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Description 

This  invention  pertains  to  apparatus  for  holding 
part  of  a  patient's  body,  such  as  a  limb,  portion  or 
a  limb,  extremity  organ  or  tissue,  in  a  number  of 
different  positions  required  by  the  surgeon  for  the 
performance  of  a  surgical  procedure,  and  pertains 
to  related  means  for  economically  and  efficiently 
providing  a  sterile  barrier  between  the  surgical  site 
and  the  positioning  apparatus.  In  particular  the  in- 
vention  pertains  to  a  limb  positioning  apparatus 
comprising  a  plurality  of  positioning  members  inter- 
connecting  a  grasping  means  for  grasping  a  part  of 
a  patient's  body,  to  a  supporting  point,  each  mem- 
ber  including  selectably  positionable  joints  which 
may  be  locked  in  a  selected  position,  and  appara- 
tus  for  establishing  a  sterile  barrier  between  a 
surgical  site  and  a  patient's  limb,  while  the  limb  is 
connected  to  a  supporting  point  by  a  limb  position- 
ing  apparatus,  such  that  the  combination  of  the 
limb,  limb  positioning  apparatus,  the  supporting 
point  and  the  patient's  body  form  an  annular  shape. 

Many  surgical  procedures  require  that  a  pa- 
tient's  body  part,  such  as  a  limb,  portion  of  a  limb, 
extremity,  organ  or  tissue  be  positioned  in  a  num- 
ber  of  different  positions  for  the  performance  of  a 
surgical  procedure.  It  is  desirable  that  the  operating 
surgeon  or  surgical  assistant  be  able  to  move  the 
limb  or  other  body  part  into  other  positions  and 
configurations  that  may  be  required  during  the 
course  of  the  surgical  procedure.  It  is  also  desir- 
able  that  any  positioning  apparatus  that  may  be 
used  to  achieve  such  positions  and  configurations 
not  obstruct  the  surgical  site,  and  be  able  to  avoid 
any  obstacles  that  may  exist  around  the  surgical 
site,  such  as  medical  imaging  systems,  operating 
room  lights,  instrument  trays,  or  other  apparatus. 

Various  methods  for  positioning  and  supporting 
a  patient's  limb  or  body  part  are  known  in  the  prior 
art.  One  common  method  for  positioning  a  body 
part  is  to  have  a  sterile  surgical  assistant  hold  the 
body  part  in  a  desired  position,  and  change  the 
position  when  and  as  requested  by  the  operating 
surgeon.  This  task  is  fatiguing  for  the  surgical  as- 
sistant,  and  this  technique  may  not  support  the 
patient's  body  part  in  a  sufficiently  precise  and 
rigid  manner  for  the  surgical  procedure.  Other  typi- 
cal  methods  for  positioning  a  patient's  limb  are  to 
rest  the  limb  on  a  table  for  that  purpose,  to  hang 
the  limb  over  part  of  the  operating  room  table,  or  to 
rest  the  limb  on  the  lap  of  a  seated  operating 
surgeon.  All  of  these  techniques  offer  a  very  limited 
range  of  possible  limb  configurations,  serve  to  re- 
strict  the  movement  of  the  surgeon,  and  result  in 
reduced  precision  and  rigidity  of  support. 

In  addition  to  the  methods  for  positioning  illus- 
trated  above,  apparatus  for  supporting  and  posi- 
tioning  body  parts  exists  in  the  art.  One  common 

supporting  means  consists  of  slings  attached  to  the 
patient's  limb,  ropes  and  occasionally  weights, 
which  are  hung  over  or  tied  to  operating  room  light 
fixtures,  intravenous  fluid  support  stands,  or  other 

5  operating  room  fixtures  in  order  to  suspend  the 
limb  (e.g.  see  Herschman,  Z.J.,  Frost,  E.A.M,  Gol- 
diner,  P.L.;  Pulse  Oximetry  during  Shoulder  Arth- 
roscopy,  Anesthesiology,  65:565-566,  1986).  These 
types  of  supporting  means  are  difficult  to  set  up 

io  and  take  down,  clumsy  to  adjust,  and  often  ob- 
struct  the  surgical  site.  Furthermore,  adjusting  such 
apparatus  to  achieve  a  new  position  may  require 
the  assistance  of  a  non-sterile  person,  in  that  op- 
erating  room  fixtures  and  support  stands  that  may 

75  require  re-positioning  are  not  considered  sterile, 
hence  cannot  be  touched  by  a  surgeon.  This  may 
preclude  optimal  positioning  of  the  limb  or  body 
part,  as  the  surgeon  may  no  longer  have  direct 
control  over  the  final  position  of  the  limb  or  body 

20  part. 
Additional  specialized  positioning  devices  for 

supporting  limbs  or  body  parts  are  known  in  the 
prior  art.  One  class  of  positioning  device  includes  a 
wide  variety  of  devices  for  holding  a  patient's  leg  in 

25  position  for  arthroscopic  knee  surgery.  Such  de- 
vices  generally  grip  the  patient's  leg  near  the  foot, 
and  also  at  the  thigh.  Means  are  provided  to  allow 
the  surgeon  to  move  the  lower  leg  into  various 
configurations  suitable  for  arthroscopic  surgery, 

30  while  the  upper  part  of  the  leg  is  held  in  a  fixed 
position.  Such  devices  are  suitable  only  for  surgery 
at  or  near  the  knee,  and  are  not  suitable  for  use 
during  preparation  of  the  limb  for  surgery.  In  Addi- 
tion,  these  devices  cannot  be  positioned  so  as  to 

35  avoid  obstacles  near  the  surgical  site,  may  obstruct 
the  surgical  site,  do  not  offer  any  means  for  de- 
taching  the  grasping  means  and  attaching  another 
grasping  means  for  grasping  another  body  part, 
and  are  difficult  to  drape  to  establish  a  sterile 

40  barrier  between  the  surgical  site  and  the  patient's 
limb  while  it  is  grasped  by  the  positioning  device. 

