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Description 

BACKGROUND  OF  THE  INVENTION 

[0001  ]  The  present  invention  concerns  an  apparatus  s 
for  spinal  osteosynthesis,  applicable  notably  to  degen- 
erative  or  misaligned  vertebrae. 
[0002]  It  is  known  that  the  vertebrae,  in  particular  the 
lumbar  vertebrae,  are  subjected  to  a  concentration  of 
stresses,  in  which  the  discs  and  the  ligaments  play  a  u 
significant  compensating  part.  If  these  vertebrae  belong 
to  a  relatively  aged  body,  they  undergo  a  certain  degen- 
eration,  which  makes  the  discs  and  the  ligaments  una- 
ble  to  completely  fulfil  their  role  by  reason  of  their 
ageing.  n 
[0003]  These  vertebrae  then,  are  subjected  to  a  cer- 
tain  instability  and  tend  to  displace  relative  to  adjacent 
vertebrae.  These  displacements  are  uncontrolled  and 
can  be  displacements  in  angulation  and  rotation,  medio- 
lateral  and  antero-posterior  displacements,  or  else  the  2t 
combination  of  these  displacements. 
[0004]  It  is  therefore  necessary  to  remedy  this  situa- 
tion,  which  risks  generating  a  compression  or  compro- 
mise  of  the  spinal  cord  of  the  patient,  by  endeavouring 
to  put  the  displaced  or  misaligned  vertebrae  back  to  21 
their  positions. 
[0005]  EP-A-0425  783  discloses  a  pedicle  screw 
clamp  for  a  pedicle  screw  with  a  bifurcated  head.  The 
pedicle  screw  head  receives  a  threaded  back  section  of 
the  clamp  which  is  secured  thereto  by  a  cap.  A  front  3< 
section  of  the  clamp  is  also  bifurcated  to  receive  a  hook 
which  supports  a  longitudinal  member  that  extends 
between  vertebrae.  The  clamp  permits  rotation  and 
translation  of  the  screw  and  the  hook. 
[0006]  According  to  the  present  invention  there  is  pro-  3i 
vided  a  spinal  fixation  device  comprising  a  longitudinal 
member  designed  to  extend  between  a  plurality  of  ver- 
tebrae  along  the  length  of  the  spine;  a  bone  anchorage 
element  for  engaging  a  vertebra;  a  lateral  connection 
element  interconnecting  the  longitudinal  member  and  4t 
said  bone  anchorage  element,  said  lateral  connection 
element  comprising;  an  elongate  arm  that  is  adapted  to 
support  the  bone  anchorage  element  while  permitting 
rotation  of  said  element  about  a  longitudinal  axis  of  the 
arm  and  translation  of  said  element  along  the  arm;  a  « 
body  at  one  end  of  said  arm,  the  body  being  designed 
to  receive  the  longitudinal  member,  so  that  the  body  is 
free  to  move  in  rotation  about  and  in  translation  along 
the  longitudinal  member;  and  fixing  means  for  fixing  the 
arm  to  the  longitudinal  member  characterised  in  that  the  st 
body  is  integral  with  one  end  of  said  arm  and  is  in  the 
form  of  a  cylindrical  ring  for  encircling  said  longitudinal 
member,  said  means  for  fixing  includes  at  least  one 
clamping  screw,  and  said  ring  is  provided  with  a  series 
of  apertures  arranged  on  its  periphery  in  such  manner  st 
that  at  least  one  thereof  is  accessible  to  the  surgeon  for 
inserting  said  clamping  screw  therein,  regardless  of  the 
angular  position  of  the  ring  on  the  longitudinal  member. 

[0007]  In  this  way  the  terminal  ring  of  the  connection 
element  can  be  mounted  to  be  trapped  on  the  osteosyn- 
thesis  rod  or  longitudinal  implant,  while  being  still  free  in 
translation  and  in  rotation  before  its  fixation  in  the  cho- 
sen  position  on  the  osteosynthesis  rod,  by  way  of  a  suit- 
able  means  for  fixing. 
[0008]  According  to  a  preferred  aspect  of  the  inven- 
tion,  the  means  for  fixation  of  the  connection  element  to 
the  vertebra  to  be  treated  is  advantageously  a  bone 
anchorage  element,  such  as  a  screw  or  a  hook  of  a 
known  type,  and  whose  body  is  open  in  a  U-shape  in 
order  to  permit  introduction  into  it  of  the  free  end  of  the 
arm  of  the  connection  element.  The  invention  contem- 
plates  that  the  anchorage  element  be  free  to  both  trans- 
late  medio-laterally  along  and  rotate/angulate  around 
the  extended  radial  arm  of  the  connection  element.  This 
aspect  of  the  invention  can  be  implemented  with  a  hook 
having  a  closed  body  with  a  longitudinal  implant  or  rod 
extending  through  an  opening  in  the  hook  body. 
[0009]  An  important  feature  of  the  invention  that  per- 
mits  application  of  the  in  situ  contouring  approach  is  the 
material  properties  of  the  longitudinal  implant.  The 
implant  must  naturally  be  strong  enough  to  withstand 
the  often  severe  loads  imposed  on  it  by  the  spine.  The 
implant  must  also  be  stiff  enough  to  resist  deformation 
under  these  loads  once  the  instrumentation  is  complete. 
At  the  same  time,  the  implant  must  be  formed  of  a  mate- 
rial  that  is  sufficiently  ductile  to  allow  the  implant  to  be 
deformed  within  the  patient  and  substantially  retain  that 
imposed  deformation.  Given  the  narrow  confines  in  the 
spinal  region,  it  is  undesirable  to  "over  contour"  the 
implant  with  the  expectation  that  the  "springback"  prop- 
erties  of  the  implant  will  decrease  the  final  deformation. 
Thus,  the  implant  material  preferably  exhibits  an  opti- 
mum  ductility,  or  more  particularly,  maintains  in  its  final 
position  a  high  percentage  of  the  imposed  deformation. 
[001  0]  In  order  to  achieve  this  novel  in  situ  contouring 
and  correction,  specially  designed  tools  are  provided. 
One  tool,  a  traction  rotator,  is  configured  to  engage  the 
ends  of  a  lateral  connection  element  so  as  to  provide  a 
rotational  force  to  the  element.  In  addition,  the  traction 
rotator  can  have  forked  arms  at  its  end  to  contact  a  body 
engaged  to  the  arm  of  the  lateral  connection  element  to 
apply  a  traction  force  to  the  that  body.  A  second  tool,  a 
counter-rotator,  is  configured  to  engage  the  lateral  con- 
nection  element  at  a  lower  vertebral  level  to  hold  this 
lower  element  fixed  while  a  subsequent  level  is  oper- 
ated  on  by  the  traction  rotator. 
[001  1  ]  Bending  irons  are  set  forth  in  a  further  aspect 
of  the  invention  which  are  specially  suited  for  manifest- 
ing  this  in  situ  contouring  approach.  A  right  angle  or  L- 
bender  permits  bending  the  rod  within  the  patient  in  the 
sagittal  plane.  A  rod  grip  bender  provides  a  cylindrical 
surface  for  gripping  the  rod  as  it  is  bent.  This  rod  grip 
bender  greatly  reduces  the  local  deformation  experi- 
enced  by  the  rod  as  the  bending  force  is  transmitted 
through  the  bender  to  the  rod. 
[001  2]  It  is  to  be  understood  that  the  tools  and  meth- 
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ods  used  for  implanting  the  spinal  fixation  device  do  not 
form  part  of  the  present  invention. 
[0013]  The  invention  enables  the  lateral  connection 
element  to  be  used  to  position  a  plurality  of  vertebral  fix- 
ation  elements  at  a  single  level.  One  lateral  connection  s 
element  is  engaged  to  a  spinal  rod,  while  another  lateral 
connection  element  is  engaged  to  the  first.  One  verte- 
bral  fixation  element  is  engaged  to  the  rod,  while  a  sec- 
ond  fixation  element  is  engaged  to  the  second  lateral 
connection  element,  which  can  extend  substantially  to 
parallel  to  the  principal  rod.  In  this  manner,  the  first  and 
second  fixation  elements  can  be  oriented  laterally  virtu- 
ally  side-by-side.  For  example,  a  pedicle  hook  and  a 
suparlaminar  hook  can  be  situated  at  the  same  level.  In 
another  embodiment,  a  laminar  hook  can  be  associated  is 
with  a  vertebral  fixation  screw,  so  that  the  hook  can 
strengthen  the  construct  against  screw  pullout. 
[0014]  It  is  one  object  of  the  present  invention  to  pro- 
vide  a  spinal  fixation  system  for  the  correction  of  spinal 
deformities  that  accommodates  multiple,  and  even  vari-  20 
able,  positions  of  a  vertebral  fixation  element  relative  to 
a  longitudinal  implant. 
[0015]  Some  other  details  and  benefits  of  the  inven- 
tions  will  appear  in  the  course  of  the  description  which 
follows,  taken  in  reference  to  the  annexed  drawings  25 
which  illustrate  one  preferred  embodiment  by  virtue  of 
non-limiting  examples. 

DESCRIPTION  OF  THE  FIGURES 
30 

[0016] 

FIG.  1  is  a  view  in  exploded  partial  perspective  of 
one  preferred  embodiment  of  a  spinal  osteosynthe- 
sis  device  including  connection  element  according  35 
to  the  invention  used  between  an  osteosynthesis 
rod  and  a  bone  anchorage  screw. 
FIG.  2  is  a  view  from  above  in  enlarged  scale  of  the 
connection  element  depicted  in  the  FIG.  1  . 
FIG.  3  is  a  view  in  perspective  of  a  spinal  osteosyn-  40 
thesis  instrumentation  embodying  one  device 
according  to  the  invention,  set  in  position  on  a  spi- 
nal  section  in  which  one  of  the  vertebrae  is  dis- 
placed  to  be  returned  into  alignment  with  the 
others.  45 
FIG.  4  is  an  analogous  view  to  FIG.  3  showing  a 
bone  anchorage  screw  and  the  corresponding  ver- 
tebra  in  the  course  of  translation  on  the  arm  of  the 
connection  element  according  to  the  invention. 
FIG.  5  is  an  analogous  view  of  FIG.  4  showing  the  so 
vertebra  and  the  associated  pedicle  screw  in  their 
definitive  position,  at  the  end  of  sliding  on  the  arm  of 
the  connection  element  and  after  rotation  of  the  ring 
on  the  principal  rod. 
FIGS.  6A-c  are  side  schematic  representations  of  a  55 
spinal  motion  segment  depicted  in  the  sagittal 
plane  and  showing  the  location  of  the  axis  of  the 
segment  during  normal  movement  of  the  spine. 

FIGS.  7A-B  are  schematic  representations  of  a 
motion  segment  viewed  posteriorly  in  the  frontal 
plane  and  showing  the  location  of  the  axis  of  the 
segment  as  the  spine  moves. 
FIGS.  8A-B  are  schematic  representations  of  a 
motion  segment  viewed  interiorly  in  the  transverse 
plane  and  showing  the  location  of  the  axis  of  the 
segment  as  the  spine  moves. 
FIGS.  9A-C  are  schematic  representations  of  a 
motion  segment  viewed  in  the  sagittal  plane  in 
which  the  segment  is  instrumented  with  a  longitudi- 
nal  implant  that  is  contoured  in  situ. 
FIG.  10  is  a  graph  of  ductility  for  the  material  of  the 
longitudinal  implant  used  in  the  in  situ  contouring 
technique. 
FIGS.  1  1  A-B  are  perspective  views  of  a  spinal  seg- 
ment  in  which  one  vertebra  is  displaced  and  then 
subsequently  manipulated  into  its  proper  anatomic 
position. 
FIGS.  1  2A-B  are  top  and  side  elevational  views  of 
an  L-bender  for  use  in  situ  contouring  of  a  longitu- 
dinal  implant. 
FIGS.  13A-B  are  side  and  top  elevational  views  of  a 
rod  grip  bender  for  use  in  in  situ  contouring  of  a  lon- 
gitudinal  implant. 
FIGS.  14A-B  are  top  and  side  elevational  views  of  a 
traction  rotator  tool  for  use  in  direct  derotation  of 
spinal  instrumentation. 
FIGS.  15A-B  are  side  and  top  elevational  views  of  a 
counter-rotator  tool  for  use  in  direct  derotation  of 
spinal  instrumentation. 
FIG.  1  6  is  a  top  elevational  view  of  a  lateral  connec- 
tion  element  modified  for  use  with  tools  shown  in 
FIGS  14-15, 
FIGS.  1  7A-B  are  anterior  views  in  the  frontal  plane 
of  three  vertebrae  in  which  one  displaced  vertebra 
is  restored  to  its  proper  anatomic  position  by  direct 
derotation. 
FIGS.  18A-B  show  in  the  sagittal  plane  the  direct 
derotation  depicted  in  FIGS.  1  7A-B. 
FIGS.  19A-B  show  in  the  transverse  plane  the 
direct  derotation  depicted  in  FIGS.  17-18. 
FIGS.  20A-B  are  side  elevational  and  top  perspec- 
tive  views  showing  the  sacral  fixation  techniques 
and  "iliac  buttress". 
FIGS.  21  A-B  are  side  and  top  elevational  views  of 
spinal  instrumentation  using  the  multiple  lateral 
connection  elements  to  permit  multiple  single  level 
instrumentation  of  a  vertebra. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

