A 9 year followup prospective study of natural progression in a group of
women (n = 796),

A Disc space narrowing and anterior osteophyte progression of 3%rper
and 4% per year were observed

A Risk factors were older age, LBP, hip and knee OA; trend for BMI > 30

BuX ® &

A All were white, middleclass women in the U.K., mean baseline age of 54
+1-6 with a mean BMI of 254

The natural history of disc d

W Bascline W 25 year ffu

sEEFEERIREG

7%
20.1%

14.4%
UBB'- —

Kauppldi McAndonT , Evans ., et al. Disc degeneraton/back
ain ancealcificatono the abdorminal aora. A 2ear folo
Sty in Framingham _Spine 1097 - 22 1642

Chapman IR

Fusion is nofphysiol
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Is ADR any better than

Well that dependX @®

LUTHATI
THINKA'REAL COWBOY IS. \

Gold standarX ®

THE GOLD STANDAR

THE
SPINE
JOURNAL

FLSEVIER U

multicenter Food and Drug Administration

¢ exemption study of lumbar total disc

2 antificial disc versus

ar follow-up

1t ). Banco, MUY, Fabian D. Bitan, MD*,
PhD', Stephen H. Hochschuler, MDY,
ved E. Mapd, MD%, Joha M
£, MD', Scott L. Blumenthal, MD*

replacement with the €
lumbar fusion: F

D

. Louis G "
Scott G. Tromanhauser, MDF, Douglas

€. Wony

A 375 patients initially enrolled i€harité|DE study; 277
eligible for 5yr study

A 160 of those completed their 5yr F/U

A 133 of these were initially randomized: @haritéADRpts
compared to 43 ALIF (BAK cag#s)
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Charitévs.ALIF §yr si

CharitéADR ALIF group
group )
0

a{ dz00Saa¢ 58% 51%
Change in ODI score  -24 275
Change in VAS -38 -40
Change in S86 126 123
Physical

PtSatisfaction 78% 72%
Employed 65.6% 46.5%
Longterm disabilty 8% 20.9%
Indexlevel ROM 6 degrees 1 degree

Long-term Results of Onc-Level Lumbar Arthroplasty

Minimum 10-Year Follow-up of the CHARITE Artificial Disc in
106 Patients

Thiry D, MD

106 pts out of 108 patients initially implanted,
mean F/U 13rs

Thierry 2007

- CharitéADR g No comparison group
1

a{ dz00Saa¢

6a322R 2N ¢

Employed 89.6% (7% hard labor
Fusionatadjacent  2.8%

segment

Core subluxation 1.9% (gamma sterilized

Indexlevel ROM 10.1 degrees
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ORIGINAL ARTICLE

An 11-year minimum follow-up of the Charite Il lumbar disc
for the of ic d i

disc disease

Shi-ao L’ + Vong Hai' -

Chas Koag' + Qo) Wang! - Qingjun S’ +
Lei Zang' « Nan K

!+ Niangdong Meng' - Ya Wang'

Lu et al 2015

CharitéADR Nocomparisongroup
group
N =35

Completed Followip 32 (91%)
a{ dz00Saaé ¢28(87.5%)

Reoperatiorfor 1(3%)

adjacent segmentlz

Reoperation for pedicle 1 (3%)
cture

Changen VAS 8540210
15403
Improvementin ODI 414 ++1.9t0
132+24
Ptwould have Hp OTy0 GC
operation again? 5(16%K LINR O ot & &Saé

GRIGINAL ARTICLE
Five-year follow-up of total disc replacement compared to fusion:
a randomized controlled trial

Coretane Skl - M Trop - Svaste lerg

A Prospective, RCT trial of 152 patients (ADR = 80, PLIF or PI}
A ADR group randomized ®harité ProDiscr Maverick implant
A 99% F/U at 5yrs
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DR grou PLF group
e ]

Completed 5yr Followp 151 (99%)

G ¢ 2 (phikFINGS S ¢ 38% 15%

VAS Back 234129 31427
Changein VAS back 40 ++32 28+/-32

ODI (high is bad) 174119 23417
Improvement in ODI 25++18 18+-19
Patient satisfaction 79% 69%
Reoperations at index level 5/80(6.3%) 6/72(8.3%
Adjacentsegment operation 7180 (9%) 11172 (15%)

RANDO! DT

Lumbar Disc Arthroplasty With MAVERICK Disc
Versus Stand-Alone Interbody Fusion

\ Prospective, Randomized, Contralled, Multicenter I

igational Device Exemption Trial

w F. Gormet, MD,* ). Kesneth Burkus, MD# Randl . Dryex, MD,§ and Joha H. Peloza, MO

"

A Prospective IDE FDA trial, single level froRS1431 sites

A 577 patients randomized (2:1) to Maverick ADR (n=405) or
standalone ALIF using LT cage and BMR=172)

A >70% at L1 level

A Maverick will not be used in the U.S. due to a patent problem!