US-A-3  278  207  discloses  a  surgical  position- 
ing  apparatus  for  supporting  a  part  of  a  patient's 
body,  the  apparatus  consisting  of  a  plurality  of 

45  joints  which  are  clamped  with  a  single  motion  by  a 
lever  projecting  from  the  apparatus. 

US-A-3  278  207  discloses  a  surgical  position- 
ing  apparatus  having  the  features  recited  in  the 
precharacterising  section  of  Claim  1  . 

50  EP-A-0  201  883  discloses  a  medical  robot  for 
supporting  a  part  of  a  patient's  body,  which  robot 
comprises  a  plurality  of  joints  which  can  be  selec- 
tively  locked  or  unlocked  to  allow  manipulation  of 
the  joints. 

55  The  concept  of  articulated  positioning  mem- 
bers  exists  in  the  art  of  robotics,  where  jointed  rigid 
members  are  combined  to  form  an  articulated  arm. 
(e.g.  see  Koren,  Y;,  Robotics  for  Engineers,  Articu- 

2 



3 EP  0  276  162  B1 4 

lated  Robots;  page  43-44,  1985). 
One  problem  that  is  common  to  any  means  of 

supporting  a  patient's  limb  or  body  part  is  that  of 
establishing  a  suitable  sterile  barrier  between  a 
surgical  site  and  a  patient's  limb  or  body  part  while 
it  is  being  supported  by  a  positioning  means.  The 
patient's  limb,  the  positioning  means,  the  support- 
ing  point  to  which  the  positioning  means  is  con- 
nected,  and  the  patient's  body  form  a  closed  an- 
nular  shape.  This  closed  annular  shape  is  usually 
established  when  the  patient's  limb  is  connected  to 
the  positioning  means  to  hold  the  limb  in  position 
for  preparation  of  the  surgical  site.  It  is  undesirable 
to  detach  the  patient's  limb  from  the  positioning 
means  to  apply  a  sterile  surgical  drape  to  the  limb 
or  positioning  means  after  the  surgical  site  is  pre- 
pared,  as  this  may  contaminate  the  prepared  sur- 
gical  site.  It  is  also  undesirable  to  cover  the  limb 
and  positioning  means  with  sterile  drapes  before 
the  surgical  site  is  prepared,  as  the  solutions  used 
for  preparation  may  contaminate  the  drape. 

One  method  of  draping  such  an  annular  shape 
is  to  drape  flat  sterile  sheets  over  the  limb  and 
positioning  means,  and  fasten  the  drapes  in  posi- 
tion  with  sterile  clips  or  tape.  This  may  leave  open- 
ings  in  the  drape,  compromising  the  integrity  of  the 
sterile  barrier,  and  will  usually  leave  a  large  amount 
of  excess  drape  hanging  from  the  limb  and  sup- 
porting  means,  such  that  it  may  obstruct  the  sur- 
gical  site. 

A  preferred  form  of  sterile  cover  for  such  an 
annular  shape  consists  of  an  elongated  flexible 
tube,  made  of  an  impervious  sterile  material  such 
as  a  flexible  thermoplastic,  which  is  placed  over  the 
limb  and  positioning  means  to  act  as  a  sterile 
sleeve.  Such  a  sleeve  may  be  considered  to  be  a 
torus,  where  a  torus  is  defined  by  the  Oxford 
English  Dictionary  as  "a  surface  generated  by  the 
rotation  of  a  plane  closed  curve  about  an  axis  lying 
in  its  plane,  but  not  intersecting  it."  The  draping 
problem  can  thus  be  described  as  a  need  to  inter- 
link  a  toroidal  sterile  drape  with  a  closed  annular 
shape,  in  which  the  annular  shape,  when  first 
closed,  is  considered  to  be  nonsterile  or  contami- 
nated. 

Although  many  examples  of  sterile  drapes  in 
the  form  of  a  elongated  flexible  tube  or  torus  are 
known  in  the  art,  none  provide  a  means  so  that 
such  a  sterile  drape  can  be  interlinked  with  a 
nonsterile  or  contaminated  limb  or  positioning 
means  without  contaminating  the  drape. 

A  sterile  drape  must  be  packaged  so  that  there 
is  a  means  by  which  the  sterile  drape  can  be 
removed  from  the  nonsterile  outer  package  in  such 
a  way  that  the  sterile  drape  is  not  contaminated. 
This  problem  is  generally  overcome  by  providing 
an  outer  package  which  can  be  opened  by  a  non- 
sterile  person  to  expose  the  sterile  drape  such  that 

a  sterile  person  can  remove  the  drape  without 
contaminating  it.  As  the  edges  of  the  outer  non- 
sterile  package  are  considered  to  be  contaminated, 
it  is  important  that  some  means  be  provided  to 

5  keep  the  edges  of  the  outer  package  well  away 
from  the  sterile  drape  and  the  hands  of  the  sterile 
person  attempting  to  remove  the  drape  from  the 
package. 

According  to  this  invention  there  is  provided  a 
io  surgical  positioning  apparatus  comprising:  means 

for  holding  a  part  of  a  patient's  body,  a  plurality  of 
positioning  members  connected  in  series  by  selec- 
tably  positionable  joints  between  the  holding 
means  and  a  supporting  point,  each  one  of  said 

is  joints  being  constructed  to  have  more  than  one 
degree  of  freedom  of  movement;  locking  and  un- 
locking  means  for  locking  and  unlocking  said 
positionable  joints;  said  surgical  positioning  appara- 
tus  being  useful  for  grasping  and  holding  part  of  a 

20  patient's  body  such  as  a  limb,  extremity,  organ  or 
tissue  in  a  number  of  different  positions  required 
by  a  surgeon  for  the  performance  of  a  surgical 
procedure;  said  holding  means  comprising  grasp- 
ing  means  for  securely  grasping  the  part  of  a 

25  patient's  body;  each  joint  including  a  ball  charac- 
terised  in  that  said  balls  are  unitary  and  said  sur- 
gical  positioning  apparatus  further  comprises:  sig- 
nal  generating  means  for  enabling  an  operator  to 
produce  first  and  second  control  signals;  said  lock- 