[001  7]  For  the  purposes  of  promoting  an  understand- 
ing  of  the  principles  of  the  invention,  reference  will  now 
be  made  to  the  embodiment  illustrated  in  the  drawings 
and  specific  language  will  be  used  to  describe  the 
same.  It  will  nevertheless  be  understood  that  no  limita- 
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tion  of  the  scope  of  the  invention  is  thereby  intended, 
such  alterations  and  further  modifications  in  the  illus- 
trated  device,  and  such  further  applications  of  the  prin- 
ciples  of  the  invention  as  illustrated  therein  being 
contemplated  as  would  normally  occur  to  one  skilled  in 
the  art  to  which  the  invention  relates. 
[0018]  One  sees  in  FIGS.  1  and  2  an  osteosynthesis 
rod  1  of  which  the  surface  presents  a  multiplicity  of 
asperities  2,  for  example  forming  the  points  of  a  dia- 
mond,  a  bone  anchorage  pedicle  screw  3  and  a  connec- 
tion  element  4  between  the  rod  1  and  the  screw  3 
positioned  laterally  or  medially  to  the  rod  1  in  a  pedicle. 
[001  9]  The  pedicle  screw  3  is  constituted  by  an  open 
and  U-shaped  body  5  and  by  a  threaded  section  6, 
which  is  of  the  type  of  the  one  described  in  the  French 
patent  89  04  925  (2  45  732)  in  the  name  of  Yves  Cotrel. 
The  screw  is  normally  adapted  to  receive,  between  the 
branches  5a  of  body  5,  a  rod  1  with  asperities. 
Threaded  apertures  7  are  defined  in  the  branches  5a  to 
receive  screws  19  (FIGS.  4-5)  provided  for  fixing  on  the 
rod,  this  fixation  being  completed  by  a  cylindrical  clamp- 
ing  member  17  closing  channel  10  of  body  5. 
[0020]  Clamping  member  1  7  is  so  dimensioned  to  be 
introduced  in  the  U-shaped  body  5  with  arm  9  extending 
therethrough.  It  includes  a  central  screw  18  capable  of 
being  screwed  into  a  threaded  aperture  in  a  radial  boss 
23  dimensioned  to  slide  between  the  ends  of  the 
branches  5a.  Clamping  member  17  is  moreover  pierced 
by  apertures  22  for  passage  of  the  lateral  screws  19, 
and  is  provided  with  a  collar  24  forming  a  shoulder 
adapted  for  support  on  a  corresponding  face  25  defined 
on  an  entrance  edge  of  channel  1  0  of  body  5. 
[0021  ]  The  element  4  includes  a  body,  in  the  form  of  a 
ring  8,  dimensioned  to  be  able  to  receive  principal  rod  1 
extended  therethrough,  and  an  arm  9,  preferably  cylin- 
drical  and  of  a  diameter  substantially  equal  to  the  one  of 
the  channel  1  0,  extending  radially  from  ring  8  to  a  suita- 
ble  length,  and  forming  a  one-piece  unit  with  the  ring. 
The  arm  9  is  adapted  to  be  able  to  penetrate  and  slide 
in  cylindrical  channel  10.  Its  surface  preferably  presents 
a  multiplicity  of  asperities  1  1  (FIG.  2),  which  could  be 
similar  to  asperities  2  on  rod  1  .  The  surface  of  the  arm 
with  asperities  1  1  is  joined  to  ring  8  by  a  smooth  section 
12  of  diameter  slightly  smaller  than  the  one  of  the  por- 
tion  with  asperities. 
[0022]  Apertures  13,  numbering  four  in  the  repre- 
sented  example  (although  other  numbers  are  possible), 
are  radially  disposed  in  ring  8,  so  that  one  pair  of  aper- 
tures  is  symmetrical  to  the  other  pair  with  respect  to 
diameter  XX  of  ring  8,  which  intersects  the  axis  of  arm 
9.  These  apertures  13  can  receive  corresponding 
screws  14  for  clamping  the  element  4  against  transla- 
tion  and  rotation  on  rod  1  in  the  chosen  position.  The 
solidity  of  this  fixation  is  increased  by  asperities  2  which 
afford  a  connection  of  very  high  mechanical  quality. 
[0023]  Pedicle  screw  3  constitutes  a  means  of  fixation 
of  arm  9  of  element  4  in  the  degenerative  vertebra  to  be 
treated.  In  order  to  do  this,  arm  9  is  introduced  in  U- 

shaped  body  5  and  blocked  by  the  aforementioned 
means  7,  17,  18  and  19.  Clamping  member  17  closes 
the  aperture  of  the  U  in  body  5  assuring  the  security  of 
the  mounting.  Indeed,  in  the  event  of  the  breakage  of 

5  lateral  screw  1  9,  arm  9  cannot,  due  to  the  fixing  of  mem- 
ber  1  7,  become  detached  from  the  body  5  of  the  screw 
3. 
[0024]  The  ring  8  can  be  mounted  free  in  translation 
and  in  rotation  on  the  principal  rod  1  and  can  then  be 

10  locked  on  the  rod  by  the  radial  means  constituted  by 
screws  1  4. 
[0025]  Alternatively,  the  means  for  fixation  of  arm  9  on 
the  vertebra  to  be  treated  can  be  formed  by  a  threaded 
plug,  according  with  the  teaching  of  the  French  patent 

15  2,633,  1  77  (88  08538)  or  by  a  system  similar  to  that  dis- 
closed  in  the  French  patent  2,545,350  (83  07450).  The 
asperities  on  arm  the  9  and  on  the  rod  1  are  preferably 
formed,  but  not  necessarily,  according  to  the  French 
patent  2,545,350  (83.07450).  (These  asperities  consti- 

20  tute  the  means  for  anchorage  of  the  extremities  of 
screws  14,  18  and  19.) 
[0026]  The  osteosynthesis  instrumentation  illustrated 
in  FIGS.  3  to  5  includes  two  straight  rods  1  ,  1  A  extend- 
ing  the  length  of  three  vertebrae,  for  example  L3,  12,  L1  , 

25  and  joined  by  known  transverse  connection  devices  21  . 
(These  devices  21  and  the  rod  1A  are  represented  in 
phantom  in  FIG.  5.)  The  intermediate  vertebra  12  is 
shifted  with  relationship  to  the  others  and  must  there- 
fore  be  restored  to  its  desired  position  by  positioning  the 

30  instrumentation. 
[0027]  The  osteosynthesis  device  according  to  the 
invention  is  placed  in  position  by  the  surgeon  in  the  fol- 
lowing  manner. 
[0028]  The  osteosynthesis  rods  1  and  1A  are  firmly 

35  set  in  two  points  of  anchorage  to  vertebrae  adjacent 
lumbar  vertebra  L2.  The  two  anchorage  points  of  rod  1 
are  then  accomplished  on  the  adjacent  vertebrae  L1 
and  L3,  by  screws  such  as  15  (FIG.  3),  of  a  known  type. 
The  surgeon  completes  the  mounting  with  the  trans- 

40  verse  connection  devices  21  jointing  rods  1  and  1A 
(FIG.  5). 
[0029]  The  rod  is  intended  to  serve  as  the  support  for 
lateral  connection  element  4,  which  is  previously  loosely 
joined  to  it  by  axial  introduction  of  ring  8  on  rod  1  .  The 

45  ring  8  becomes  trapped  but  is  free  in  rotation  and  in 
translation,  in  the  free  space  separating  fixation  screws 
1  5  from  osteosynthesis  rod  1  . 
[0030]  The  means  for  fixation  of  element  4  to  the 
degenerative  vertebra  L2  to  be  treated,  for  example  a 

so  pedicle  screw  3,  is  fixed  to  this  vertebra  12.  The  free 
end  of  arm  9  can  then  be  easily  introduced  in  channel 
10  of  U-shaped  body  5,  and  can  stay  free  in  translation 
and  rotation.  The  action  of  the  surgeon  consists  then, 
with  the  assistance  of  suitable  tools,  to  reposition  the 

55  vertebra  L2  with  relationship  to  the  adjacent  vertebrae 
L1  and  L3,  to  its  original  position.  To  do  this,  the  surgeon 
manipulates  body  5  of  the  screw  3.  This  having  been 
done,  the  rotational  position  of  ring  8  in  relationship  to 
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osteosynthesis  rod  1  is  automatically  modified,  and  in 
this  way  too  the  position  of  body  5  of  the  pedicular  screw 
3  along  the  length  of  the  lateral  connection  arm  9. 
[0031  ]  As  soon  as  the  surgeon  decides  that  the  given 
vertebra  L2  is  in  the  desired  position  with  relationship  to 
the  adjacent  vertebrae  L1  and  L3,  the  surgeon  tightens 
the  connections  by  first  the  anchorage  screws  1  4,  on 
rod  1  ,  then  screws  18,  19  on  arm  9,  in  order  to  achieve: 

on  one  hand  the  fixation  in  rotation  of  ring  8  on  the 
osteosynthesis  rod  1 
on  the  other  hand,  the  fixation  in  translation  and 
rotation  of  body  5  of  screw  3  on  lateral  arm  9. 

[0032]  The  position  of  the  vertebra  L2  to  be  treated  is 
then  firmly  maintained  mechanically  by  instrumentation. 
Of  course  the  second  osteosynthesis  rod  1A  of  the 
instrumentation  does  not  need  to  be  likewise  provided 
with  a  lateral  connection  element  4. 
[0033]  The  presence  of  asperities  on  the  whole  sur- 
face  of  the  rod  1  and  the  arm  9  allows  a  quality  anchor- 
age  of  the  blockage  screws  14,  18  and  19  to  be 
obtained  on  all  points  of  displacement.  These  screws 
act  radially  on  rod  1  and  arm  9  by  exerting  a  strong 
pressure,  thereby  assuring  a  favorable  connection  in 
rotation  and  translation. 
[0034]  Connection  element  4  according  to  the  inven- 
tion  enables  the  surgeon  to  link  a  rod  1  of  an  osteosyn- 
thesis  instrumentation  of  the  COTREL-DUBOUSSET 
type  to  a  pedicle  screw  or  to  a  sacral  screw,  leaving  it 
with  complete  freedom  in  the  respective  position  of  the 
two  respective  axes  of  the  rod  and  screw  (angles  arid 
distance).  Indeed  this  system  permits  a  rotation  of  the 
vertebra  in  the  horizontal  or  transverse  plane,  while  let- 
ting  this  vertebra  place  itself  angularly  in  the  sagittal 
plane  without  incurring  interference  constraints,  thanks 
to  the  degrees  of  freedom  allowed  by  the  mounting. 
Using  two  connection  elements  together  provides  even 
greater  degrees  of  freedom  by  the  mountings. 
[0035]  The  invention  is  not  limited  to  the  preferred 
embodiment  described,  arid  can  include  several  vari- 
ants  of  its  implementation. 
[0036]  Thus,  instead  of  being  completely  closed  as 
represented  in  the  drawing,  the  ring  can  be  opened  or 
presenting  a  slot  20  (FIG.  1).  The  blockage  or  fixation 
element  such  as  screws  14  (the  number  of  which  can 
evidently  vary  while  being  at  least  one),  then  extend 
through  the  ring  on  each  side  of  slot  20.  Likewise, 
anchorage  screw  3  can  be  substituted  by  a  screw  simi- 
lar  to  the  one  represented  in  FIG.  4  of  French  patent 
2,645,732  (89  04  926),  having  lateral  branches  of  une- 
qual  lengths  which  define  a  lateral  aperture,  and  no 
longer  a  rear  opening,  for  the  introduction  of  arm  9. 
Clamping  member  17  is  them  obviously  modified  to 
accommodate  this  asymmetrical  body.  This  last  type  of 
screw  brings  a  supplementary  security  in  the  mainte- 
nance  of  arm  9.  Clamping  member  17  can  likewise  be 
replaced  by  one  of  the  fixing  elements  described  in 

