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Prodics C, Synthes PCM, Depuy

Metal/UHMWPE

Keels

Semi-constrained

Semi-constrained

Metal /UHMWPE

Large radius
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Players
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Discocerv (Scientx) 

Cervicore (Stryker) 

M6º  (Spinal Kinetics)

Baguera C (Spine Art) 

saddle joint

Metal/Metal

Screw fixation

Ceramic/ceramic

mobile spring core

complex joint

‚Anulus ‚ structure

COR mobile

Metal /UHMWPE

Anatomic endplate

Activ C (Aesculap) 

Bryan; Medtronic

Polycarb/Polyuret. Core

Variable IAR

Single piece

Non-contsrained
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 Design characteristics
Summary I 

�  Articulation kinematics

�  one-piece vs. two-piece articulation

�  constrained vs. unconstrained

�  fixed vs. mobile COR

�  Materials

�  CoCR

�  Stainless steel

�  Titanium

�  UHMWPE

�  Polycarbonate/Polyurethane
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 Design characteristics
Summary II

�  Articulation

�  Metal-on-Poly

�  Metal-on-Metal

�  Ceramics-on-Ceramics

�  Footprint geometry and dimensions

�  Primary anchoring

�  Anatomic pressfit

�  Porous surface coatings

�  Screws

�  Fins

�  Spikes
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Scientific data 

Take Home Message

�  The infuence of…

�  different designs
�  different biomechanics
�  different interfaces
�  different anchoring  mechanisms

…on Clinical Outcome is unclear
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 Results
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�   Wigfiled CC et al. Spine 27 2002 VAS arm + 46 %
VAS neck + 45 %
NDI + 31 %
SF-36 + 14%

�  Robertson JT et al SAS 2 Montpellier 2002 maintained motion

�  Robertson JT et al Neurosurg Focus 17 2004 Improved pain
  Improved hys.function

Prestige 
LP,SP,STLP

Uncontrolled studies (FU = 0.5 - 
2 yrs)
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Randomized controlled Trial

(FU 1 yr)

Zdeblick T et al, SA 5 New York City 
2005

 TDR 
 

�  n 75
 

�  VAS arm 7 1    

�  NDI 60 10    

�  Success 97 %

Results identical to Fusion

Prestige LP,SP,STLP
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�   Goffin J et al.  Tec Monograph;medtronic 2001 83 % success
 

�   Goffin J et al. Spine 28 2003 85-90% success

�   Goffin J et al. SA 5 New York City 2005 85-96% success
  

�   Duggal N et al. Neurosurg Focus 17 2004 NDI improved motion

�   Pickett GE et al. Neurosurg Focus 17 2004 Motion unchanged
Kyphosis remained

Bryan Disc

Uncontrolled studies (FU = 0.5 - 
2 yrs)
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�   Heller JG et al.   Spine 34: 101-107, 2009 NDI better (p=0.025)
Overall success higher (p=0.01)
Return to work 13 days earlier

Bryan Disc

RCT  vs. ACDF

(FU = 2 yrs)
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�   McAfee P
 Pimenta L  et al SA 5 New York City 2005 NDI 43.3 - 11.5

VAS 7.5 – 1.7

93 % exc/good

PCM

Uncontrolled studies (FU = 0.5 - 
2 yrs)
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�   Beaurain J et al.
    Eur Spine j 18. 841-850, 2009 NDI 49.6 – 25.5

VAS Neck  4.5 – 2.0
VAS Arm 6.4  – 2.3

85.5 % mobile after 2 yrs

Mobi - C

Uncontrolled study

 (FU = 2 yrs)
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�   Bertagnoli R et al. Orth Clin N Am 36 2005 NDI 28.9 – 18.8
VAS 8.2 – 4.6

 
�   Grochulla F; Mayer HM et al. 

  (Munich data) Austrian Orth. Congress        2005 NDI 50 – 10
VAS arm 8 – 1
VAS neck 7 – 2

Prodisc C

Uncontrolled studies (FU = 0.5 - 
1 yr)
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�   Nabhan A et al. Eur Spine J 17:423-430, 2007 Results identical
ROM decreases
more in ADCF

Prodisc C

RCT  Prodisc C vs. 