30  ing  and  unlocking  means  including  a  contact  mem- 
ber  movable  away  from  said  actuating  means  into 
locking  contact  with  the  ball  and  toward  said  ac- 
tuating  means  to  unlock  the  ball;  actuating  means 
for  operating  said  locking  and  unlocking  means, 

35  said  locking  and  unlocking  means  including  an 
actuator  housed  within  a  tube  that  extends  between 
each  joint,  and  a  lever  mechanism  housed  within 
the  tube  and  connected  between  each  actuator  and 
contact  member  so  that  substantially  all  of  the 

40  moving  parts  for  locking  and  unlocking  the  joints 
are  housed  within  the  tube,  the  locking  and  unloc- 
king  means  being  operable  for  selectively  locking 
one  or  more  of  the  positionable  joints  in  a  selected 
position  independently  of  the  remaining  unselected 

45  joints,  and  for  selectively  unlocking  one  or  more  of 
the  positionable  joints  independently  of  the  remain- 
ing  unselected  joints;  and  said  actuating  means 
operating  said  locking  means  in  response  to  a  first 
of  said  control  signals  and  operating  said  unlocking 

50  means  in  response  to  a  second  of  said  control 
signals. 

Embodiments  of  the  invention  may  incorporate 
apparatus  for  establishing  a  sterile  barrier  between 
a  sterile  surgical  site  and  a  patient's  limb,  while 

55  said  limb  is  attached  to  a  supporting  point  by  a 
limb  positioning  apparatus,  which  that  the  combina- 
tion  of  the  limb,  the  limb  positioning  apparatus,  the 
supporting  point  and  the  patient's  body  for  an 
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annular  shape. 
Advantageously,  the  limb  positioning  apparatus 

is  constructed  of  identical  positioning  members, 
any  number  of  which  may  be  linked  together  to 
provide  the  limb  positioning  apparatus  with  a  great- 
er  or  lesser  reach  or  number  of  degrees  of  free- 
dom.  Furthermore,  said  positioning  members  may 
be  of  sizes  and  strengths  suitable  for  manipulating 
various  limbs  and  body  parts. 

Other  embodiments  of  the  present  invention 
may  include  a  mechanism  for  attaching  and  de- 
taching  a  wide  variety  of  grasping  means  to  the 
limb  positioning  apparatus  and  a  control  signal 
generating  means  for  locking  and  unlocking  the 
positioning  apparatus  which  is  attached  to  said 
positioning  apparatus  such  that  an  operator  must 
be  in  contact  with  the  structure  to  unlock  the  sup- 
porting  apparatus. 

A  preferred  embodiment  of  the  invention  may 
be  largely  constructed  out  of  X-ray  translucent  ma- 
terials  so  that  the  positioning  members  will  mini- 
mally  interfere  with  medical  X-ray  images  taken  of 
the  body  part  while  it  is  held  by  the  limb  position- 
ing  apparatus. 

A  limb  positioning  apparatus  that  forms  one 
embodiment  of  the  present  invention  may  comprise 
one  or  more  similar  positioning  members,  each 
positioning  member  having  a  cylindrical  shape,  at 
each  end  of  which  is  located  a  ball  joint  mecha- 
nism  providing  three  mutually  perpendicular  rota- 
tional  degrees  of  freedom  to  the  limb  positioning 
apparatus.  Within  each  positioning  member  is  in- 
cluded  means  for  alternately  locking  and  unlocking 
said  ball  joints. 

A  sterile  draping  means  may  be  provided 
which  consists  of  an  elongated  tube  made  of  a 
flexible,  impervious  sterile  material,  such  as  a  flexi- 
ble  thermoplastic  material,  rolled  or  folded  into  a 
toroidal  shape.  This  toroidal  shape  is  sealed  within 
a  removable  impervious  material  which  serves  to 
protect  the  sterile  materials  from  contamination, 
and  provides  a  means  for  exposing  the  sterile 
elongated  tube  without  contaminating  it.  The  drap- 
ing  apparatus  can  be  placed  around  a  positioning 
apparatus  before  it  is  attached  to  a  patient's  limb, 
and  the  removable  impervious  material  removed 
when  appropriate,  to  allow  the  sterile  elongated 
tube  to  be  unrolled  or  unfolded  over  the  positioning 
apparatus  and  patient's  limb  to  establish  a  sterile 
barrier. 

The  invention  will  now  be  described  by  way  of 
example  with  reference  to  the  accompanying  draw- 
ings  in  which: 

FIGURE  1  is  a  pictorial  illustration  of  a  limb 
positioning  apparatus  configured  as  an  arm  ma- 
nipulator  for  assisting  in  the  performance  of  sur- 
gical  operations, 

FIGURE  2  is  a  cross-section  drawing  of  one 
positioning  member  of  the  limb  positioning  ap- 
paratus  of  Figure  1  , 
FIGURE  3  is  a  cross-section  side  elevation  view 

5  of  the  apparatus  for  attaching  the  limb  position- 
ing  apparatus  of  Figure  1  to  an  operating  room 
table, 
FIGURE  4  is  a  cross-section  plan  view  of  the 
apparatus  of  Figure  3, 

70  FIGURE  5  is  a  pictorial  illustration  of  the  grasp- 
ing  means  of  the  limb  positioning  apparatus  of 
Figure  1  , 
FIGURE  6  is  a  cross-section  drawing  of  appara- 
tus  for  packaging  and  applying  a  sterile  drape  to 

75  the  limb  positioning  apparatus  of  Figure  1  , 
FIGURE  7  is  a  pictorial  illustration  of  the  sterile 
drape  of  Figure  6  during  application, 
FIGURE  8  is  a  schematic  diagram  of  the  elec- 
tronic  and  pneumatic  circuit  of  the  limb  position- 

20  ing  apparatus  of  Figure  1  , 
FIGURE  9  is  a  cross-section  drawing  of  an  al- 
ternate  embodiment  of  the  positioning  member 
of  Figure  2, 
FIGURE  10  is  a  cross-section  drawing  of  an 

25  alternate  embodiment  of  the  draping  apparatus 
of  Figure  6, 
FIGURE  11A  is  a  cross-section  drawing  of  the 
alternate  draping  apparatus  of  Figure  10  with  the 
sealing  strip  removed, 

30  FIGURE  1  1  B  is  a  cross-section  drawing  of  the 
alternate  draping  apparatus  of  Figure  10  with  the 
outer  protective  layer  opened  to  expose  the 
sterile  elongated  tube,  and 
FIGURE  1  1  C  is  a  cross-section  drawing  of  the 

35  alternate  draping  apparatus  of  Figure  10  with  the 
sterile  drape  unfolded  to  establish  a  sterile  bar- 
rier. 