French  patent  2,645,732. 
[0037]  The  pedicle  screw  linked  to  the  degenerative 
vertebra  can  likewise  be  a  closed  head  screw.  It  can 
also  be  replaced  by  a  spinal  hook  provided  with  a  chan- 

5  nel  for  receiving  connection  element  4.  This  channel 
could  be,  like  the  screw,  closed  or  else  upwardly  open, 
and  presenting  a  similar  U-shape.  The  U-shaped  head 
of  the  hook  or  the  screw,  could  be  closed  by  a  threaded 
plug  such  as  described  in  French  patent  2,  633,  1  77  (88 

10  08  538)  of  24  June  1  998  filed  by  Yves  Cotrel. 
[0038]  Finally,  apertures  1  3  defined  in  ring  8  can  be  in 
number  more  or  less  that  those  described  previously  in 
the  preferred  embodiment.  Advantageously,  they  can  be 
arranged  on  the  ring  so  that,  whatever  the  rotation  of 

15  ring  8  on  rod  1  is  during  the  repositioning  of  the  degen- 
erative  vertebra  by  the  surgeon,  one  or  several  aper- 
tures  are  easily  accessible  to  introduce  there  a 
clamping  screw  on  rod  1  . 
[0039]  As  thus  far  described,  the  novel  connection  ele- 

20  ment  4  provides  means  for  varying  the  orientation  of  the 
fixation  screw,  such  as  screw  5,  relative  to  the  primary 
rod,  or  rod  1  .  As  explained  above,  manipulation  of  the 
displaced  vertebra  causes  the  connection  element  4  to 
rotate  and  its  engagement  with  the  screw  5  to  translate 

25  along  the  length  of  the  arm  9  until  the  vertebra  is  in  its 
proper  position.  At  that  time,  the  several  clamping 
screws  can  be  tightened  to  form  a  rigid  construct. 
[0040]  The  connection  element  4  has  been  found  to 
be  important  in  another  method  for  fixation  of  the  spine 

30  and  correction  of  spinal  deformities.  In  this  alternative 
method,  rather  than  manipulating  the  vertebra  itself  into 
position,  the  instrumentation  is  manipulated  to  adjust 
the  position  of  the  displaced  vertebra.  In  this  instance, 
then,  the  fixation  or  anchorage  element  3  translates  a 

35  corrective  force  to  the  vertebra,  rather  than  as  in  the 
previously  described  method  in  which  the  vertebra 
transmits  a  displacement  force  to  the  components  of  the 
connection  element.  It  will  be  appreciated  that  the 
method  itself  does  not  form  part  of  the  present  invention 

40  but  is  described  here  to  indicate  the  benefits  of  the 
apparatus  covered  by  the  present  invention. 
[0041]  In  order  to  facilitate  an  understanding  of  this 
method,  it  is  first  valuable  to  understand  the  biomechan- 
ics  of  the  spine  and  its  motion  segments,  as  developed 

45  by  the  present  inventor.  The  term  "motion  segment"  as 
used  herein  constitutes  adjacent  vertebrae  and  the  disc 
therebetween.  First  with  reference  to  FIG.  6A,  it  can  be 
seen  that  the  spine  can  be  divided  into  three  columns 
along  its  length  -  the  anterior,  middle  and  posterior  col- 

50  umns.  The  inventor  has  found  that  correction  of  spinal 
deformities  requires  consideration  of  correction  in  each 
of  these  three  columns. 
[0042]  Prior  art  techniques  for  correcting  spinal 
deformities  have  tended  to  focus  simply  upon  one  of  the 

55  three  columns,  usually  the  posterior  column.  For  exam- 
ple,  the  original  Harrington  system  contemplated  com- 
pression  or  distraction  using  posterior  instrumentation. 
Thus,  the  Harrington  instrumentation  achieves  com- 
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pression  or  distraction  of  the  posterior  column  of  the 
spine,  without  specific  consideration  of  the  impact  to  the 
spine  in  the  remaining  two  columns.  In  subsequent  seg- 
mental  systems  that  implement  anchorage  elements  at 
each  vertebral  level,  again  the  corrective  forces  are 
applied  typically  in  but  a  single  one  of  the  columns, 
which  may  lead  to  difficulties  in  the  other  of  the  columns 
of  the  spine. 
[0043]  In  other  systems,  the  spine  is  translated  to  a 
rigid  rod.  Examples  of  this  approach  can  be  found  in  the 
Luque  Wiring  System,  sold  by  Danek  Medical,  Inc.,  and 
the  Isola  System  of  AcroMed  Corp.  These  systems  pro- 
vide  little  control  of  transverse  rotation  of  the  motion 
segments.  A  third  approach  involves  engaging  a  pre- 
contoured  rod  to  the  spine  and  then  rolling  the  rod  to 
thereby  alleviate  an  abnormal  scoliotic  curvature.  This 
approach  again  provided  little  control  over  transverse 
rotation. 
[0044]  Understanding  of  this  new  method  also 
requires  consideration  of  the  spinal  motion  segments, 
or  the  the  relative  movement  between  two  adjacent  ver- 
tebrae  and  their  connecting  disk.  Proper  correction  of 
spinal  deformities  requires  consideration  of  the  biome- 
chanics  of  the  motion  segment  at  each  level  and  partic- 
ularly  requires  awareness  of  how  the  axes  of  motion  of 
the  segment  moves  as  the  segment  is  subjected  to 
bending,  tilting,  angulation  and  rotation.  As  will  be  more 
apparent  from  FIGS.  6,  7,  8,  the  axes  of  the  motion  seg- 
ments  both  rotate  and  translate.  Failure  to  consider  both 
types  of  motion  may  yield  inferior  correction  and  may 
lead  to  other  complications.  Accommodating  the  rota- 
tion  and  translation  of  the  motion  segment  axes  is 
important  to  permit  separate  control  of  each  of  the  three 
columns  of  the  spine  as  well  as  correction  in  each  of  the 
three  planes. 
[0045]  Prior  approaches  do  not  account  for  the  com- 
plicated  biomechanics  of  the  spine.  Distraction  or  com- 
pression  in  prior  rod  systems  utilizing  pre-contoured 
rods  tend  to  place  the  angle  of  angulation  of  the  spinal 
segment  far  removed  from  the  true  axis  of  the  motion 
segment.  Typically,  this  axis  of  angulation  in  prior  sys- 
tems  is  in  the  pedicle  into  which  the  screw  is  inserted 
and  not  at  the  level  of  the  disc,  deformity  or  injury.  As 
can  be  seen  from  the  following  discussion,  this 
approach  is  contrary  to  the  normal  biomechanics  of  the 
spine. 
[0046]  Referring  first  to  FIGS.  6A  -  6C,  a  spinal  motion 
segment  is  depicted  in  the  sagittal  plane.  In  FIG.  6A,  the 
neutral  position  of  the  motion  segment  is  shown  in 
which  the  axis  A  is  located  in  the  middle  column  and 
posteriorly  and  interiorly  in  the  disk.  In  the  sagittal 
plane,  the  motion  segment  is  subject  to  angulation  in 
which  the  adjacent  vertebrae  rotate  relative  to  each 
other.  In  the  case  of  flexion,  as  shown  in  FIG.  6B,  the 
axis  A  moves  anteriorly  and  superiorly  into  the  center  of 
the  disk.  On  the  other  hand,  in  extension,  as  shown  in 
FIG.  6C,  the  axis  moves  posteriorly  and  interiorly 
slightly  below  the  inferior  endplate  of  the  disk.  It  is  thus 

apparent  that  the  axis  of  each  spinal  motion  segment 
translates  with  angulation  in  the  sagittal  plane. 
[0047]  The  same  phenomenon  is  exhibited  in  the  fron- 
tal  plane,  as  shown  in  FIGS.  7A  and  7B.  In  FIG.  7A,  the 

5  neutral  position  of  the  axis  A  is  along  the  midline  of  the 
spine  and  somewhat  below  the  center  of  the  disk  close 
to  the  inferior  endplate.  With  the  inferior  vertebra  held 
stationary,  the  superior  vertebra  can  bend  laterally,  or 
tilt,  to  the  right  or  to  the  left.  A  tilt  to  the  right  is  depicted 

10  in  FIG.  7B,  in  which  it  is  seen  that  the  axis  A  moves  not 
only  laterally  to  the  left  but  also  somewhat  cephalad  into 
the  disk.  A  tilt  to  the  left  would  product  an  opposite  lat- 
eral  movement  of  the  axis  with  a  similar  cephalad  move- 
ment.  Again,  the  axis  of  the  motion  segment  translates 

15  in  the  frontal  plane. 
[0048]  Finally,  the  vertebrae  appear  in  the  transverse 
plane  in  FIGS.  8A  and  8B.  In  the  neutral  position  shown 
in  FIG.  8A,  the  axis  A  is  disposed  generally  in  the  cen- 
troid  of  the  neural  canal  C.  With  rotation  to  the  right  or 

20  left,  the  axis  A  always  remains  within  the  neural  canal, 
as  shown  in  FIG.  8B  for  rotation  to  the  right.  The  axis 
does  shift  laterally  somewhat  in  a  direction  opposite  to 
the  rotation,  but  nevertheless  always  remains  within  the 
canal.  This  is  an  important  aspect  of  proper  motion  of  a 

25  spinal  motion  segment  since  maintaining  the  axis  of  the 
motion  segment  within  the  neural  canal  is  protective  of 
all  of  the  neural  elements  passing  therethrough.  It  is 
believed  that  many  prior  systems  and  techniques  for 
correction  of  spinal  deformities  have  a  tendency  to  dis- 

30  place  the  axis  out  of  the  canal  leading  to  an  increased 
risk  of  damage  to  the  neural  elements.  It  can  be  seen 
from  this  view  in  the  transverse  plane  that  the  vertebral 
motion  segment  has  a  very  narrow  window  of  move- 
ment  before  the  axis  of  the  segment  leaves  the  canal  C. 

35  Any  correction  applied  to  the  spine  that  does  not  take 
into  account  the  aspects  of  rotation  in  the  transverse 
plane  of  a  motion  segment  carries  the  risk  of  damaging 
the  neural  elements  housed  within  the  canal. 
[0049]  From  the  foregoing  FIGS.  6-8,  it  can  be  seen 

40  that  every  segmental  spinal  motion  segment  involves 
both  translation  and  rotation  in  each  of  the  three  planes 
(sagittal,  frontal  and  transverse).  Thus,  in  the  frontal 
plane,  the  motion  segment  can  translate  up  and  down 
and  left  to  right,  and  can  rotate  or  tilt  left  or  right.  In  the 

45  sagittal  plane,  the  segment  can  translate  up  and  down 
and  posteriorly  and  anteriorly,  while  it  can  rotate,  or 
more  particularly  angulate,  in  flexion  or  extension. 
Finally,  in  the  transverse  plane,  the  motion  segment  bio- 
mechanics  yields  translation  to  the  right  or  left,  or  ante- 

so  riorly  or  posteriorly,  and  rotation  to  either  the  right  or  left, 
again  always  maintaining  the  axis  within  the  neural 
canal. 
[0050]  With  this  explanation  of  the  movement  of  the 
spinal  motion  segments,  it  can  be  appreciated  that  opti- 