Maveri
ADR group

Completed 5yr Followp. 402(99%) 171(99%)
Level:
L45:  104(26%) 36(21%)
L5S1: 298 (74%) 135(79%)
GhOSNIEt {d00Sae735% 55.3%
0Dl (high is bad) 19.4+/20 24.8+419.6
Improvement in ODI 3384421 29.2+419.4
Patient working preop 61% 56%
Patient working at 3rs 74% 73%
Reoperations to removenplant 2 (0.5%}, 1 allergic  0(0%)
n, 1 epidural
abscess
Reoperation at index levelmostly 22 (5.4%) 3(L7%)
decompressions

Angular motion at index level 9.5 degrees 0
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From———

Five-year results of the prospective, randomized, multicenter,
Food and Drug Ad r levice

study of the ProDisc-L total disc replacement versus
circumferential arthrodesis for the treatment of singl
nerative disc disease

level

Clinical article

Jucx E. Zrcazn, M.D.
PO Sy —

o Racx: B, Dezsuasrea, MD

;e T Spice st o St Joko's Hockh Conter, S Monis, Coorni

A 236 patients treated at 17 sites, 5yr F/U
A Randomized t@roDisclor anteriorposterior fusion
WIFRA + ICBG

AJP Fusiongroup
(n=75)

Completed 5yr Followp. 137 (85%) 56 (75%)
Level: -4:13 3(1.9%) 3(4%)
L45:  54(33%) 22 (29%)
L5S1:  104(65%) 50(67%)
GhOSNItt {dO0Saz53% 47%
G550A0S8 {d00Saat932% 93.3%
Fusion rate NA 95.8%
ODI (high is bad) 34424 36+426
Improvement in ODI 48+-35 24+37%
Reoperations foimplant failure: 6 (3.7%) 3(6.7%)
Reoperation at index level 13 (8%) 9 (12%)
Angular motion at index level  92% NA

Device failures

2 poly-ethylene extrusions:
i 1in a 33yr old powelifter;
lifting 700Ib weights

(Faiture photos above fom Leary et al, Spine 2007)
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COLLABOK

Total Disc Replacement for Chronic
Discogenic Low Back Pain

A Cochrane Review

A Cochrane review of 7 RCTs (up to December 2011)
with 2 year followup

Alncluded 1301 patients that were used to compare
ADR to fusion

Slide 47 ) e
Back Pain
oDl =
Improvement e
N
Patient 75
satisfaction .

Slick 48

J Neurosurg Spine 1M504-511,2012

Five-year adjacent-level degenerative changes in patients
with single-level disease treated using lumbar total disc
replacement with ProDisc-L versus circumferential fusion

Clinical article

Jack E. Ziorer, M.D..! Jauesox GLesy, MD..? axo Rick B. Dezavanten, M.D.?

*Texas Back Instinue, Plano, Tevas: “Core Orthopacdic Medicol Center, Encinitas: and "Cedars-Sinas Spine
Caenser, Los Angeles, California

A Evaluate the & data fromProDiseL IDE study to evaluate for adjacessgment diseasef
A 166 patients with complete F/U at Syrs: ADR (n=123) compareeRdusion (n= 43)
A For patients with no adjacerevel degeneration at time of index surgery:
A New Adjacenievel degeneration at Syrs:

A 6.7% after ADR vs.

A 23.8% after AP Fusion

But: Only 3 had adjacent level surgery in ADR group (183 fusion group (4%)
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[ovomac axnicee ]
Yoo The effect of single-level, total disc
H Mathens arthroplasty on sagittal balance parameters:
2 Nt a prospective study
1 Ve

A Evaluated preand 1 year posADR
(Maverick implant) in 18 women and 17
males

A Observed maintenance of pmp sagittal
parameters at iyr postADR

A This is in contrast to multiple studies of
lumbar fusion showing loss frdosisand
decreased ST

Lumbar ADR vs. Fusi

SP

An International Journal for the study of the spine Publish Abead of Print

Long-term Outcomes Following Lumbar Total Disc Replacement Using ProDisc-11

tverage 1

Se-Jun Park, MD, Chong-Suh Lee, MD, PhD. Sung-Soo Chusig. MD PHD, Keun-Ho Lee.

MD. Wan-Seok Kim. MD, Jun-Youig Lee, MD

A 54 patients followed out to 10 years, 84% follo rate from
earlier analyses

A 39 singlelevel ADR and 15 twievel ADR

A One level ADRs: 443(n=3), L& (n=20), L&1 (n=16)

A Twolevel ADRs: L3 (n=2), L&1 (n=13)

Acm: alGA&FASR C5! ONRGSNAL 7




Slide 52

Slide 53

Slide 54

Park et al 201
Range of motion main

Park et al 201
Lumbarlordosismaintai

s - [

Park et al 201
ReoperationX

Agear
N, Lnd it Sex
level
operaticn
iLssi 46 M PLIE, L+-5
Last 5 E PLIF 1351
3 Last 8 E PLE Lis1
4 La s M PLF.L34
5 L4 8 E PLEL34
s b PLIF - Pusteriar o, FLF
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ELSEVIER