Figure  1  is  a  pictorial  illustration  of  one  possi- 
ble  configuration  of  limb  manipulator  10  according 

40  to  the  invention,  as  it  would  be  used  for  supporting 
a  patient's  limb  for  arthroscopic  surgery  of  the 
shoulder.  In  this  configuration,  limb  manipulator  10 
constitutes  three  identical  positioning  members 
12a,  12b  and  12c,  which  are  connected  together, 

45  and  in  turn  are  connected  to  table  mounting  means 
14  and  grasping  means  16.  Table  mounting  means 
14  is  clamped  to  side  rail  18  of  operating-room 
table  20,  so  that  limb  manipulator  10  will  move  in 
the  same  reference  frame  as  the  patient's  entire 

50  body  when  the  patient's  entire  body  is  re-posi- 
tioned  by  adjusting  the  height,  tilt  or  orientation  of 
the  operating-room  table.  Grasping  means  16  is 
connected  to  limb  22  of  patient  24  with  fastening 
means  26.  Pressurized  gas  supply  hose  28  and 

55  electrical  power  cord  30  are  connected  to  electron- 
ics  box  32,  which  is  part  of  table  mounting  means 
14.  Protective  sheath  34  (not  shown  in  FIG.  1) 
encloses  identical  positioning  members  12a,  12b, 

4 
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and  12c,  gas  supply  tubes  36  and  control  wires  38. 
A  typical  positioning  member  12a  (best  seen  in 

FIG.  2)  consists  of  tube  40,  at  the  ends  of  which 
are  attached  a  ball  joint  mechanisms  42a  and  42b. 
Within  tube  40  is  pneumatic  actuator  44a,  which  in 
the  preferred  embodiment  is  a  Bridgestone  rubber 
actuator  (Bridgestone  Corp.,  Tokyo,  Japan).  Con- 
nected  to  pneumatic  actuator  44a  is  gas  supply 
tube  36.  One  end  of  pneumatic  actuator  44a  is 
connected  to  a  tension  adjusting  mechanism  con- 
sisting  of  screw  46  and  coupling  48.  Coupling  48  is 
pivotally  connected  to  one  ball  joint  mechanism 
42b  via  pivot  50.  The  opposite  end  of  pneumatic 
actuator  44a  is  pivotally  connected  to  the  other  ball 
joint  mechanism  42a  via  pivot  52.  Fastened  to  the 
outside  surface  of  tube  40  are  three  groups  of 
membrane  switches  54a,  54b,  and  56,  connected 
to  control  wire  38,  the  functions  of  which  are 
hereinafter  described. 

A  typical  ball  joint  mechanism  42a  consists  of 
ball  58,  ring  60,  piston  cup  62,  pressure  plate  64, 
and  lever  mechanism  66.  Ball  58  is  rigidly  attached 
to  a  positioning  member  connection  means  which 
may  consist  of  either  threaded  stud  68  or  threaded 
socket  70,  and  is  located  within  ring  60,  which  in 
turn  is  rigidly  attached  to  tube  40.  Also  within  ring 
60  is  located  piston  cup  62,  which  is  free  to  move 
along  the  axis  of  tube  40  and  ring  60  such  that 
piston  cup  62  can  contact  ball  58.  Located  between 
the  flat  side  of  piston  cup  62  and  lever  mechanism 
66  is  pressure  plate  64,  which  is  preferably  made 
of  a  hard  material  such  as  spring  steel.  Lever 
mechanism  66  is  pivotally  attached  to  retainer  72 
with  fixed  pivot  74.  In  the  preferred  embodiment, 
lever  mechanism  66  consists  of  four  pieces  of  a 
hard  material  such  as  tool  steel  pivotally  connected 
in  two  places  to  form  a  scissor  mechanism. 

In  the  preferred  embodiment,  tube  40,  ring  60, 
piston  cup  62  and  retainer  72  are  constructed  of 
aluminum.  This  material  is  chosen  because  it  is 
translucent  to  X-ray  imaging  devices,  and  hence 
will  not  obscure  images  taken  through  the  limb 
manipulator.  Actuator  44a,  and  membrane  switches 
54a,  54b,  and  56  are  transparent  to  X-ray  imaging 
devices,  such  that  only  ball  58,  pressure  plate  64, 
lever  mechanism  66,  screw  46  and  coupling  48  will 
obstruct  an  X-ray  image.  The  size  and  location  of 
these  components  is  such  that  they  will  minimally 
obscure  an  X-ray  image. 

In  operation,  the  condition  of  ball  joint  mecha- 
nisms  42a  and  42b  depend  on  the  condition  of 
pneumatic  actuator  44a.  As  pressurized  gas  is  sup- 
plied  to  pneumatic  actuator  44a  through  gas  supply 
tube  36,  pneumatic  actuator  44a  begins  to  contract. 
This  contraction  motion  acts  on  lever  mechanism 
66,  causing  lever  mechanism  66  to  push  on  pres- 
sure  plate  64.  Pressure  plate  64  pushes  upon  pis- 
ton  cup  62,  causing  piston  cup  62  to  move  into 

contact  with  ball  58.  Ball  58  is  therefore  pressed 
firmly  into  ring  60.  The  force  of  contact  between 
ring  60  and  ball  58,  and  piston  cup  62  and  ball  58, 
causes  an  increase  in  friction  forces  between  these 

5  surfaces.  This  friction  force  locks  ball  58  in  position 
with  respect  to  ring  60  and  piston  cup  62,  prevent- 
ing  rotation  of  ball  58  about  any  axis.  Ring  60  and 
piston  cup  62  preferably  have  surfaces  that  are 
contoured  to  fit  ball  58  to  increase  the  friction 

io  forces  and  reduce  the  pressure  between  these 
components. 