55  mum  correction  of  spinal  deformities  should  permit  the 
motion  segments  to  move  in  the  manner  for  which  they 
were  designed.  In  relation  to  the  three  spinal  columns 
discussed  above,  it  is  also  important  to  control  the  cor- 
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rection  of  the  deformity  by  keeping  the  motion  segment 
axes  between  the  longitudinal  implant,  or  rod,  and  the 
middle  spinal  column,  or  close  to  the  neural  canal.  With 
the  present  technique,  it  is  possible  to  achieve  elonga- 
tion  or  distraction  of  the  anterior  and  middle  columns  5 
anterior  to  the  motion  segment  axis,  and  approximation 
or  compression  of  the  posterior  column  behind  the  axis. 
In  accordance  with  the  present  invention,  the  surgeon, 
and  not  the  instrumentation,  determines  the  location  of 
the  motion  segment  axes.  ro 
[0051  ]  A  further  feature  of  the  invention  provides  the 
means  for  achieving  this  optimum  segmental  and  global 
correction  of  the  spine.  More  particularly,  the  invention 
contemplates  in  situ  contouring  of  a  longitudinal  spinal 
implant  when  it  is  engaged  to  several  vertebral  bodies  15 
by  screws  or  hooks.  While  the  longitudinal  implant  may 
be  a  plate  or  bar,  the  present  embodiment  contemplates 
the  use  of  a  spinal  rod,  such  as  previously  described. 
Contouring  the  rod  alone  is  not  sufficient  and  will  frus- 
trate  the  normal  movement  of  the  three  columns  of  the  20 
spine  and  the  spinal  motion  segments.  Specifically,  in 
situ  contouring  of  a  rod  rigidly  engaged  to  the  spine  will 
simply  translate  the  vertebrae  without  considering  the 
needs  of  the  motion  segment  axes  explained  previously. 
[0052]  Thus,  a  further  aspect  resides  in  connecting  25 
the  vertebral  fixation  elements,  such  as  bone  screw  3, 
to  the  rod,  such  as  rod  1  ,  in  a  manner  that  permits  free 
rotation  and  translation  of  the  vertebra  to  which  the 
bone  screw  is  attached  relative  to  the  rod  as  it  is  being 
contoured.  This  capability  is  achieved  by  the  collar  or  30 
ring  8  engaged  to  the  rod  1  ,  as  well  as  the  cylindrical  fix- 
ing  element  17  engaged  to  the  arm  9  of  the  ring  8.  As 
previously  described,  each  of  these  components  is  free 
to  translate  and  rotate  relative  to  the  component  to 
which  they  are  engaged.  In  this  manner,  as  the  rod  is  35 
contoured,  corrective  forces  are  applied  to  the  vertebral 
segment  while  the  free  degrees  of  rotation  and  transla- 
tion  permit  the  vertebra  to  seek  its  proper  biomechani- 
cal  orientation.  In  addition,  this  approach 
accommodates  the  needed  and  necessary  transitional  40 
and  rotational  degrees  of  freedom  in  each  of  the  three 
planes  of  a  spinal  motion  segment. 
[0053]  Use  of  the  inventive  apparatus  for  correction  of 
spinal  deformities  can  be  readily  understood  from  a  few 
diagrammatic  representations.  45 
[0054]  Referring  first  to  the  examples  in  FIGS.  9A-9C, 
in  situ  contouring  of  the  rod  in  the  sagittal  plane  is 
depicted.  It  is  understood  that  the  system  can  be  gener- 
ally  constructed  as  illustrated  in  FIG.  3,  such  as  by 
implementing  a  rod  1  engaged  to  the  vertebra  by  way  of  so 
a  bone  screw  assembly  15.  The  construct  in  FIG.  9A 
represents  the  uncorrected  position  of  a  spinal  motion 
segment.  In  this  position,  the  bone  screw  assemblies  15 
are  displaced  from  each  other  by  a  distance  d-|.  In  this 
arrangement,  the  axis  A  of  the  motion  segment  is  ss 
located  in  the  middle  of  the  disk  D,  similar  to  the  position 
illustrated  in  FIG.  6B.  In  order  to  restore  the  segment  to 
its  proper  position  or  alignment,  and  in  order  to  exert  a 

proper  and  precise  biochemical  force  for  this  correction, 
it  is  necessary  that  the  axis  P  along  which  the  corrective 
force  is  applied  be  able  to  translate  in  the  anterior/pos- 
terior  direction. 
[0055]  This  neutral  position  is  shown  in  FIG.  9B  which 
shows  the  spinal  motion  segment  after  application  of  a 
bending  force  to  the  rod  1  .  This  bending  force  is  applied 
between  the  two  bone  screw  assemblies  15  so  that  the 
rod  1  is  essentially  bent  around  pivot  point  P,  with  the 
ends  of  the  rod  moving  in  the  direction  of  the  arrows  30. 
In  order  that  the  axis  A  be  permitted  to  translate,  it  is 
necessary  that  the  bone  screw  assemblies  1  5  be  able  to 
slide  along  the  rod  1  in  the  direction  indicated  by  the 
arrows  31.  Permitting  this  free  translation  of  the  screw 
assemblies  15  along  the  rod  1  allows  the  anterior  disk 
space  to  open  or  elongate  in  the  direction  of  the  arrows 
32.  Some  compression  of  the  posterior  disk  space  may 
also  occur.  In  this  instance,  contouring  the  rod  1  while 
permitting  sliding  movement  of  the  screw  assemblies  1  5 
leads  to  a  decrease  in  the  distance  between  the  screws, 
as  represented  by  the  distance  d2,  which  is  less  than 
their  original  uncorrected  distance  d-|.  It  can  further  be 
seen  that  the  axis  A  is  now  situated  in  its  proper  neutral 
position  as  shown  in  earlier  FIG.  6A. 
[0056]  The  in  situ  contouring  principles  also  contem- 
plate  contouring  the  rod  1  with  the  screw  assemblies  15 
fixed  to  the  rod,  as  shown  in  FIG.  9C.  In  this  instance, 
the  distance  measured  along  the  rod  between  the  two 
screw  assemblies  15  remains  constant  as  distance  d-|. 
Contouring  the  rod  1  about  the  pivot  point  P  not  only 
produces  distraction  at  the  anterior  part  of  the  disk,  as 
represented  by  arrows  32,  but  also  distraction  at  the 
posterior  part  of  the  disk  as  represented  by  arrows  33. 
This  procedure  may  be  important  to  open  up  the  disk 
space,  such  as  to  decompress  the  disk  D. 
[0057]  It  is  also  contemplated  that  both  steps  9B  and 
9C  can  be  implemented  to  not  only  to  control  the  axis  A 
relative  to  its  proper  neutral  position,  but  also  to  open  up 
the  neuroforamina  as  required.  Therefore,  the  rod  1  can 
be  contoured  slightly  with  the  screws  1  5  free  to  translate 
along  the  rod.  Subsequently,  the  screw  assemblies  15 
can  be  fixed  to  the  rod  and  further  contouring  of  the  rod 
1  be  accomplished  to  open  up  the  neuroforamina.  It  is 
understood  that  with  any  spinal  instrumentation,  it  is 
important  that  the  neuroforamina  remain  open  to  avoid 
trauma  to  the  spinal  cord.  In  the  preferred  procedure  to 
address  this  concern,  the  screw  assemblies  are  alter- 
nately  locked  and  released  on  the  rod,  and  the  rod  con- 
toured  with  each  type  of  fixation  to  achieve  an 
"averaged  axis"  in  the  sagittal  plane  with  respect  to  the 
bending  axis  P.  By  this  it  is  meant  that  the  axis  P  at 
which  the  contouring  force  is  applied  is  maintained  as 
close  to  the  neural  canal  as  possible  to  avoid  compro- 
mise  to  the  neuroforamina.  Typically,  the  "averaged 
axis"  will  reside  posterior  to  the  disc  and  anterior  to  the 
longitudinal  implant  or  rod.  Under  ideal  circumstances, 
the  longitudinal  implant  or  rod  would  extend  along  the 
length  of  the  spine  through  the  neural  canal.  Since  this 
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is  naturally  not  possible,  the  present  in  situ  contouring 
principles  allow  the  "averaged  axis"  of  the  rod  to  be 
manipulated  as  close  to  the  neuroforamina  as  possible. 
[0058]  With  this  example,  many  beneficial  aspects  of 
this  inventive  method  can  be  discerned.  It  should  first  be  s 
pointed  out  that  this  in  situ  contouring  approach  can  be 
implemented  with  any  longitudinal  implant,  such  as  rod, 
bar  or  plate.  Optimum  application  of  the  in  situ  contour- 
ing  technique  requires  that  the  osteosynthesis  implant, 
such  as  rod  1  ,  be  a  stiff,  strong  and  ductile  one.  This  ref-  10 
erence  to  a  stiff  strong  ductile  implant  encompasses 
many  mechanical  properties.  It  is  important  that  the 
implant  be  able  to  be  bent  without  elastically  springing 
back  completely  or  partially  to  its  original  position.  Thus, 
while  the  rod  1  must  be  ductile  enough  to  be  bent  in  is 
situ,  it  must  be  stiff  or  inelastic  enough  to  avoid  this 
"springback"  effect.  Finally,  the  rod  1  must  be  strong  to 
support  the  biomechanical  corrective  forces  being 
applied  to  the  vertebrae.  One  rod-type  longitudinal 
implant  has  been  found  that  fulfils  each  of  these  require-  20 
ments,  namely  the  Cotrel  rod  which  forms  part  of  the 
Compact  Cotrel-Dubousset  (CCD)  system  sold  by 
SOFAMOR,  S.A.,  of  Rang  du  Fliers,  France. 
[0059]  Other  longitudinal  implants  can  be  acceptable, 
such  as  the  Superflex  rod  sold  by  Danek  Medical  as  25 
part  no.  808-088.  The  CCD  rod,  such  as  the  CCD  7mm 
hyperquench  rod,  is  formed  of  316LVM  low  cold  worked 
stainless  steel.  The  preferred  implant  material  has  the 
strength  of  the  low  cold  worked  stainless  with  the  requi- 
site  ductility.  One  measure  of  this  ductility  is  the  "spring-  30 
back"  of  the  material,  which  can  be  expressed  in  terms 
of  the  ratio  between  the  residual  and  the  imposed  defor- 
mation  of  the  implant.  This  ratio  is  known  to  vary  as  the 
imposed  deformation  varies,  as  reflected  in  the  graph  in 
FIG.  10.  An  optimum  implant  material  will  exhibit  a  35 
"springback"  ratio  of  nearly  ninety  percent  (90%)  at 
imposed  deformations  of  20mm  or  more. 
[0060]  It  has  been  found  that  implants  with  higher 
"springback"  ratio  curves,  i.e.,  that  are  more  ductile,  are 
better  suited  for  the  in  situ  contouring  principles  due,  in  40 
part,  to  the  limited  space  available  at  the  site  of  the 
instrumentation  for  "over-bending"  the  implant.  It  is,  of 
course,  preferred  that  the  implant  maintain  its  imposed 
deformation,  but  it  is  understood  that  this  "perfect"  duc- 
tility  arises  at  a  sacrifice  to  strength.  The  aforemen-  45 
tioned  spinal  rod  products  exhibit  the  best  known  blend 
of  ductility  and  strength  for  the  in  situ  contouring  proce- 
dure. 
[0061]  It  should  be  appreciated  that  the  illustrated  in 
situ  contouring  technique,  as  enhanced  by  free  sliding  so 
movement  of  the  bone  screw  assemblies  1  5  relative  to 
the  rod  1  ,  allows  the  spinal  motion  segment  freedom  of 
movement  in  rotation  and  translation  in  each  of  the 
three  planes  of  motion  of  the  segment.  This  approach 
also  permits  optimum  correction  of  the  spine  in  each  of  ss 
the  three  spinal  columns.  With  this  approach,  that  is  in 
situ  contouring  with  the  screw  assemblies  inserted 
through  the  pedicles  into  the  anterior  vertebral  bodies, 

