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HOW I GOT INTERESTED:

1993:

WHY DO SPONDYLODESIS FAIL?

= SYMPOSIUM IN PARIS, ORG. R. LANGE,
   SPEAKERS E.G. FROM ACROMED:

J.W. BRANTIGAN, A.D. STEFFEE

� WEAK ANTERIOR COLUMN
�  FIRST CAGES IN CHUR = 1994



Arthur Steffee

10th Spine Course in Cleveland, Ohio
February 1996   (ACROMED)

J.W. BRANTIGAN



INTERVERTEBRAL
FUSION  CAGES

RIVISTA DI NEURORADIOLOGIA 1999:
SUPPL. 1 OF Nr. 12

PIONEERS:
C.D.RAY, S.D.KUSLICH,  FOR
THREADED CAGES
� TITANIUM (RAY *, BAK** )
J.W. BRANTIGAN ***  FOR
� RECTANGULAR CAGES 
� LATER  ALSO OVOID ET AL.
CAGES  (TITANIUM, OR PEEK
ET AL. CARBON COMPOSITE)

*   SURGICAL DYNAMICS 
**  SPINE TECH 
*** ACROMED



INTERVERTEBRAL 
FUSION CAGES („DISC CAGES“) 

• STAND ALONE (BAK, RAY-TFC, ..)

• IN COMBINATION WITH PEDICULAR 
FIXATION   (BRANTIGAN, and others….)

LATER, AFTER 2000:

• IN COMBINATION WITH DYNAMIC 
POSTERIOR STABILIZATION



CAGES HAVE 2 FUNCTIONS
MECHANICAL 
+BIOLOGICAL

1. ANTERIOR COLUMN SUPPORT= STABILIZATION

2. CONTAIN BONE FOR FUSION   = „BIOLOGICAL“

� LESS BONE GRAFT FROM ILIAC CREST
� LESS MORBIDITY

AND, ESPECIALY FOR NEUROSURGEONS
= FILL THE HOLE IN THE DISC!



Anterior column 
support:

• decreased by 
    disc herniation
 (DDD� vacuum!)

• restored by 
interbody cages

DH

LOUIS‘ THREE COLUMN SPINE:
�  1 ANTERIOR, 2 POSTERIOR COLUMNS (2 BLUE ARROWS)
�  UP TO 80% OF LOADS THROUGH THE
    ANTERIOR COLUMN



The Book:
Elsevier, 2002

After 4 „Disc Cage �  and

Prostheses Meetings“

in 1996,1997,1999, 2001

BRONSARD ET AL., PP.153-170:
„WHAT IS A GOOD FUSION“
1.PRIMARY STABILITY
2.LONG TERM STABILITY
3.MAINTAINANCE OF CORRECTION
� INCLUDING RESTORATION OF BALANCE



Segmental lumbar kyphosis , or straight lumbar
Fusion = Balance problem  ���� to be avoided!
����  Compensatory Retrolisthesis above, leading 
to  ��������  Adjacent level disease ! (Brantigan, DCM 
1997)

OPTIMIZED IMAGING ����  „PROPHYLAXIS OF FBSS“

KAECH & JINKINS
BOOK PAGE 41



TRANSDISCAL BONY FUSION:
BONE GRAFT �  VASCULARIZATION �  BONE BRIDGE

N.B.  ENDPLATE QUALITY IS IMPORTANT

�   QUALITATITIVE AND QUANTITATIVE 
      ASPECTS OF „BONY“ FUSION !

KAECH & JINKINS
BOOK PAGE 42



PROBLEMS WITH 
TRANSDISCAL BONY FUSION  

RESIDUAL DISC
           INSUFFICIENT BONE GRAFT

A SMALL TRANSDISCAL, 
INTERVERTEBRAL BONY 
BRIDGE IS INSUFFICIENT`!

KAECH & JINKINS BOOK PAGE 43



• Degenerative 
stenosis and
Instability L4/5

• Ligamentum 
flavum or facet 
joint synovial 
cyst (arrow)

• Spinal facet 
joint effusions

Case report 1997:



Anterolisthesis L4/L5
Dorsal compression 
by cyst

„Modic II“ at L5/S1
(hyperintense in T1 and T2 �
 fatty transformation of bone marrow)

1 or 2 level fusion?



Case report:  Stand alone BAK cages L4/L5 => 
no clinical problems at L5/S1 level 10 years later ����

Cages restore load sharing within the anterior column, 
where  up to 80% of the loads are transmitted!



10 YEARS FOLLOW-UP : BAK CAGES L4/5=FUSION

N.B.  „SENTINEL SIGN“ OF FUSION = BONE ANTERIOR TO CAGES L4L5



  OPTIMESH AND SEXTANT: CHUR EXPERIENCE

     DENIS L. KAECH & STEPHEN D. KUSLICH : INVENTOR!

10.10.2002



CT: BONE INSIDE RAY CAGES �  FUSION

 ANTERIOR 
 COLUMN 
 = 80 % OF
   LOADS



FOLLOW-UP DEC.1,  2009:  RAY CAGES IN 1994 AT L5S1
� INCREASING BACK PAIN WHEN WORKING HARD: 
= RAILWAY TRACKS MAINTAINANCE
�  FACET BLOCK L4/5 HELPED!