In  the  preferred  embodiment,  positioning  mem- 
ber  12a  may  be  connected  to  positioning  members 
12b  and  12c  with  threaded  stud  68,  threaded  sock- 

15  et  70,  locking  screw  76,  and  spring  collar  78.  Each 
positioning  member  12a,  12b,  and  12c,  is  con- 
structed  with  a  threaded  stud  similar  to  threaded 
stud  68  at  one  end  and  threaded  socket  similar  to 
threaded  socket  70  at  the  other  end  so  that  posi- 

20  tioning  members  12a,  12b  and  12c  can  be  freely 
interchanged.  A  spring  collar  similar  to  spring  collar 
78,  which  in  the  preferred  embodiment  consists  of 
a  short  section  of  reinforced  vacuum  hose,  is  fitted 
between  each  pair  of  positioning  members.  In  use, 

25  spring  collar  78  applies  a  restoring  force  to  the 
movable  joint  formed  by  ball  joint  mechanism  42a, 
such  that  interconnected  positioning  members  12a, 
12b,  and  12c  tend  to  align  axially. 

Limb  manipulator  10,  consisting  of  one  or  more 
30  of  positioning  members  12a,  12b  and  12c  con- 

nected  together,  may  be  connected  to  grasping 
means  16  via  one  of  the  threaded  sockets  similar 
to  threaded  socket  70  on  one  of  positioning  mem- 
bers  12a,  12b  or  12c,  and  secured  with  a  locking 

35  screw  similar  to  locking  screw  76.  Grasping  means 
16  consists  of  rigid  rectangular  plate  80  (best  seen 
in  FIG.  5)  to  which  is  rigidly  fastened  threaded  stud 
126,  similar  to  threaded  stud  68,  which  in  use  may 
be  connected  to  threaded  socket  70  of  positioning 

40  member  12a,  or  the  similar  threaded  socket  of 
positioning  members  12b  or  12c.  Attached  to  rec- 
tangular  plate  80  are  fastening  means  26a  and  26b, 
which  in  the  preferred  embodiment  consist  of  two 
Velcro  TM  straps.  In  use,  fastening  means  26a  and 

45  26b  are  used  to  rigidly  attach  patient's  limb  22  to 
grasping  means  16. 

The  grasping  means  shown  is  figure  5  is  only 
one  of  many  possible  grasping  means  that  could 
be  used  with  limb  manipulator  10.  Grasping  means 

50  suitable  for  grasping  a  patient's  foot,  upper  arm, 
upper  leg,  other  limb  portion,  head,  organ,  tissue  or 
other  body  part  could  be  connected  to  limb  ma- 
nipulator  10  in  place  of  grasping  means  16  by 
disconnecting  treaded  stud  126  from  the  threaded 

55  socket  similar  to  threaded  socket  70  on  the  end  of 
limb  manipulator  10  and  connecting  a  different 
grasping  means. 

5 
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Limb  manipulator  10  consisting  of  one  or  more 
interconnected  positioning  members  12a,  12b  and 
12c  may  be  attached  to  operating-room  table  side 
rail  18  via  table  mounting  means  14  (best  seen  in 
FIG.  3  and  FIG.  4).  Table  mounting  means  14 
consists  of  mounting  block  82,  in  which  is  cut 
channel  84  constructed  to  fit  over  side  rail  18  of 
operating-room  table  20.  Moveably  attached  to 
mounting  block  82  is  pressure  bar  86,  which  is  free 
to  move  laterally  within  channel  84.  Within  mount- 
ing  block  82  is  threaded  rod  88,  which  can  come  in 
contact  with  pressure  bar  86.  Rigidly  attached  to 
mounting  block  82  is  a  threaded  socket  128,  similar 
to  threaded  socket  70,  which  may  be  connected  to 
one  of  positioning  members  12a,  12b,  or  12c  via 
the  threaded  stud  similar  to  threaded  stud  68  on 
that  positioning  member,  and  locked  in  place  with  a 
locking  screw  similar  to  locking  screw  76. 

In  use,  mounting  block  82  is  positioned  over 
table  side  rail  18  such  that  table  side  rail  18  is 
within  channel  84.  Threaded  rod  88  can  be  rotated 
by  the  user  using  handle  90  to  cause  it  to  come 
into  contact  with  pressure  bar  86.  Pressure  bar  86 
is  thus  moved  laterally  until  it  is  pressed  against 
table  side  rail  18  to  rigidly  clamp  table  side  rail  18 
between  mounting  block  82  and  pressure  bar  86, 
thereby  rigidly  fixing  table  mounting  means  14  to 
operating-room  table  20. 

Also  attached  to  mounting  block  82  is  electron- 
ics  box  32.  Within  electronics  box  32  are  power 
supply  92,  valves  94a,  94b,  and  94c,  and  control 
circuitry  96  (best  seen  in  FIG.  8). 

Membrane  switches  54a,  54b  and  56  are  con- 
nected  to  control  circuitry  96  via  control  wires  38. 
Membrane  switches  54a,  54b  and  56  each  consist 
of  several  active  elements  connected  as  shown  in 
figure  8.  Activating  any  single  active  element  will 
not  complete  the  circuit  to  change  the  state  of  any 
of  valves  94a,  94b  or  94c.  This  reduces  the  risk  of 
accidental  activation  of  valves  94a,  94b  or  94c,  as 
two  different  elements  of  a  membrane  switch  54a, 
54b  or  56  must  be  activated  to  operate  valves  94a, 
94b  or  94c.  When  an  appropriate  pair  of  active 
elements  of  membrane  switches  54a,  54b  or  56  are 
activated,  control  circuitry  96  causes  one  or  all  of 
valves  94a,  94b,  or  94c  to  activate. 