Anterior Discectomy and Fusion

(FU = 2yrs)
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author source year implant n. pts F-up
Clinical 
result

F
Results + TCDR specific 
complications

Study design LE

Porchet et al.
Nerosurg

Focus
2004 Prestige II

27 TCDR

28  ACDF
12-24 M +++ 0 ACDF – autograft only, comparable 

results
RCT multic.

preliminary
 II

Robertson et al
J.Neuro

   surg
2005 Bryan

74 TCDR

158 Cage
24 M +++ 0 Medtronic Bryan study x Cage IDE, ADS 

signif more in ACDF group Prosp controlled II

Wigfield et al. Spine 2002 Prestige I 15 TCDR 24M +- 0 Adjacent to previous fusion, 2 screws 
broken, one removed, motion 1-15dg Prosp cohort III

Sekhon et al
J.Neuro

surg
2005 Bryan 15 TCDR 12-43 M +++ 0 Adjacent to fusion, 100% success, one 

subluxation, no revision Prosp cohort III

Pickett et al Neurosur 
Focus 2004 Bryan 14 TCDR 6-24 M + + 0 Clinical results good and not correlating 

with kyfotisations Prosp.cohort III

Sekhon et al Neurosur 
Focus 2004 Bryan 15/11 

TCDR 10-32 M +++ 1
SCM pts, 91%success, 7 kyfopsis, 

1 fusion in 17M
Retro evaluation III

Duggal et al Neurosur 
Focus 2004 Bryan 30/26 

TCDR 1.5-27 M +++ 0 Improvment in al parameters, no 
revision, 1 migration Prosp.  Cohort III

Johnson et al
Neurosur 
Focus 2004 Bryan

16/13

TCDR
Postop 
only ? 0 Study is demonstrating loss of 

segmental lordosis in single lev. Retrosp. evaluation III

Yoon et al Acta 
Neuroch 2006 Bryan 46 TCDR 1-18 M ++ 0 4 pts neck pain, but signif improve-ment 

in NDI, VAS, 1SDH, kyfotisation Retro.non controlled III

Coric et al
J.Neuro

surg
2006 Bryan

17 TCDR

16 ACDF
6-25 M +++ 0 Both groups comparable results in VAS, 

Odom, NDI and SF36 RCT, Branch of IDE II

Hacker RJ
J. Neuro

surg
2005 Bryan

22 TCDR

24 ACDF
12-24 M +++ 0 Both groups comparable results in 

NDI,SF36,Odom, no HO, RCT,Branch of IDE II

Bertagnoli et al
J. Neuro

surg
2005 Prodisc C 20/16 

TCDR 12-14 M +++ 0 100% satisfied pts, no any 
complications, no HO Prosp non random cohort III

Pimenta et al The 
Spine J 2004 PCM 81/52 

TCDR 12 M ? +++ 0
97% good and excellent results /1y

1 HOS grI,  1 dislocation 4mm
Prosp cohort III

Lafuente JBJS 2005 Bryan 46 TCDR 12 M +++
9%

NM
89% satisfactory res/1y, No HOS ment.1 
dislc –removed, Prosp cohort III

Goffin et al
Neuro

surgery
2002 Bryan 60 TCDR

6-12 M

60/30
+++ 2/1y

90% clinical success /1 y- Odom

4 reop unrelated, no device ex
Prosp multicentric III

Goffin et al Spine 2003 Bryan 158/129 
TCDR

12-24 M

(129/52)
+++ 18/1y 

NM
86-96% clinical successú1-2y Odom

9 reop, 1 device ex, some HO
Prosp multicentric III

Leung et al
Neuro

surgery
2005 Bryan 90 TCDR 12 M +++ 12 

NM
17.8% HO, 6.7 % Gr III+IV

13.3% severe motion distortion
Retro evaluation III
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Results 

Take Home Message

�  Good results
�  Comparable to ACDF
�  Lack of Mid-/Long-Term results
�  Few RCT
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Gold standard for surgical treatment of
 
�  Disc Herniations (medial, paramedian,(lateral))

�  Bony Compression  

ACDF
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�  Excellent clinical results 

Smith GW,Robinson RA.JBJS (A) 40:607,1958
Cloward R. J Neurosurg 15:602-617,1958
Bailey RW et al.JBJS(A) 42,565-594,1960
Dunsker SB. Clin Neurosurg 24:516-521,1976
Caspar W et al. Neurosurgery 25:491-502,1989 
Böker DK et al. Neurosurg.Rev. 22:217-222,1998
Cho DY et al. Neurosurgery 51:1343-1351,2002

ACDF
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�  Destruction of functional spinal unit
�  Decompensation of adjacent segment
�  Donor site morbidity
�  Implant / graft - failure
�  Approach complications etc. 

ACDF

Flynn TB. Spine 7:536-539,1982

Bertalanffy H et al. Acta Neurochir 99:41-50,1988

Epstein NE. CSRS Meeting Scottsdale,USA  2003
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Adjacent Segment Degeneration 
Reoperations I

� 9 %  in 122 ACDF (2-15yrs FU) 
Bohlman HH et al. JBJS (A) 75:1298-1307,1993

� 7 % in 253 ACDF
Lunsford LD et al. J Neurosurg 53:1-11,1980 

� 7.2 % in 180 CDF + plating. FU > 60 mos.
Goffin J et al. J Spinal Disord Tech 17:79-85,2004 
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Adjacent Segment Degeneration 
Reoperations II

� 3.2 %  in 250 ACDF (3 yrs FU) 
Matge G. Acta Neurochir 144:539-550,2002

� 2.9 % in 235 ACDF (4 yrs FU)
Papavero L. personal communication 2004
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� Removal of disc done anyway
� Restoration disc height same as in Fusion 
� Realignment not possible
� Restoration of segmental stability yes ?
� Maintenance of mobility yes !!?
� Protection of adjacent segments necessary ?