the  screws  are  used  as  much  for  application  of  correc- 
tive  forces  as  they  are  for  ultimate  fixation  of  the  system. 
[0062]  The  method  permits  the  greatest  possible  flex- 
ibility  to  the  surgeon  to  adjust  the  location  of  the  axis  A 
of  the  vertebral  motion  segment  simply  by  selection  of 
the  manner  in  which  the  rod  is  bent  and  the  fixity  of  the 
screw  assembly  15  to  the  rod  1.  For  instance,  in  the 
illustrated  embodiment  of  FIG.  9B,  rod  benders  are 
applied  directly  adjacent  each  other  at  the  pivot  point  P. 
Alternatively,  the  rod  1  can  be  bent  immediately  adja- 
cent  a  single  screw,  by  placing  the  rod  benders  on  both 
sides  and  close  to  the  head  of  the  screw  assembly, 
rather  than  between  the  screw  heads.  In  this  instance, 
the  specific  screw  will  translate  in  the  sagittal  plane  but 
not  angulate,  and  the  particular  vertebra  will  translate 
without  rotation.  The  pivot  point  P  can  also  be  shifted 
toward  one  screw  assembly  or  another  to  impart  a  dif- 
ferential  angulation  between  adjacent  vertebrae. 
[0063]  These  in  situ  contouring  principles  can  be 
applied  for  correction  or  contouring  anywhere  along  the 
spine.  For  instance,  kyphotic  contouring  in  the  sagittal 
plane  can  be  achieved  by  angulating  or  flexing  the 
screws  in  a  motion  segment  and  dorsally  or  posteriorly 
translating  the  segment  where  needed.  Lordotic  con- 
touring  in  the  sagittal  plane,  used  to  correct  kyphosis, 
can  restore  the  segmental  lordosis  where  needed  with- 
out  compression,  thereby  avoiding  disk  loading  and 
closing  of  the  neural  foramen.  Lordotic  contouring  with 
the  screw  assemblies  1  5  unlocked  and  then  locked  on 
the  rod  can  result  in  an  "averaged  axis"  of  angulation  sit- 
uated  between  the  back  of  the  disk  and  the  front  of  the 
rod,  that  is  somewhere  within  the  spinal  canal.  Thus, 
this  lordotic  contouring  gives  three  column  control  with 
selective  segmental  elongation  of  the  spine  anteriorly  to 
the  desired  axis,  and  segmental  approximation  of  the 
posterior  column  behind  the  axis.  The  segmental 
approximation  of  the  posterior  column  is  beneficial  for 
posterior  fusion. 
[0064]  It  can  also  be  appreciated  that  this  in  situ  con- 
touring  with  free  movement  of  the  fixation  assembly  on 
the  rod,  can  correct  tilt  of  a  given  vertebra  in  the  frontal 
plane  (see  FIGS.  7A-7B).  In  particular,  the  screw 
assemblies  15  are  not  only  free  to  translate  along  the 
length  of  the  rod  but  also  free  to  rotate  about  the  rod.  As 
the  rod  1  is  contoured  in  situ,  the  motion  segment  tends 
to  seek  its  neutral  axis  in  all  three  planes.  Thus,  a  given 
vertebra  may  tend  to  tilt  in  the  frontal  plane,  which 
movement  is  permitted  because  its  fixation  screw 
assembly  15  is  able  to  turn  in  the  pedicle  of  the  verte- 
bra. 
[0065]  It  has  been  found  that  translation  of  the  spine 
in  all  three  planes  achieved  by  the  in  situ  contouring 
principles  is  enhanced  by  use  of  the  lateral  connection 
element  4  previously  described.  To  control  torsion  or 
rotation  of  the  spinal  motion  segment  in  the  transverse 
plane  requires  force  application  anterior  to  the  axis  of 
rotation.  This  force  application  is  possible  with  screws 
advanced  through  the  pedicles  from  a  posterior 
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approach.  However,  this  approach  requires  the  trans- 
verse  connection  element  4  and  the  freedom  of  rota- 
tional  and  translational  movement  of  the  fixation  screw 
relative  to  the  element  4,  and  of  the  element  4  relative  to 
the  osteosynthesis  rod  1  . 
[0066]  In  the  past,  the  deformed  spine  has  been  trans- 
lated  to  a  rigid  pre-contoured  longitudinal  implant.  In 
another  technique,  a  pre-contoured  longitudinal  implant 
is  engaged  to  the  spine  and  then  the  implant  is  rolled 
within  the  patient,  ostensibly  correcting  the  spinal 
deformity.  However,  this  technique  of  rolling  the  rod 
leading  to  torque  transference  towards  the  ends  of  the 
instrumentation  can  be  problematic  and  a  contributor  to 
spinal  decompensation.  Moreover,  rolling  the  rod  does 
not  control  much  rotation  of  the  spine  in  the  transverse 
plane,  and  may  actually  increase  torsion  in  the  spine  to 
contribute  to  an  already  existing  rotational  deformity 
through  force  applications  acting  posterior  to  the  axis  of 
rotation  in  the  transverse  plane.  The  present  invention 
addresses  these  problems  with  prior  art  systems. 
[0067]  In  particular,  this  invention  recognizes  that  the 
vertebrae  must  be  able  to  angulate  in  the  sagittal  plane, 
as  well  as  translate  anteriorly  or  posteriorly  in  this  plane. 
The  vertebrae  must  likewise  be  able  to  translate  and 
rotate  in  the  transverse  plane,  which  plane  is  most 
affected  by  controlled  torsion  of  the  rod  1  .  Without  this 
freedom  of  movement,  that  is  with  all  the  components 
rigidly  fixed  together,  the  spine  will  bind  and  will  not  cor- 
rect  segmentally  when  torsion  is  applied  to  the  rod. 
These  principles  are  illustrated  in  FIGS.  1  1  A  and  1  1  B.  A 
spinal  rod  1  extends  on  one  side  of  the  spine  and  is 
engaged  at  its  ends  by  way  of  bone  screw  assemblies 
1  5  to  vertebrae  adjacent  to  the  displaced  vertebra.  The 
construct  includes  a  lateral  connection  element  4,  in 
which  the  ring  8  of  the  element  is  clamped  to  the  rod  1  . 
A  bone  anchorage  element  3  is  engaged  through  the 
pedicle  and  into  the  anterior  body  of  the  displaced  ver- 
tebra.  This  anchorage  element,  or  screw  3,  is  engaged 
to  the  arm  9  of  the  lateral  connection  element  4.  This 
assembly  is  identical  to  the  assembly  shown  in  FIG.  3. 
[0068]  As  with  the  prior  described  assembly,  the 
anchorage  screw  3  is  free  to  translate  and  rotate  along 
the  arm  9.  In  this  construct,  a  corrective  torsional  force 
35  is  applied  to  the  rod  1  so  that  the  lateral  connection 
element  4  rotates  in  the  direction  of  the  arrow  36.  As  the 
rod  1  is  rotated,  the  arm  9  also  pivots  in  the  direction  of 
arrow  37  which  causes  the  affected  disk  to  move  in  the 
direction  of  arrow  38  toward  its  proper  position.  The  cor- 
rective  force  that  moves  the  vertebra  back  to  its  position 
is  applied  through  the  arm  9  and  through  the  anchorage 
screw  3  directly  into  the  vertebra.  Since  this  correction 
in  the  transverse  plane  requires  both  rotation  and  trans- 
lation  of  the  axis  of  the  motion  segment,  the  anchorage 
screw  3  must  be  free  to  translate  along  the  arm  9.  Thus, 
the  screw  3  will  translate  in  the  direction  of  the  arrow  39 
toward  the  end  of  the  arm  9  as  the  affected  vertebra 
assumes  its  correct  position  relative  to  the  adjacent  ver- 
tebrae.  Once  the  vertebra  has  been  properly  positioned 

in  the  transverse  plane,  the  anchorage  screw  3  is  locked 
onto  the  arm  9  of  the  lateral  connection  element  4  to 
complete  this  aspect  of  the  construct. 
[0069]  It  should,  or  course,  be  understood  that  the 

5  screw  assemblies  15  are  not  rigidly  clamped  to  the  rod 
1  ,  so  that  these  assemblies  operate  as  a  bearing  for  the 
torsional  movement  of  the  rod  1  .  One  significant  benefit 
of  this  approach  is  that  unlike  prior  systems  this  direct 
derotation  still  permits  subsequent  segmental  sagittal 

10  plane  angulation,  which  is  necessary  to  correct  the 
motion  segment  in  the  sagittal  plane.  This  described 
approach  for  direct  derotation  produces  a  rotation/trans- 
lation  of  the  vertebra  to  be  treated. 
[0070]  The  lateral  connection  element  4  and  the  many 

15  degrees  of  freedom  provided  by  the  system  shown  in 
FIGS.  1  1  A  and  1  1  B  permits  great  flexibility  in  the  appli- 
cation  of  corrective  forces  to  the  spine.  For  instance,  the 
lateral  connector  element  4  can  be  free  to  rotate  around 
the  rod,  and  the  anchorage  screw  3  free  to  rotate  and 

20  translate  along  the  arm  9  of  the  lateral  connection  ele- 
ment  4. 
[0071  ]  The  tools  to  achieve  the  in  situ  contouring  of 
the  osteosynthesis  rod  1  are  depicted  in  FIGS.  12-16. 
Bending  irons  of  known  design  can  be  used  in  some 

25  applications  to  contour  the  ductile  rod  in  situ.  However, 
it  has  been  found  that  since  the  bending  of  the  rod 
occurs  within  the  patient  using  in  situ  contouring,  the 
anatomical  restrictions  have  dictated  the  development 
of  new  tools.  For  example,  the  L-bender  shown  in  FIGS. 

30  1  2A  and  1  2B  are  configured  for  corrections  in  the  frontal 
plane.  Specifically,  the  L-bender  40  includes  a  long  lever 
arm  41  that  is  manipulated  by  the  surgeon,  a  right  angle 
bend  42  at  one  end  of  the  arm  41  leads  to  the  gripper 
arm  43.  At  the  terminal  end  of  the  gripper  arm  43  is  a 

35  groove  44  defined  therein  to  receive  the  osteosynthesis 
rod  1  therein.  As  can  be  seen  from  FIG.  12A,  the  groove 
44  is  oriented  at  an  angle  relative  to  the  plane  of  the 
lever  arm  41  ,  more  particularly  because  the  gripper  arm 
43  is  itself  angled  upward  at  the  right  angle  bend  42. 

40  Left  arid  right  L-benders  are  provided  with  the  gripper 
arm  43  and  groove  44  oriented  90°  opposite  from  that 
shown  in  FIGS.  12A-12B.  Thus,  the  surgeon  can  place 
two  L-benders  immediately  adjacent  with  the  lever  arms 
41  diverging  to  provide  room  for  the  arms  to  be  manipu- 

45  lated  to  contour  the  ductile  rod. 
[0072]  The  L-bender  40  can  also  be  used  to  facilitate 
alignment  and  connection  of  the  various  implants  as 
they  are  being  inserted  into  the  patient.  In  usage,  the 
fulcrum  for  the  bending  force  applied  to  the  rod  is  at  the 

so  base  of  the  bender  40,  that  is  at  the  right  angle  bend  42. 
With  the  long  lever  arm  41,  significant  but  controlled 
forces  can  be  applied  to  bend  the  rod  with  less  effort. 
[0073]  It  has  also  been  found  that  contouring  rods  at 
any  time  can  cause  indentations  on  the  rod,  which  can 

55  ultimately  lead  to  early  fatigue  or  fracture.  The  rod  grip 
bender  45  depicted  in  FIGS.  13A-13B  addresses  this 
problem.  The  rod  grip  bender  45  includes  a  pair  of 
jointed  arms  46  and  47,  which  terminate  beyond  the 
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pivot  joint  in  a  pair  of  aperture  halves  48  and  49.  The 
aperture  halves  48  and  49  are  configured  to  receive  and 
grip  the  osteosynthesis  rod  1  therein  when  the  arms  46 
and  47  are  closed  together.  A  locking  mechanism  50  is 
provided  at  the  opposite  end  of  the  arms  46  and  47  to 
lock  the  arms  relative  to  each  other,  and  to  thereby  lock 
the  rod  grip  bender  to  the  rod  to  be  contoured. 
[0074]  Two  other  tools  useful  in  performing  in  situ  con- 
touring  of  the  rod  are  the  traction  rotator  52,  shown  in 
FIGS.  14A-B,  and  the  counter-rotator  65,  shown  in 
FIGS.  15A-B.  The  traction  rotator  52  and  counter-rotator 
65  are  configured  to  engage  a  lateral  connection  ele- 
ment  which  is  of  modified  design  with  respect  to  the 
connection  element  4  described  above.  This  modified 
lateral  connection  element  75,  depicted  in  FIG.  16,  is  in 
many  respects  similar  to  the  element  4.  For  example, 
the  element  75  includes  an  arm  76  radially  extending 
from  a  ring  77.  The  ring  77  has  an  aperture  78  sized  to 
receive  the  spinal  rod  1  therethrough.  A  number  of 
threaded  apertures  79  are  provided  to  receive  set 
screws  in  the  same  manner  as  the  connection  element 
4  shown  in  FIG.  1.  The  primary  modification  presented 
by  the  lateral  connection  element  75  is  the  provision  of 
a  dimple  80  in  the  free  end  of  the  arm  76,  and  a  corre- 
sponding  oppositely  located  dimple  81  in  the  ring  77. 
The  purpose  of  these  dimples  80  and  81  will  be 
explained  in  connection  with  the  rotator  52  and  counter- 
rotator  65. 
[0075]  The  traction  rotator  52  is  configured  to  rotate 
the  lateral  connection  element  75  relative  to  the  rod  1  , 
while  also  permitting  traction  of  an  anchorage  screw 
such  as  a  screw  3,  relative  to  the  arm  76  of  the  lateral 
connector  element.  The  traction  rotator  52  includes  a 
pair  of  arms  53  and  54  pivotably  mounted  near  the  grip- 
ping  end  of  the  arms.  As  with  the  rod  grip  bender  45,  the 
arms  include  a  locking  mechanism  55  for  locking  the 
arms  relative  to  each  other. 
[0076]  The  working  end  of  the  traction  rotator  52  is 
configured  to  grip  the  ring  77  of  the  lateral  connection 
element  75  to  allow  it  to  be  rotated  relative  to  the  rod  1  . 
Thus,  the  terminal  end  of  arm  54,  namely  end  56,  may 
include  a  pair  of  arms  57  separated  by  a  slot  58  to  cra- 
dle  opposite  sides  of  the  ring  77,  or  the  head  of  the  spi- 
nal  screw  mounted  on  the  arm  76.  The  other  arm  53 
terminates  at  its  end  60  in  a  projection  61  which  is  is 
adapted  to  extend  into  the  dimple  81  formed  in  the  ring 
77.  Thus,  this  traction  rotator  52  provides  means  for 
engaging  the  ring  77  of  the  lateral  connection  element 
75  so  that  it  can  be  rotated  relative  to  the  rod  1  .  Moreo- 
ver,  as  seen  in  FIG.  14B,  the  ends  56  and  60  of  the  trac- 
tion  rotator  52  are  configured  to  extend  around  from  one 
side  of  the  rod  to  the  other  to  permit  application  of  a 
traction  force  to  the  rod,  even  as  the  rod  is  rotated.  The 
tool  52  does  not  interfere  with  the  free  sliding  motion  of 
the  anchorage  screw  along  arm  76  of  the  lateral  con- 
nection  element  75.  Thus,  where  the  correction  requires 
rotation  and  translation  of  the  vertebra  to  be  treated, 
use  of  the  traction  rotator  52  permits  free  movement  of 

the  bone  screw  as  the  vertebra  seeks  its  anatomic  neu- 
tral  position. 
[0077]  The  counter-rotator  65  primarily  operates  as  an 
anchor  at  one  level  when  the  traction  rotator  52  is  being 