Membrane  switches  54a  and  54b,  located  near 
each  end  of  positioning  member  12a  activate  only 
valve  94a.  Valve  94a,  when  activated  cuts  off  the 
supply  of  pressurized  gas  to  actuator  44a  within 
positioning  member  12a,  upon  which  membrane 
switches  54a  and  54b  are  located.  In  this  way, 
membrane  switches  54a  and  54b  control  the  flow 
of  pressurized  gas  to  only  positioning  member  12a, 
allowing  the  user  to  lock  and  unlock  the  ball  joint 
mechanisms  42a  and  42b  of  positioning  member 
12a  without  affecting  the  state  of  positioning  mem- 
bers  12b  or  12c.  Membrane  switches  similar  to 

membrane  switches  54a  and  54b  are  located  on 
positioning  members  12b  and  12c,  to  perform  a 
similar  function. 

Membrane  switch  56,  located  near  the  center 
5  of  positioning  member  12a,  activates  all  three  of 

valves  94a,  94b  and  94c.  In  this  way,  membrane 
switch  56  controls  the  flow  of  pressurized  gas  to  all 
three  positioning  members  12a,  12b  and  12c,  al- 
lowing  the  user  to  lock  and  unlock  the  ball  joint 

io  mechanisms  of  all  three  positioning  members  si- 
multaneously.  Membrane  switches  similar  to  mem- 
brane  switch  56  are  located  on  positioning  mem- 
bers  12b  and  12c  to  perform  a  similar  function. 

In  the  preferred  embodiment,  membrane 
is  switches  similar  to  membrane  switches  54a,  54b 

and  56  are  located  on  each  positioning  member  of 
limb  manipulator  10.  If  such  a  location  is  not  con- 
venient,  these  membrane  switches  may  be  re- 
placed  with  other  means  for  activating  valves  94a, 

20  94b,  and  94c.  These  other  activating  means  may 
consist  of  footswitches,  sterile  hand  controls,  or 
other  switching  means  operated  by  a  non-sterile 
surgical  assistant.  The  membrane  switches  de- 
scribed  could  also  be  located  in  convenient  places 

25  other  than  on  limb  manipulator  10,  such  that  each 
positioning  member  of  limb  manipulator  10  could 
be  locked  and  unlocked  from  a  remote  location. 

In  the  preferred  embodiment,  valves  94a,  94b 
and  94c  are  SMC  NZ3245  normally  open  pilot 

30  operated  valves  (SMC  Pneumatic  Inc.,  Indianapolis 
Indiana,  U.S.A.).  Normally  open  valves  are  used  so 
that  pressurized  gas  is  delivered  to  actuators  44a, 
44b  and  44c  in  each  positioning  member  12a,  12b 
and  12c  when  valves  94a,  94b  and  94c  are  not 

35  activated,  which  causes  the  ball  joint  mechanisms 
of  each  positioning  member  12a,  12b  and  12c  to 
lock.  In  this  way,  loss  of  electrical  power  to  control 
circuitry  96  will  not  cause  the  ball  joint  mechanisms 
within  positioning  members  12a,  12b  or  12c  to 

40  unlock. 
Pneumatic  check  valves  98a,  98b  and  98c, 

which  in  the  preferred  embodiment  are  Clippard 
MCV-1  check  valves  (Clippard  Instrument  Labora- 
tory,  Inc.,  Cincinnati,  Ohio,  U.S.A.),  serve  a  similar 

45  function  in  that  they  serve  to  maintain  pressure  in 
pneumatic  actuators  44a,  44b  and  44c  within  posi- 
tioning  members  12a,  12b  and  12c  in  the  event 
that  gas  pressure  in  gas  supply  hose  28  drops 
below  an  acceptable  level. 

50  In  use,  it  may  be  desirable  to  establish  a  sterile 
barrier  between  limb  manipulator  10  consisting  of 
positioning  members  12a,  12b  and  12c,  grasping 
means  16,  and  table  mounting  means  14,  and  the 
surgical  site.  A  suitable  apparatus  for  establishing 

55  such  a  sterile  barrier  consists  of  elongated  flexible 
tube  100  constructed  of  a  flexible  thermoplastic 
material  which  may  be  sterilized,  rolled  on  to  rigid 
tube  102  (best  seen  in  FIG.  6). 

6 
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Rigid  tube  102  is  chosen  to  be  of  smaller 
diameter  than  that  of  elongated  flexible  tube  100  so 
that  elongated  flexible  tube  100,  when  rolled,  fits 
easily  over  rigid  tube  102.  Elongated  flexible  tube 
100  is  attached  to  the  outside  of  rigid  tube  102  with 
seal  104,  which  may  be  located  near  the  mid-point 
of  the  length  of  elongated  flexible  tube  100.  Elon- 
gated  flexible  tube  100  may  then  be  rolled  up  from 
each  end  and  fitted  around  rigid  tube  102.  Attached 
across  each  end  of  rigid  tube  102  are  elastic  seals 
106a  and  106b,  each  consisting  of  a  sheet  of 
elastic  material  in  which  are  cut  holes  108a  or 
108b.  In  use,  limb  manipulator  10  or  patient's  limb 
22  is  inserted  through  holes  108a  and  108b.  Elastic 
seals  106a  and  106b  are  thus  deformed,  and  seal 
tightly  against  limb  22  or  limb  manipulator  10, 
serving  to  hold  rigid  tube  102  in  position  (best  seen 
in  FIG.  7). 

Elongated  flexible  tube  100  is  covered  with 
sterile  wrap  110  which  is  attached  to  rigid  tube  102 
at  each  end.  Sterile  wrap  110  is  constructed  so  as 
to  be  removable  during  use  as  hereinafter  de- 
scribed. 