Segmental L4/5 
KYPHOSIS

and 

DH L4/L5

� anterior column
     weakness

�  plus
   „balance problem“



Recurrent L4L5 DH, with Type 1 endplate changes  



6 YEARS FOLLOW-UP WITH DYNAMIC RADIOGRAPHS AFTER
CONTACT CAGE IMPLANTATION AT L4/5 : STABLE AND FUSED
NB. BONE ANTERIOR TO THE CAGES: „SENTINEL SIGN OF FUSION“



ARGUMENTS
FOR CAGES:

Recurrent L5S1
Disc Herniation
with

longer history of
Low Back Pain

MRI showing:

Endplate edema
Decreased lordosis



POSTOPERATIVE
RADIOGRAPH

SHOWING 

RESTORATION OF

� L5S1 DISC 
HEIGHT
�  L5S1 LORDOSIS

FOLLOWING CONTACT FUSION 
CAGE IMPLANTATION 
WITH AUTOLOG. BONE GRAFT



SACRAL SLOPE =
Angle between 
sacral endplate  and 
horizontal plane
m = 41 +/- 8 °
(posture related parameter)

NB. FLAT ANGLE: MAYBE 
 �  STAND ALONE CAGE

SACRAL SLOPE > 45° +
POST. DECOMPRESSION
+ SPONDYLOLYSIS
�  ADD POST. FIXATION!
     AVOID „>SPL“, „FBBS“

Duval-Beaupère G., Schmidt C., Cosson PH:
A barycentre-metric study of the sagittal shape of the spine and pelvis. 
Ann Biomech Eng 20:451-462, 1992



 18 months postop. L4L5:
 Despite of „bad position“
 of cages, �  only minor 
   Back pain during efforts

32 months postop.  Postop. December 2003
�  still fixed 1 y later

Progressive anterolisthesis L5S1 (red) below „bad“ cages L4L5 
and retrolisthesis L3L4 = „Bad looking“ & correlated to clinics
���� PEDICULAR INSTRUMENTATION L4-S1 , B-Twin Cages L5S1, U L3/4

�

FAILURE !



C- CAGES  (“EASIER“)

C5C6  DISC HERNIATION
WITH
� C6 - DEFICITS
+„AXIAL“ NECK PAIN

N.B. �  KYPHOSIS!



DISTRACTION 

�  TEMPLATE
FOR CAGE SIZE

WITH
LORDOTIC
ANGLE?



Dilemma: Cancellous bone from iliac crest, BiCalPhos.., or nothing?

?



FITS WELL, BONE INSIDE THE CAGE : REALLY NEEDED?



  MRI
  1 year follow-up: 
  Fusion C4C5
  CSF ant. to cord,
  but also
  bulging discs  at
  adjacent segments

�  Mobile restabilization
     in the future to avoid
„adjacent segment disease“

(�  Needs to be proven...)



CASE EXAMPLE: C6 CORPECTOMY FOR
DISC HERNIATION C5C6 PLUS
BIG, CRANIALLY MIGRATED DH C6C7 = BEHIND C6 VB!



CORPUS 
REPLACEMENT
CAGE

PLATE AND
SCREWS

FOR 
DH C5C6, C6C7
CAUSING
MYELOPATHY
& RADICULOPATHY



CORPECTOMY C4
DISCECTOMY C3/4 + C4/5
CAGE, PLATE & SCREWS

LORDOTIC C5/6 CAGE

OK

SOFT DH C5/6

HARD DH+PLL
STENOSIS C3-5

Kaech & Elsig (2006), Le Rachis 2(10): pp. 5 and 9 



Song KJ, Taghavi CE, Lee KB et al (2009)
• The efficacy of plate  construct augmentation versus cage 

alone  in anterior cervical fusion
    Spine 34:2886-2892

�  The use of cage+plate results in a more lordotic alignment (10% vs. 42% 
  kyphosis), 

�  an increased disc height, 
�  a higher fusion rate (97,5% vs. 79% proven fusion), 
� a lower subsidence rate (32% vs. 9,7% subsidence)    and 
� a lower complication rate (no versus 10.5% revision rate)
     than cage alone; 
however
there is no significant difference in clinical outcome
between the two groups. 

78 = 38 + 40 pat, 1 or 2 level ACDF, March 2004-Feb 2006, FU 24 months,
“degenerative C-spine”.



INSTABILITY DUE TO MISSING BONY ELEMENTS

HOW MUCH LOAD DOES THIS STRUCTURE NEED TO BEAR
AND HOW MUCH MOBILITY IS REALLY NEEDED?
= BIOMECHANICAL CONSIDERATIONS BEFORE SURGERY!



VERTEBRAL  BODY REPLACEMENT , 
E.G.,
„OBELISCO“
 
 BUT THERE ARE OTHER CAGES ON THE MARKET
 ALSO FOR

 NON-DEGENERATIVE CASES



Roussouly‘s classification of spines (2007)

Normal (to high)incidence, harmonic curves = Type 3

EOS-SYSTEM= AP/LAT. WHOLE SPINE RX, FINITE ELEMENT ANALYSIS ON PC
=  THE FUTURE?



Sacral SlopeSacral Slope
40°40°

(25 – 55°)(25 – 55°)

Pelvic tiltPelvic tilt

12°12°

(0-30°)(0-30°)

IncidenceIncidence
50°50°

(40 – 75°)(40 – 75°)

Pelvic parameters

Figure from ENSAM Biomechanical Lab Paris: Skalli et al.

FOR THE FUTURE: UNDERSTAND BIOMECHANICAL  ASPECTS
�  3 D WHOLE SPINE RADIOGRAPHS WITH EOS SYSTEM
�  „UPRIGHT-MRI“ = MULTIPOSITION AND DYNAMIC !



THANK YOU ! DENIS L. KAECH, 28.1.2010
denislkaech@ksgr.ch

      GREETINGS FROM CHUR, SWITZERLAND       



Greetings from the Rollin‘ Fifties (live in Hagenwil, 25.9.2009)

MEETING OF SWISS NEUROSURGEONS AND NEURORADIOLOGISTS 2009