5  manipulated  at  a  higher  level.  The  counter-rotator  65 
includes  a  pair  of  arms  66  arid  67  pivotably  engaged 
near  their  respective  ends.  The  arm  66  includes  a  work- 
ing  end  69  having  a  recess  70  formed  therein.  This 
recess  70  is  configured  to  receive  the  free  end  of  arm  76 

10  of  the  lateral  connection  element  75.  Opposite  the 
recess  70,  on  the  working  end  72  of  arm  67,  is  a  projec- 
tion  73,  which  is  similar  to  the  projection  61  of  the  trac- 
tion  rotator  52.  This  projection  73  is  configured  to 
engage  the  dimple  81  in  the  ring  77  of  the  lateral  con- 

15  nection  element  75. 
[0078]  The  manner  in  which  the  foregoing  tools  52 
and  65  are  used  is  depicted  in  FIGS.  17-19.  Each  set  of 
figures  represents  "before  and  after"  representations  of 
the  motion  segments  as  viewed  from  the  frontal,  sagittal 

20  and  transverse  planes.  First,  with  reference  to  FIG.  1  7A, 
a  modified  traction  rotator  tool  85  is  shown.  This  tool  is 
the  substantial  equivalent  of  the  tool  52  shown  in  FIGS. 
14A-B  in  that  it  includes  hinged  arms  86  and  87,  with 
the  working  end  of  arm  87  terminating  in  a  projection 

25  88.  The  projection  88  is  configured  to  be  received  within 
a  dimple  81  in  the  ring  77  of  a  lateral  connection  ele- 
ment  75.  The  traction  rotator  85  is  modified  in  that  the 
working  end  of  the  second  arm  86  includes  a  barrel  89 
formed  at  the  end  of  the  arm.  The  barrel  89  is  sized  to 

30  receive  the  arm  76  of  the  lateral  connection  element  75. 
This  barrel  89  is  a  substitute  for  the  forked  arms  57  of 
the  rotator  52.  As  shown  in  FIG.  17A,  the  barrel  89  is  sli- 
dably  received  over  the  free  end  of  the  arm  76  of  the  lat- 
eral  connection  element  75.  The  barrel  89  is  of  sufficient 

35  depth  to  allow  the  barrel  to  move  significantly  along  the 
length  of  arm  76. 
[0079]  As  shown  in  FIGS.  17-18,  the  instrumented 
vertebrae  are  labeled  V1-V3,  with  the  middle  vertebra 
V2  being  misaligned.  The  object,  then,  is  to  reorient  the 

40  middle  vertebra  to  bring  it  into  alignment  with  the  verte- 
brae  Vi  and  V3,  This  object  can  be  accomplished  by  ori- 
enting  a  longitudinal  implant,  such  as  rod  1,  along  the 
spine.  A  bone  screw  assembly  15  is  engaged  into  each 
vertebra,  as  shown  most  clearly  in  FIG.  18A.  Each  bone 

45  screw  assembly  1  5  is  connected  to  the  rod  1  by  way  of 
a  pair  of  lateral  connection  elements  75  and  75'.  In  each 
pair,  the  ring  77  of  one  element  is  threaded  onto  the  rod 
1  ,  while  the  ring  of  the  other  element  75'  is  threaded 
onto  the  arm  76  of  the  first  element.  The  arm  76  of  the 

so  second  lateral  connection  element  75'  extends  gener- 
ally  parallel  to  the  principal  rod  1  . 
[0080]  In  the  illustrated  procedure,  a  counter-rotator 
65  is  used  to  grip  the  lateral  connection  element  75  of 
the  lowest  vertebra  V3  in  the  manner  described  above. 

55  The  bone  screw  assembly  1  5  at  this  level  can  be  rigidly 
fixed  to  its  corresponding  lateral  connection  element. 
However,  the  components  instrumenting  the  middle  ver- 
tebra  V2  are  engaged  but  remain  loose  so  that  the  com- 

10 



19 EP  0  719  118  B1 20 

ponents  can  translate  and  rotate  relative  to  each  other, 
in  the  manner  described  above  in  connection  with  the  in 
situ  contouring  principles.  The  traction  rotator  85  is  then 
used  to  grip  the  ends  of  the  lateral  connection  element 
75,  with  the  barrel  89  sliding  over  the  arm  76  until  it  con-  5 
tacts  the  second  lateral  connection  element  75'  to  which 
the  bone  screw  assembly  15  is  attached. 
[0081  ]  The  correction  is  accomplished  by  holding  the 
counter-rotator  65  generally  rigid,  which  thereby  holds 
the  vertebra  V3  and  the  rod  1  generally  immobile.  Next,  10 
the  traction  rotator  85  is  rotated  in  the  direction  of  the 
arrow  90  in  FIGS.  17B,  18B  and  19B,  or  away  from  the 
spinous  process.  The  goal  of  this  rotation  is  to  manipu- 
late  the  displaced  vertebra  V2  back  into  its  proper  orien- 
tation.  As  the  traction  rotator  85  is  pivoted,  the  lateral  15 
connection  element  75  that  is  engaged  by  the  rotator 
also  rotates  about  the  rod  1  .  The  second  lateral  connec- 
tion  element  75'  that  supports  the  bone  screw  assembly 
1  5  also  rotates  about  the  arm  75  of  the  first  connection 
element  75.  As  described  above,  the  manipulated  verte-  20 
bra  V2  will  automatically  seek  its  proper  position,  pro- 
vided  the  fixation  components  are  free  to  translate  and 
rotate  relative  the  fixation  rod  1.  The  vertebra  V2  is 
rotated  because  the  rotation  applied  by  the  traction  rota- 
tor  85  is  translated  through  the  lateral  connection  ele-  25 
ments  75  and  75',  through  the  bone  screw  assembly  1  5 
and  into  the  vertebra. 
[0082]  It  can  be  appreciated  that  as  the  vertebra  V2 
moves  toward  its  aligned  position,  the  bone  screw 
assembly  1  5  moves  relatively  laterally,  closer  to  the  rod  30 
1  .  Thus,  the  second  lateral  connection  element  75'  will 
automatically  slide  along  the  arm  76  of  the  first  connec- 
tion  element  75  in  the  direction  of  the  arrow  91  in  FIGS. 
1  7B  and  1  9B.  The  barrel  89  of  the  traction  rotator  85  is 
maintained  in  contact  with  the  second  lateral  connection  35 
element  75'  by  squeezing  the  arms  86  and  87  of  the  tool 
85  together.  Alternatively,  translation  of  the  element  75' 
along  the  arm  76  can  be  forced  by  compressing  the  tool 
as  it  is  rotated. 
[0083]  This  direct  derotation  of  the  spine  as  thus  far  40 
described  contemplates  using  the  traction  rotator  85 
with  the  barrel  89  engaged  over  the  ar,  75.  However, 
these  same  direct  derotation  principles  can  be  accom- 
plished  using  the  traction  rotator  52  shown  in  FIGS. 
14A-B.  In  this  instance,  the  forked  arms  57  would  45 
directly  contact  the  ring  of  the  second  lateral  connection 
element  75'.  Since  the  ring  of  the  second  element  75' 
will  slide  along  the  arm  75  of  the  first  connection  ele- 
ment  75,  the  arms  53  and  54  of  the  traction  rotator  52 
must  naturally  be  gradually  closed  together  until  the  so 
derotation  is  complete. 
[0084]  By  comparing  the  sets  of  "before  and  after"  fig- 
ures,  it  can  be  seen  that  the  vertebra  V2  translates  later- 
ally  (FIG.  17B)  and  rotates  (FIG.  19B).  Moreover,  the 
adjacent  vertebrae  V-|  and  V3  angulate  in  the  sagittal  55 
plane,  as  represented  by  the  diverging  arrows  92,  so 
that  all  of  the  vertebrae  assume  their  proper  anatomical 
orientation. 