An  alternative  embodiment  of  the  draping  ap- 
paratus  of  figure  6  is  shown  in  figure  10.  In  this 
embodiment  elongated  flexible  tube  138,  which  is 
constructed  of  a  flexible  thermoplastic  material 
which  may  be  sterilized,  is  multiply  folded  from 
both  ends  to  form  a  double  torus.  Outer  wrap  140 
is  in  the  form  of  a  second  elongated  flexible  tube. 
Outer  wrap  140  is  passed  through  the  opening  in 
elongated  flexible  tube  138,  and  each  end  is  folded 
back  over  the  outside  of  elongated  flexible  tube 
138,  reversed,  and  folded  back  again  such  that  two 
overlapping  cuffs  142  and  144  are  formed.  Cuffs 
142  and  144  are  sealed  together  with  removable 
seal  146  to  form  a  package  that  totally  encloses 
elongated  flexible  tube  138  while  retaining  the 
toroidal  shape.  In  use,  limb  manipulator  10  or  pa- 
tient's  limb  22  is  inserted  through  the  opening  in 
the  draping  apparatus.  Outer  wrap  140  is  removed 
during  use  to  expose  sterile  elongated  flexible  tube 
138,  as  hereinafter  described. 

OPERATION  BY  SURGICAL  STAFF 

Before  use  in  a  surgical  procedure,  a  user 
must  decide  how  many  of  positioning  members 
12a,  12b,  and  12c  are  required  to  provide  sufficient 
range  of  motion  for  the  surgical  procedure  to  be 
performed.  A  sufficient  number  of  these  positioning 
members  (typically  3)  are  connected  together  as 
previously  described.  Table  mounting  means  14  is 
attached  to  one  end  of  the  assembly  of  positioning 
members  12a,  12b  and  12c,  as  previously  de- 
scribed.  Protective  sheath  34  may  then  be  fitted 
over  positioning  members  12a,  12b  and  12c  (best 
seen  in  FIG.  7).  Grasping  means  16  is  then  at- 

tached  to  the  other  end  of  the  assembly  of  posi- 
tioning  members  12a,  12b  and  12c  as  previously 
described. 

Before  use,  gas  supply  tube  36  from  module 
5  12a,  and  similar  gas  supply  tubes  from  each  of 

positioning  members  12b  and  12c  are  connected  to 
gas  outlet  connections  112a,  112b  and  112c,  lo- 
cated  on  electronics  box  32  (best  seen  in  FIG.  4). 
Similarly,  control  wires  38  from  positioning  member 

io  12a,  and  similar  control  wires  from  each  of  posi- 
tioning  members  12b  and  12c  are  connected  to 
control  wire  connections  114a,  114b  and  114c,  also 
located  on  electronics  box  32. 

As  shown  in  figure  1,  patient  24  is  positioned 
is  on  operating-room  table  20  in  a  normal  position  for 

the  surgery  to  be  performed,  and  anesthetized  in 
accordance  with  standard  medical  procedures. 

Limb  manipulator  10  is  attached  to  a  conve- 
nient  place  on  operating-room  table  20  by  fitting 

20  operating-room  table  side  rail  18  into  channel  84 
cut  into  mounting  block  82  and  turning  threaded 
rod  88  with  handle  90  until  pressure  bar  86  is 
firmly  clamped  against  operating-room  table  side 
rail  18. 

25  The  draping  apparatus  is  installed  by  fitting 
rigid  tube  102  over  limb  manipulator  10,  and  sliding 
it  along  limb  manipulator  10  to  a  convenient  loca- 
tion.  Elastic  seals  106a  and  106b  serve  to  hold 
rigid  tube  102  at  this  location.  Limb  manipulator  10 

30  is  located  in  an  appropriate  orientation  for  attaching 
patient's  limb  22  to  grasping  means  16,  and  pa- 
tient's  limb  22  is  then  attached  to  grasping  means 
16  by  tightly  wrapping  fastening  means  26a  and 
26b  about  limb  22.  Patient's  limb  22  is  then  pre- 

35  pared  for  surgery  in  accordance  with  standard  op- 
erating  room  procedures.  Rigid  tube  102  is  then 
slid  along  limb  manipulator  10  until  it  is  located 
near  the  highest  point  of  either  patient's  limb  22  or 
limb  manipulator  10  (best  seen  in  FIG.  7).  Sterile 

40  wrap  110  is  removed  to  expose  sterile  elongated 
flexible  tube  100.  Sterile  elongated  flexible  tube 
100  is  then  unrolled  over  limb  manipulator  10  and 
patient's  limb  22. 

If  the  alternate  draping  apparatus  of  figure  10  is 
45  used,  it  is  installed  by  fitting  limb  manipulator  10 

through  the  opening  in  the  draping  apparatus,  and 
sliding  the  draping  apparatus  along  limb  manipula- 
tor  10  to  a  convenient  location.  Limb  manipulator 
10  is  located  in  an  appropriate  orientation  for  at- 

50  taching  patient's  limb  22  to  grasping  means  16, 
and  patient's  limb  22  is  then  attached  to  grasping 
means  16  by  tightly  wrapping  fastening  means  26a 
and  26b  about  limb  22.  Patient's  limb  22  is  then 
prepared  for  surgery  in  accordance  with  standard 

55  operating  room  procedures.  The  draping  apparatus 
is  then  slid  along  limb  manipulator  10  until  it  is 
located  near  the  highest  point  of  either  patient's 
limb  22  or  limb  manipulator  10.  Seal  146  is  then 

7 
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removed  by  a  nonsterile  person  (best  seen  in  FIG. 
11  A).  The  nonsterile  person  then  grasps  nonsterile 
tails  148  and  150  of  cuffs  142  and  144,  and  pulls 
them  away  from  each  other,  to  expose  sterile  elon- 
gated  tube  138,  which  is  left  resting  on  sterile  inner 
surface  152  of  outer  wrap  140,  located  well  away 
from  nonsterile  tails  148  and  150  of  outer  wrap  140 
(best  seen  in  FIG.  1  1  B).  A  sterile  person  can  now 
unfold  sterile  elongated  tube  138  over  limb  manipu- 
lator  10,  patient's  limb  22,  and  outer  wrap  140 
(best  seen  in  FIG.  11C). 