Physical capability outcomes after total disc replacement with ProDisc-L.
Humbert G. Sullivan, MD *, Robert L. Bobenmoyer, OT"

lia, PAC*, Vicki L. McHugh, MS **,
lle A. Mathiason, MS ¥, Nicholas R. I

Kevin M. Boland, MD*,
ley L. Bom, BS ",
B

A 18 patients, single ADR at-5@=6) or L&51(n=9) or twdevel ADR at 81
(=3

A Evaluated a simple series of practical, physical challenges consistent with ADL}

Slide 56

Sullivan et al 201

A significant improvements for all tasks
No difference L& vsL5S1 except
forward bend (L&51pts could forward
bend longer)

Slide 57 m

(oFEN]

Lumbar Total Disc Replacement for Discogenic
Low Back Pain: Two-year Outcomes of the activL
Multicenter Randomized Controlled IDE

“linical Trial

Rolando Garcia Jr. MD, MPH,* james 1. Yue, MD, Scott Blumesthat
Vikes V. Pasel, MD, % Scom P. Leary, MD, Dizung . Dinh, MD,"
Hanl D

MD,' Dom Coric, MO,*
e £
asch, WD, ¥ Feckrico Gieaeds, WD, James Billys, MD,Y

v K. Butermari, MD,
dLarry

i
£ Millr, PhD!

A RCT ohctivLADR (n=218JsADR withProDisclor Charitéé y ' mnec T 602

A ActiveL ADR device is a seatinstrained device with cobalt chromium alloy
endplates and an ultra higiolecular weight polyethylene insert

A Norinferiority FDA IDE trial
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Yueet al 2016 ‘

Medical Devices: Evidence and Research Daove,
8 Review
The activL® Artificial Disc: a next-generation
motion-preserving implant for chronic lumbar
discogenic pain

Yueet al 2016
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activL® Arificial Disc Control
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Incidence (%)
-]

8

Yueet al 2016

2

-

3

ORAE PRAE SAE
Adverse event type

SAE difference was statistically significant

Back pain severity (VAS)

Yueet al 2016

100
= ProDisc-L
80 activL®
~*" Atificial Disc

Yueet al 2016
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Yueet al 2016
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ORIGINAL ARTICLE

ALIF and total disc replacement versus 2-level circumferential
fusion with TLIF: a prospective, randomized, clinical
and radiological trial

Fike K. HofT - Patrick Strube - Maithias Pumberger
Robert K. Zaha - Michael Putzier
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Hoff et al 2014

Hoff et al 2014
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Hoff et al 2014

-

(LTI T —

A Cortm m st o

i Journal of Clinical Neuroscience .

Reveew
Survivorship and clinical outcomes after multi-level anterior lumbar
reconstruction with stand-alone anterior lumbar interbody fusion or
hybrid construct

Benjamin Chen *, Yusul T, Akpolat ", Paul Williams ", Durren §

', Wayne K. Cheng"

Retrospective review of 64 patients.
lumbar ALIRSALIF/ADR hybrid
Not randomized

1-level ALIF +-evel ADR
2-level ALIF +-level ADR
1-level ALIF +-vel ADR

2evel ALIF
3level ALIF

Preop ODI 58+6 55+-18

Postop ODI (579 43+/8 27423
Improvement 501 25.5% (p<0.05)
Preop VAS 6.7+/2.3 6.7+

Postop VAS 324122 4.8+
Improvement 52% 28% (p<0.05)

Failuresrequiring reoperation 7(23%) 5(15%)
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Multi-level AD

Clinical outcomes after treatment with disc prostheses in three
lumbar segments compared to one- or two segments.

oy ———
T

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

Berg et al 201

Outceme mescarrneat At year followup

GopB  GowA p

VAS bk i mew wen| 0w
VAS g pun san wen | om
s LR E] LREL IR T
seeres wre121] 90e1 | o
sEsames wosts aasiz1) om
oo pen men on

Group A = 3evel ADR; Group B = 1 ofeel ADR

No significant differences
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Cervical ADRhisto

A Ulf Fernstromg implanted his stainless steel
both lumbar and cervical in 1966

A Reitz andloubertooked at 75 cervical disc_
arthroplastiesperformed with theFernstromBall in
ﬁatlents and reported that at the one year point th

ad not detected either neurological complications o

subluxations of the Balls.

A In two cases they did find intrusion into adjacent bone,
but the clinical results remained excellent in both
cases.

REITZ . JOUBERT M), NTRACTABLE HEADACHE ANBFURRUIISSA TREATED 8Y COMPLETE REPLACEMENT OF CERVICAL
IRTERVERTEBRAL DISCS WITH A METAL FRORIAESIS, 3064 Nov 135 68 Pubid FMID: 27712

Cervical ADRhisto

A CumminsBristol disc designed at tHeren
hospital in Bristol, UK, in 1989

A Initial clinical results in the 18pts implanted
not promisingg 3 cases of anterior screpull-
out, 1 screw breakage,suibluxedoint. All had
persistent dysphagia.

A The implant was redesigned and reintroduced as
the Frenchaycervical disc. Pilot study in 2002 had
more favorable results.

A Acquired by Meditronic, it was renamed the
Prestige Disc

Cervical ADRhistor

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