[0085]  The  traction  rotators  52  and  85,  and  the  coun- 
ter-rotator  65  provide  another  means  for  correcting  spi- 
nal  deformities  by  direct  derotation  of  the  vertebra  to  be 
treated.  It  is  contemplated  that  this  direct  derotation  can 
be  used  in  conjunction  with  in  situ  contouring  to  achieve 
complete  correction  of  deformities  in  all  three  planes 
and  in  all  three  spinal  columns.  Atypical  procedure  may, 
for  example,  involve  using  the  rotators  and  counter-rota- 
tors  to  derotate  one  or  more  badly  misaligned  verte- 
brae.  This  direct  derotation  would  then  be  followed  by  in 
situ  contouring  of  the  longitudinal  implant  to  effect  cor- 
rection  of  the  remaining  deformities.  Preferably,  the 
direct  derotation  and  in  situ  contouring  will  progress 
from  the  lowest  level  of  instrumentation  to  the  highest. 
While  the  entire  spine  is  being  corrected,  the  present 
invention  permits  segmental  correction,  that  is,  correc- 
tion  limited  to  one  motion  segment  at  a  time.  This  seg- 
mental  procedure  allows  each  vertebra  to  seeks  its 
proper  anatomic  position  without  compromise  and  with- 
out  closing  the  neural  canal.  It  is  anticipated  that  the 
sequential  segmental  correction  may  be  repeated  from 
bottom  to  top  until  the  spine  is  nearly  perfectly  aligned. 
[0086]  In  many  instances,  correction  of  a  spinal 
deformity  requires  anchoring  the  interior  end  of  the  rod 
construct  in  the  sacrum.  Various  systems  for  sacral  fix- 
ation  are  known  in  the  art,  but  do  not  contemplate  a  sys- 
tem  adapted  for  in  situ  contouring  or  that  will 
significantly  resist  pullout  of  the  sacral  screws,  an  intras- 
acral  fixation  construct  is  depicted  in  FIGS.  20AB.  This 
intrasacral  fixation  involves  three  concepts.  In  the  first, 
an  osteosynthesis  rod  1  00  is  implanted  along  the  spine 
in  which  the  greatest  portion  101  of  the  rod  bears  sur- 
face  asperities,  as  on  rod  1  described  above.  This  por- 
tion  1  01  is  used  for  fixation  to  the  upper  vertebrae  of  the 
spine  in  a  manner  as  set  forth  in  the  earlier  described 
embodiments.  The  inferior  end  102  of  the  rod  can 
include  the  aasperities,  or  can  be  smooth  for  insertion 
into  a  borex  1  04  formed  in  the  lateral  sacral  mass.  In  the 
preferred  embodiment,  this  bore  104  is  slightly  curved, 
as  shown  in  FIG.  20B. 
[0087]  The  rod  1  00  is  supported  not  only  by  the  por- 
tion  102  engaged  in  the  sacrum,  but  also  by  a  sacral 
screw  105  that  enters  the  superior  portion  of  the  sacrum 
at  an  angle,  in  the  second  concept  of  this  inventive  fea- 
ture.  In  the  preferred  embodiment,  this  screw  105 
extends  through  the  subchondral  bone  of  the  sacrum 
and  through  the  L5-S1  disc  endplate,  as  can  be  seen  in 
FIG.  20A.  The  screw  105  includes  an  oblique  canal  106 
for  reception  of  the  rod  100  therethrough.  The  rod  100  is 
clamped  within  the  oblique  canal  106  by  one  or  more 
set  screws  107  or  other  locking  mechanisms.  The  canal 
106  may  be  oriented  at  a  number  of  angles  relative  to 
the  axis  of  the  screw  1  05  as  dictated  by  the  anatomy. 
[0088]  The  head  of  the  screw  1  05  is  preferably  buried 
into  the  bone  to  reduce  the  external  profile  of  the 
implant  and  to  orient  the  axis  of  the  rod  1  00  closer  to  the 
axis  of  rotation  of  the  pelvis.  To  facilitate  burying  the 
screw  into  the  bone,  the  screw  105  preferably  includes 
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a  set  screw  107  projecting  from  the  top  of  the  screw 
head.  The  screw  head  also  preferably  includes  a  hex 
driving  feature  to  receive  a  driving  tool  from  the  top.  The 
screw  1  05  is  then  threaded  into  the  sacrum  from  directly 
above  and  immediately  adjacent  the  iliac  crest.  Once 
the  screw  is  driven  deep  into  the  bone,  a  channel  is 
carved  from  the  sacrum  aligned  with  the  oblique  canal 
106  in  the  screw  105.  This  channel  will  receive  the  spi- 
nal  rod  100  when  it  is  loaded  into  the  sacral  screw  105. 
One  screw  that  is  well  suited  for  use  in  this  manner  is  a 
sacral  screw  provided  by  SOFAMOR,  SA  of  Rang  du 
Fliers,  France,  under  part  reference  number  9  60  25. 
[0089]  A  third  feature  of  the  intrasacral  fixation  resides 
in  a  "buttressing"  effect  provided  by  the  ilium  in  the 
region  of  fixation.  In  particular,  as  shown  in  FIG.  20B, 
the  ilium  I  overlaps  a  portion  of  the  sacrum  in  which  the 
rod  100  is  mounted.  Thus,  the  ilium  I  helps  support  the 
distal  rod  and  protect  the  screw  100  in  S1  from  exces- 
sive  stresses  that  lead  to  screw  pullout  in  prior  systems. 
Moreover,  the  insertion  of  the  end  portion  1  02  of  the  rod 
1  00  into  the  sacrum  adds  further  resistance  to  moments 
and  stresses  generated  by  corrective  forces  applied  to 
the  rod  1  00  and  vertebrae. 
[0090]  Moments  and  stresses  are  applied  to  the 
intrasacral  fixation  by  the  in  situ  contouring  of  the  rod 
100  when  its  distal  end  102  is  engaged  in  the  sacrum. 
For  example,  in  FIG.  20B  rod  benders  109  are  shown 
applied  to  contour  the  rod  at  the  lumbosacral  junction. 
Correction  at  this  level  may  be  necessary  to  address  a 
severe  scoliosis  or  correct  an  improper  pelvic  tilt.  The 
sacral  "buttress"  effect  provided  by  the  ilium  and  the 
sacral  engagement  of  the  rod  portion  1  02  resist  the  f  lex- 
ural  bending  loads  exerted  while  the  rod  is  contoured. 
These  same  features  are  beneficial  once  the  instrumen- 
tation  is  complete  to  enlist  the  leverage  provided  by  the 
pelvis  in  reducing  stresses  to  the  sacral  screws  105  dur- 
ing  the  fixation.  One  further  advantage  is  that  the  sacral 
screw  105  can  be  placed  in  the  S1  vertebra  farther  from 
the  instrumentation  in  L5  (not  shown),  augmented  by 
the  rod  end  portion  102  and  the  iliac  "buttress". 
[0091  ]  A  further  application  of  the  lateral  connection 
element  4  described  above  is  depicted  in  FIGS.  21  A- 
21  B.  In  particular,  the  lateral  connection  element  4  pro- 
vides  means  for  engaging  two  vertebral  fixation  ele- 
ments  at  the  same  level.  In  prior  systems,  vertebral 
fixation  elements,  such  as  hooks  or  screws,  were 
mounted  serially  on  the  spinal  rod.  However,  this  serial 
approach  is  limited  by  the  portions  of  the  vertebra  avail- 
able  for  engaging  a  hook  or  screw.  Other  prior  systems 
provide  a  lateral  extension  for  supporting  a  second  hook 
or  screw  in  the  same  vertebra,  but  this  second  screw  is 
necessarily  superior  or  inferior  to  the  first  vertebral  fixa- 
tion  element. 
[0092]  The  present  invention  provides  means  for 
engaging  more  than  one  fixation  element  into  a  given 
vertebra.  For  example,  as  shown  in  the  left  construct  in 
FIGS.  21  A-B,  a  hook  1  10  is  shown  mounted  to  the  rod  1 
in  a  manner  as  depicted  in  FIG.  1  .  Immediately  adjacent 

hook  1  1  0  is  a  lateral  connection  element  4  of  the  type 
shown  in  FIG.  1  .  A  second  lateral  connection  element  4' 
is  engaged  to  the  arm  9  of  the  first  such  element  4.  The 
arm  9'  of  this  second  element  4'  extends  parallel  with 

5  the  rod  1  and  back  toward  the  level  of  the  hook  1  1  0.  A 
second  vertebral  fixation  element,  such  as  hook  1  1  1  ,  is 
then  mounted  to  the  second  arm  9'. 
[0093]  Alternatively,  a  construct  as  shown  in  the  right 
side  of  the  figures  can  be  implemented  using  similar  lat- 

10  eral  connection  elements  4.  In  this  configuration,  the 
first  hook  112  and  second  hook  113  are  at  nearly  the 
same  level.  In  either  case,  the  set  of  hooks  can  be 
manipulated  to  engage  the  same  vertebra,  or  can 
engage  adjacent  vertebra  for  distraction. 

15  [0094]  Moreover,  one  of  the  hooks  of  the  pair  can  be 
replaced  by  a  bone  screw.  For  example,  the  hook  1  1  2  in 
the  right  construct  can  be  replaced  by  a  bone  screw, 
such  as  the  screw  assembly  1  5  in  FIG.  3.  The  screw  can 
be  engaged  in  the  pedicle  and  the  hook  1  13  engaged  to 

20  the  lamina  of  the  same  vertebra.  The  addition  of  the 
hook  helps  strengthen  the  constrict  against  pullout  of 
the  pedicle  screw.  Again,  it  is  the  versatility  of  the  lateral 
connection  element  4  that  permits  fixation  constructs 
not  yet  found  in  the  art. 

25  [0095]  While  the  invention  has  been  illustrated  and 
described  in  detail  in  the  drawings  and  foregoing 
description,  the  same  is  to  be  considered  as  illustrative 
and  not  restrictive  in  character,  it  being  understood  that 
only  the  preferred  embodiment  has  been  shown  and 

30  described  and  that  all  changes  and  modifications  that 
come  within  the  scope  of  the  invention  are  desired  to  be 
protected. 

Claims 
35 

1  .  A  spinal  fixation  device  comprising: 

a  longitudinal  member  (1)  designed  to  extend 
between  a  plurality  of  vertebrae  along  the 

40  length  of  the  spine; 
a  bone  anchorage  element  (3)  for  engaging  a 
vertebra; 
a  lateral  connection  element  (4)  interconnect- 
ing  the  longitudinal  member  (1)  and  said  bone 

45  anchorage  element  (3),  said  lateral  connection 
element  (4)  comprising; 

an  elongate  arm  (9)  that  is  adapted  to  sup- 
port  the  bone  anchorage  element  (3)  while 

so  permitting  rotation  of  said  element  (3) 
about  a  longitudinal  axis  of  the  arm  (9)  and 
translation  of  said  element  (3)  along  the 
arm  (9); 

55  a  body  (8)  at  one  end  of  said  arm,  the  body 
being  designed  to  receive  the  longitudinal 
member  (1),  so  that  the  body  is  free  to 
move  in  rotation  about  and  in  translation 
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along  the  longitudinal  member;  and 

fixing  means  (14)  for  fixing  the  arm  (9)  to  the 
longitudinal  member  (1)  characterised  in  that 
the  body  (8)  is  integral  with  one  end  of  said  arm 
(9)  and  is  in  the  form  of  a  cylindrical  ring  (8)  for 
encircling  said  longitudinal  member  (1),  said 
means  for  fixing  includes  at  least  one  clamping 
screw  (14),  and  said  ring  (8)  is  provided  with  a 
series  of  apertures  (13)  arranged  on  its  periph- 
ery  in  such  manner  that  at  least  one  thereof  is 
accessible  to  the  surgeon  for  inserting  said 
clamping  screw  (14)  therein,  regardless  of  the 
angular  position  of  the  ring  (8)  on  the  longitudi- 
nal  member  (1). 

2.  A  spinal  fixation  device  according  to  claim  1, 
wherein: 

said  longitudinal  member  is  an  elongated  rod; 
and  said  body  of  said  lateral  connection  ele- 
ment  defines  an  opening  therein  sized  to  slida- 
bly  receive  said  elongated  rod  therethrough. 

3.  A  spinal  fixation  device  according  to  claim  1  or  2, 
wherein: 

said  bone  anchorage  element  includes  a  U- 
shaped  body  for  receiving  said  arm  of  said  lat- 
eral  connection  element  therein. 

4.  A  spinal  fixation  device  according  to  any  one  of 
claims  1  to  3,  wherein  said  means  for  fixing  associ- 
ated  with  said  bone  anchorage  element  (3)  includes 
a  fixing  element  insertable  in  said  U-shaped  body 
(5)  of  said  bone  anchorage  element  (3)  and  having 
a  opening  therein  for  receiving  said  arm  (9)  there- 
through  when  said  fixing  element  is  inserted  in  said 
U-shaped  body  (5). 

5.  A  spinal  fixation  device  according  to  any  one  of 
claims  1  to  4  wherein; 

the  arm  (9)  is  cylindrical;  and 
the  U-shaped  body  (5)  defines  a  passage  (10) 
adapted  to  receive  said  arm  extended  there- 
through. 

6.  A  spinal  fixation  device  according  to  claim  3, 
wherein  the  U-shaped  body  (5)  of  the  bone  anchor- 
age  element  (3)  is  closed  by  a  screw  threaded  plug 
fixed  to  the  anchorage  element  (3)  after  insertion  of 
the  connection  element  (4),  on  which  the  plug  acts 
radially  for  exerting  a  clamping  force. 

7.  A  spinal  fixation  device  according  to  claim  5, 
wherein  the  ring  (8)  is  open  and  defines  a  slot  (20) 
therethrough  to  said  passage  (10). 
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8.  A  spinal  fixation  device  according  to  any  preceding 
claim,  wherein  the  surface  of  the  arm  (9)  has  a 
rough  finish  (1  1). 

5  9.  A  spinal  fixation  device  according  to  claim  8, 
wherein  said  rough  finish  is  obtained  by  knurling. 

10.  A  spinal  fixation  device  according  to  claim  1, 
wherein  there  is  provided  first  and  second  bone 

10  anchorage  elements  (3)  having  first  and  second 
body  portions  respectively  each  with  means  for 
mounting  said  body  portion  on  said  longitudinal 
member,  and  a  portion  configured  to  engage  one  of 
the  plurality  of  vertebrae; 

15 
first  and  second  connection  elements,  each 
having  a  body  defining  an  opening  there- 
through  and  an  elongate  arm  integral  with  said 
body  and  extending  outward  therefrom; 

20  wherein  said  second  connection  element  is 
engagable  to  said  longitudinal  member  with 
said  longitudinal  member  extending  through 
said  opening  in  said  body  of  said  second  ele- 
ment,  and 

25  said  first  connection  element  is  engagable  to 
said  second  connection  element  with  said  arm 
of  said  second  connection  element  extending 
through  said  opening  in  said  body  of  said  first 
connection  element. 