Why Artificial Disc Replacement ?
-The chain of arguments -

25Seite 25 © 2009 HM Mayer Schön Kliniken
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 Current  Indications 

�   Symptomatic disc degeneration – Axial Neck Pain

�   Disc herniation

�   Degeneration of several segments
    (multilevel disc disease)

�   Adjacent segment degeneration

26Seite 26 © 2009 HM Mayer Schön Kliniken
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�   Osteoporosis / Osteopathies

�   Severe spondylarthritis

�   Segmental translational instability

�   Fracture / Infection / Tumor

�   OPLL

�   Cervical Myelopathy ?

 Current  Contra- Indications 
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�   Goffin J et al Monograph Medtronic 2001 Bryan 2.4 %
�   Goffin J et al Spine 28 2003 Bryan 6.8 %
�   Shim CS et al SAS 5 New York City 2005 Bryan 4.3 %
�   Zdeblick T et al SAS 5 New York City 2005 PCM 2.7 %
�   McAfee P et al SAS 5 New York City 2005 PCM 12.8 %
�   Wigfield CC et al Spine 27 2002 Prestige I 66.7 %

 
�   Mayer HM et al ÖGO Innsbruck 2005 Prodisc C 7.4 %

�   Murray DB et al SAS 5 New York City 2005 Prodisc C 13.6 %
  

�   Tropiano P,Marnay SAS 5 New York City 2005 Prodisc C 1.4 %
�   Bertagnoli R. et al  Orthop Clin N Am 2005 Prodisc C 0 %

Complications / Failures
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 Heterotopic ossifications
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�   Low rates reported (< 5 % )

Heterotopic ossifications

Zdeblick T et al 2005
Goffin et al 2001
McAffee et al 2005
Bertagnoli et al 2005
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�   n = 77 implants
�   FU 1 yr
�   33.8 % without HO

Heterotopic ossifications

Mehren C, Suchomel P, Mayer HM et al. 
Spine  2007
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Heterotopic ossifications

Mehren C, Suchomel P, Mayer HM et al. 
Spine  2007
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�   Heterotopic Ossifications

�  Role of high-speed burrs
�  Role of Irrigation
�  Post-op NSAID ?

Open Questions
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�   Indications
�  e.g. Myelopathy
�  e.g. multilevel
�  e.g. adjacent level
�  e.g. floating TDR

Open Questions
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�   Designs

�  Fins
�  Spikes
�  Chiseling
�  MRI compatible ?
�  Screws (multilevel)

Open Questions
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�   Wear
�  Comparable to artificial hips in-vitro ( Prestige metal-on-metal)

    Traynelis VC. Spine J 4,2004

�  ‘Low wear rates’ 1.4 mg/mio cycles
�  No significant inflammatory response (Bryan)  

   Anderson PA et al, Spine 28, 2003

Does not seem to play a clinical role ??

Open Questions
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�   Subsiding

�  Role of preop Dexa-Scans
�  Surgical Technique ??

Open Questions
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� Acc. adjacent segment degeneration post-fusion not proven
� Rate of spontaneous fusion unknown
� Role in mono- vs. multilevel cases not proven 
� Effect of altered kinematics unknown 

Cervical Disc Replacement ?
- Cons  -
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� Clinical Results exc/good
non inferior to ACDF

 
� Complication rates low (??) 

Cervical Disc Replacement ?
- Pros -
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� Normalization of load transfer
and kinematics yes 
Dimitriev AE et al, Spine 30:1165-1172,2005

� Maintenance of mobility yes !!? 

� Protection of adjacent segments yes ???

Cervical Disc Replacement ?
- Pros  -
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� Normalization of load transfer
and kinematics yes 
Dimitriev AE et al, Spine 30:1165-1172,2005

� Maintenance of mobility yes !!? 

� Protection of adjacent segments yes ???

……but relevant?

Cervical Disc Replacement ?
- Pros  -
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My favorite Case!
since  Feb. 14, 2006……

� 35 yrs old female
� Since 5 weeks neck and arm pain ( C6 left)
� Hypoesthesia and Biceps – Weakness (3/5) left
� Injections, PT etc. without success

46Seite 46 © 2009 HM Mayer Schön Kliniken



 © 2009 HM Mayer Schön Kliniken

June 28, 2005
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4 weeks postop
Completely free of symptoms

‚return to work‘
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Jan , 2006 ( 6 Mos postop)
Winner of 2 Worldcup Races
Track record in Torino/Italy
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Tuesday Feb 14, 2006 (7.5 mos postop)
Olympic Goldmedalist Torino , Italy
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Thank You !
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