30 
Patentanspruche 

1  .  Spinalf  ixiervorrichtung,  die  folgendes  umfaBt: 

35  ein  Langsglied  (1),  das  dazu  ausgelegt  ist,  sich 
zwischen  einer  Mehrzahl  von  Wirbeln  entlang 
der  Lange  der  Wirbelsaule  zu  erstrecken; 
ein  Knochenverankerungselement  (3)  zur 
Ineingriffnahme  eines  Wirbels; 

40  ein  seitliches  Verbindungselement  (4),  das  das 
Langsglied  (1)  mitdem  Knochenverankerungs- 
element  (3)  verbindet,  wobei  das  seitliche 
Verbindungselement  (4)  folgendes  umfaBt: 

45  einen  langlichen  Arm  (9),  der  dazu  ange- 
paBt  ist,  das  Knochenverankerungsele- 
ment  (3)  zu  tragen  und  dabei  eine  Drehung 
des  Elements  (3)  urn  eine  Langsachse  des 
Arms  (9)  und  eine  Translation  des  Ele- 

50  ments  (3)  entlang  dem  Arm  (9)  zu  ermogli- 
chen; 

einen  Korper  (8)  an  einem  Ende  des  Arms, 
wobei  der  Korper  dazu  ausgelegt  ist,  das 

55  Langsglied  (1)  aufzunehmen,  so  daB  sich 
der  Korper  frei  in  einer  Drehung  urn  das 
Langsglied  und  in  einer  Translation  entlang 
dem  Langsglied  bewegen  kann;  und 
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ein  Befestigungsmittel  (1  4)  zum  Befestigen  des 
Arms  (9)  am  Langsglied  (1),  dadurch  gekenn- 
zeichnet,  daB  der  Korper  (8)  in  einem  Stuck  mit 
einem  Ende  des  Arms  (9)  gebildet  ist  und  die 
Form  eines  zylindrischen  Rings  (8)  zum 
Umfassen  des  Langsglieds  (1)  hat,  das 
genannte  Mittel  zum  Befestigen  mindestens 
eine  Klemmschraube  (14)  umfaBt  und  der  Ring 
(8)  mit  einer  Reihe  von  Offnungen  (13)  verse- 
hen  ist,  die  auf  eine  solche  Weise  auf  seiner 
Peripherie  angeordnet  sind,  daB  mindestens 
eine  davon  zum  Einsetzen  der  Klemmschraube 
(14)  darin  dem/r  Chirurgen/in  zuganglich  ist, 
und  zwar  unabhangig  von  der  Winkelposition 
des  Rings  (8)  auf  dem  Langsglied  (1). 

2.  Spinalfixiervorrichtung  nach  Anspruch  1,  bei  der: 
das  Langsglied  eine  langliche  Stange  ist;  und  der 
Korper  des  seitlichen  Verbindungselements  eine 
Offnung  darin  definiert,  die  dazu  abgemessen  ist, 
verschiebbar  die  langliche  Stange  dadurch  aufzu- 
nehmen. 

3.  Spinalfixiervorrichtung  nach  Anspruch  1  oder  2,  bei 
der:  das  Knochenverankerungselement  einen  U- 
formigen  Korper  zum  Aufnehmen  des  Arms  des 
seitlichen  Verbindungselements  darin  umfaBt. 

4.  Spinalfixiervorrichtung  nach  einem  der  Anspriiche 
1  bis  3,  bei  der  das  Mittel  zum  Befestigen,  das  mit 
dem  Knochenverankerungselement  (3)  assoziiert 
ist,  ein  Befestigungselement  umfaBt,  das  in  den  U- 
formigen  Korper  (5)  des  Knochenverankerungsele- 
ments  (3)  eingesetzt  werden  kann  und  eine  Off- 
nung  darin  zum  Aufnehmen  des  Arms  (9)  dadurch 
aufweist,  wenn  das  Befestigungselement  in  den  U- 
formigen  Korper  (5)  eingesetzt  wird. 

5.  Spinalfixiervorrichtung  nach  einem  der  Anspriiche 
1  bis  4,  bei  der 

der  Arm  (9)  zylindrisch  ist;  und 
der  U-formige  Korper  (5)  einen  Durchgang  (10) 
definiert,  der  dazu  angepaBt  ist,  den  sich 
dadurch  erstreckenden  Arm  aufzunehmen. 

6.  Spinalfixiervorrichtung  nach  Anspruch  3,  bei  der 
der  U-formige  Korper  (5)  des  Knochenveranke- 
rungselements  (3)  durch  einen  Stopsel  mit  Schrau- 
bengewinde  verschlossen  wird,  der  am 
Verankerungselement  (3)  befestigt  ist,  und  zwar 
nach  dem  Einsetzen  des  Verbindungselements  (4), 
auf  das  der  Bolzen  radial  wirkt,  urn  eine  Klemmkraft 
auszuuben. 

7.  Spinalfixiervorrichtung  nach  Anspruch  5,  bei  der 
der  Ring  (8)  often  ist  und  einen  Schlitz  (20)  dadurch 
zum  Durchgang  (10)  definiert. 
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8.  Spinalfixiervorrichtung  nach  einem  der  vorherge- 
henden  Anspriiche,  bei  der  die  Oberflache  des 
Arms  (9)  ein  rauhes  Finish  (1  1)  aufweist. 

5  9.  Spinalfixiervorrichtung  nach  Anspruch  8,  bei  der 
das  rauhe  Finish  durch  Randeln  erhalten  wird. 

10.  Spinalfixiervorrichtung  nach  Anspruch  1,  bei  der 
folgendes  bereitgestellt  wird:  ein  erstes  und  ein 

10  zweites  Knochenverankerungselement  (3),  die 
einen  ersten  bzw.  einen  zweiten  Korperabschnitt 
aufweisen,  die  jeweils  Mittel  zum  Anbringen  des 
Korperabschnitts  am  genannten  Langsglied  auf- 
weisen,  und  einen  Abschnitt,  der  dazu  konfiguriert 

15  ist,  eine  der  Mehrzahl  von  Wirbeln  in  Eingriff  zu 
nehmen; 

ein  erstes  und  ein  zweites  Verbindungs- 
element,  die  jeweils  einen  Korper,  der  eine  Off- 

20  nung  dadurch  definiert,  und  einen  langlichen 
Arm  aufweisen,  der  in  einem  Stuck  mit  dem 
Korper  gebildet  ist  und  sich  von  da  aus  nach 
auBen  erstreckt; 
bei  der  das  zweite  Verbindungselement  mit 

25  dem  Langsglied  in  Eingriff  gebracht  werden 
kann,  wobei  sich  das  Langsglied  durch  die  Off- 
nung  im  Korper  des  zweiten  Elements 
erstreckt,  und 
das  erste  Verbindungselement  mit  dem  zwei- 

30  ten  Verbindungselement  in  Eingriff  gebracht 
werden  kann,  wobei  sich  der  Arm  des  zweiten 
Verbindungselements  durch  die  Offnung  im 
Korper  des  ersten  Verbindungselements 
erstreckt. 

35 
Revendications 

1  .  Dispositif  de  fixation  spinale  comprenant  : 

40  un  element  longitudinal  (1)  congu  pour  s'eten- 
dre  entre  une  pluralite  de  vertebres  suivant  la 
longueur  de  la  colonne  vertebrale  ; 
un  element  d'ancrage  d'os  (3)  pour  cooperer 
avec  une  vertebre  ; 

45  un  element  de  connexion  lateral  (4)  qui  inter- 
connects  I'element  longitudinal  (1)  et  ledit  ele- 
ment  d'ancrage  d'os  (3),  ledit  element  de 
connexion  lateral  (4)  comprenant  : 

so  un  bras  allonge  (9)  qui  est  adapte  pour 
supporter  I'element  d'ancrage  d'os  (3)  tout 
en  permettant  la  rotation  dudit  element  (3) 
autour  d'un  axe  longitudinal  du  bras  (9)  et 
la  translation  dudit  element  (3)  suivant  le 

55  bras  (9)  ; 

un  corps  (8)  au  niveau  d'une  extremite 
dudit  bras,  le  corps  etant  congu  pour  rece- 

14 
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voir  I'element  longitudinal  (1)  de  telle  sorte 
que  le  corps  puisse  se  deplacer  librement 
en  rotation  autour  de  I'element  longitudinal 
et  en  translation  suivant  celui-ci  ;  et 

5 
un  moyen  de  fixation  (14)  pour  fixer  le  bras  (9) 
a  I'element  longitudinal  (1),  caracterise  en  ce 
que  le  corps  (8)  est  d'un  seul  tenant  avec  une 
extremite  dudit  bras  (9)  et  se  presente  sous  la 
forme  d'une  bague  cylindrique  (8)  pour  encer-  w 
cler  ledit  element  longitudinal  (1),  ledit  moyen 
de  fixation  inclut  au  moins  une  vis  d'immobili- 
sation  (14)  et  ladite  bague  (8)  est  munie  d'une 
serie  d'ouvertures  (13)  agencees  sur  sa  peri- 
pherie  de  telle  sorte  qu'au  moins  I'une  d'entre  is 
elles  soit  accessible  pour  que  le  chirurgien 
insere  ladite  vis  d'immobilisation  (14)  dedans, 
independamment  de  la  position  angulaire  de  la 
bague  (8)  sur  I'element  longitudinal  (1). 

20 
2.  Dispositif  de  fixation  spinale  selon  la  revendication 

1  ,  dans  lequel  ledit  element  longitudinal  est  une  tige 
allongee  et  ledit  corps  dudit  element  de  connexion 
lateral  definit  une  ouverture  dedans  dimensionnee 
pour  recevoir  de  fagon  coulissante  ladite  tige  allon-  25 
gee  au  travers. 

3.  Dispositif  de  fixation  spinale  selon  la  revendication 
1  ou  2,  dans  lequel  ledit  element  d'ancrage  d'os 
inclut  un  corps  en  forme  de  U  pour  recevoir  ledit  30 
bras  dudit  element  de  connexion  lateral  dedans. 

4.  Dispositif  de  fixation  spinale  selon  I'une  quelconque 
des  revendications  1  a  3,  dans  lequel  ledit  moyen 
de  fixation  associe  audit  element  d'ancrage  d'os  (3)  35 
inclut  un  element  de  fixation  qui  peut  etre  insere 
dans  ledit  corps  en  forme  de  U  (5)  dudit  element 
d'ancrage  d'os  (3)  et  qui  comporte  une  ouverture 
en  son  sein  pour  recevoir  ledit  bras  (9)  au  travers 
lorsque  ledit  element  de  fixation  est  insere  dans  40 
ledit  corps  en  forme  de  U  (5). 

7.  Dispositif  de  fixation  spinale  selon  la  revendication 
5,  dans  lequel  la  bague  (8)  est  ouverte  et  definit 
une  fente  (20)  au  travers  jusqu'audit  passage  (10). 

8.  Dispositif  de  fixation  spinale  selon  I'une  quelconque 
des  revendications  precedentes,  dans  lequel  la  sur- 
face  du  bras  (9)  presente  un  fini  rugueux  (1  1). 

9.  Dispositif  de  fixation  spinale  selon  la  revendication 
8,  dans  lequel  ledit  fini  rugueux  est  obtenu  par 
moletage. 

10.  Dispositif  de  fixation  spinale  selon  la  revendication 
1  ,  dans  lequel  sont  prevus: 

des  premier  et  second  elements  d'ancrage  d'os 
(3)  comportant  des  premiere  et  seconde  par- 
ties  de  corps  dont  chacun  est  respectivement 
muni  d'un  moyen  pour  monter  ladite  partie  de 
corps  sur  ledit  element  longitudinal  et  une  par- 
tie  configuree  pour  cooperer  avec  I'une  de  la 
pluralite  de  vertebres; 

des  premier  et  second  elements  de  con- 
nexion  dont  chacun  comporte  un  corps 
definissant  une  ouverture  au  travers  et  un 
bras  allonge  d'un  seul  tenant  avec  ledit 
corps  et  s'etendant  vers  I'exterieur  depuis, 
dans  lequel  : 
ledit  second  element  de  connexion  peut 
venir  cooperer  avec  ledit  element  longitudi- 
nal,  ledit  element  longitudinal  s'etendant 
au  travers  de  ladite  ouverture  dans  ledit 
corps  dudit  second  element  ;  et 
ledit  premier  element  de  connexion  peut 
venir  cooperer  avec  ledit  second  element 
de  connexion,  ledit  bras  dudit  second  ele- 
ment  de  connexion  s'etendant  au  travers 
de  ladite  ouverture  dans  ledit  corps  dudit 
premier  element  de  connexion. 

5.  Dispositif  de  fixation  spinale  selon  I'une  quelconque 
des  revendications  1  a  4,  dans  lequel  : 

45 
le  bras  (9)  est  cylindrique  ;  et 
le  corps  en  forme  de  U  (5)  definit  un  passage 
(1  0)  adapte  pour  recevoir  ledit  bras  etendu  au 
travers. 

50 
6.  Dispositif  de  fixation  spinale  selon  la  revendication 

3,  dans  lequel  le  corps  en  forme  de  U  (5)  de  I'ele- 
ment  d'ancrage  d'os  (3)  est  ferme  par  un  bouchon 
filete  de  vissage  fixe  sur  I'element  d'ancrage  (3) 
apres  insertion  de  I'element  de  connexion  (4)  sur  55 
lequel  le  bouchon  opere  radialement  pour  exercer 
une  force  d'immobilisation. 

15 
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