In  use,  operating  surgeon  116  may  desire  to 
change  the  position  of  limb  22  or  limb  manipulator 
10.  If  the  desired  change  in  position  is  small, 
operating  surgeon  116  may  choose  to  move  only 
one  of  positioning  members  12a,  12b  or  12c  of 
limb  manipulator  10.  To  do  this,  operating  surgeon 
116  grasps  the  positioning  member  that  he  wishes 
to  move  near  one  end.  This  grasping  action  ac- 
tivates  a  membrane  switch  similar  to  membrane 
switch  54a  or  54b,  which  in  turn  activates  one  of 
valves  94a,  94b  or  94c,  causing  the  pneumatic 
actuator  located  within  the  grasped  positioning 
member  to  de-activate.  When  the  pneumatic  ac- 
tuator  has  de-activated,  both  ball  joint  mechanisms 
located  within  the  grasped  positioning  member  un- 
lock.  Operating  surgeon  116  may  now  re-position 
patient's  limb  22  and  the  grasped  positioning  mem- 
ber.  When  a  new  desired  position  is  reached,  op- 
erating  surgeon  116  unlocks  his  grasp,  de-activat- 
ing  the  membrane  switch,  which  de-activates  the 
appropriate  valve,  causing  the  pneumatic  actuator 
within  the  previously  grasped  positioning  member 
to  activate,  thereby  locking  both  of  the  ball  joint 
mechanisms  located  within  the  previously  grasped 
positioning  member. 

If  the  desired  change  in  position  is  large,  op- 
erating  surgeon  116  may  choose  to  move  all  the 
positioning  members  12a,  12b  and  12c  of  limb 
manipulator  10.  To  do  this,  operating  surgeon  116 
grasps  any  positioning  member  near  its  mid-point. 
This  grasping  action  activates  a  membrane  switch 
similar  to  membrane  switch  56,  which  in  turn  ac- 
tivates  all  valves  94a,  94b  and  94c,  causing  all  the 
pneumatic  actuators  located  within  positioning 
members  12a,  12b  and  12c  to  deactivate.  When 
the  pneumatic  actuators  have  de-activated,  all  the 
ball  joint  mechanisms  located  within  positioning 
members  12a,  12b  and  12c  unlock.  Operating  sur- 
geon  116  may  now  re-position  the  patient's  limb 
and  all  of  the  positioning  members  12a,  12b  and 
12c.  When  a  new  desired  position  is  reached, 
operating  surgeon  116  unlocks  his  grasp,  de-ac- 
tivating  the  membrane  switch,  which  de-activates 
all  valves  94a,  94b  and  94c,  causing  all  the  pneu- 
matic  actuators  within  positioning  members  12a, 
12b  and  12c  to  activate,  thereby  locking  all  of  the 
ball  joint  mechanisms. 

When  the  surgical  procedure  is  complete,  ster- 
ile  elongated  flexible  tube  100  is  cut  away  and 
discarded  and  fastening  means  26a  and  26b  are 
undone  to  release  patient's  limb  22  from  grasping 

5  means  16.  Table  mounting  means  14  is  then  re- 
moved  from  table  side  rail  18  by  undoing  threaded 
rod  88.  Limb  manipulator  10  is  then  removed  to 
storage. 

Many  alterations  and  adaptations  may  be  made 
io  to  the  preferred  embodiment  described  herein.  Ac- 

cordingly  the  invention  is  to  be  limited  only  by 
reference  to  the  appended  claims.  For  example, 
although  the  preferred  embodiment  herein  de- 
scribed  consists  of  three  identical  positioning  mem- 

is  bers,  more  or  fewer  identical  positioning  members 
could  be  used  for  increased  functional  capability. 
Also,  the  pneumatic  actuators  used  in  the  preferred 
embodiment  could  be  replaced  with  other  pneu- 
matic  hydraulic,  or  electric  actuators  to  achieve  a 

20  similar  function.  The  positioning  apparatus  could 
also  be  equipped  with  a  variety  of  grasping  means 
designed  to  attach  to  or  support  a  wide  variety  of 
limbs  or  body  parts.  The  positioning  apparatus  may 
also  be  used  as  a  device  for  positioning  a  wide 

25  variety  of  therapeutic  or  diagnostic  apparatus,  such 
as  surgical  retractors,  arthroscopy  cameras,  suction 
catheters,  mechanisms  for  applying  traction,  or  oth- 
er  tools  or  apparatus  which  must  be  positioned 
near  the  surgical  site. 

30  The  typical  positioning  member  12a  herein  de- 
scribed  could  also  be  modified  to  provide  indepen- 
dent  locking  and  unlocking  of  either  ball  joint 
mechanisms  42a  or  42b  included  within  a  modified 
positioning  member  120,  as  shown  in  figure  9.  In 

35  such  a  modified  positioning  member  120,  actuator 
44a  is  replaced  with  two  pneumatic  actuators  122a 
and  122b,  of  which  one  end  of  each  is  rigidly 
attached  to  retaining  blocks  124a  and  124b  respec- 
tively,  which  in  turn  is  rigidly  fixed  to  the  inside  of 

40  tube  130.  In  use,  such  a  modified  positioning  mem- 
ber  120  would  be  connected  to  two  valves  similar 
to  valve  94a,  such  that  either  ball  joint  mechanism 
could  be  unlocked  independently.  Attached  to  the 
outside  of  modified  positioning  member  120  near 

45  each  end  are  membrane  switches  132  and  134. 
Activating  one  of  switches  132  or  134  will  cause 
the  ball  joint  mechanism  at  that  end  of  modified 
positioning  member  120  to  unlock.  Near  the  center 
of  modified  positioning  member  120  is  attached 

50  membrane  switch  136,  which  has  a  function  similar 
to  membrane  switch  56  of  the  unmodified  position- 
ing  member  12a. 

The  membrane  switches  54a,  54b  and  56  here- 
in  described  could  be  replaced  with  a  number  of 

55  different  switching  mechanisms,  including  foot- 
switches,  voice  control  devices,  or  remote  control 
pendants.  Other  types  of  electrical  switches  could 
be  mounted  on  the  outer  surface  of  the  positioning 

8 
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members  as  well. 
The  apparatus  herein  described  for  applying  a 

toroidal  drape  to  a  closed  annular  structure  could 
also  be  used,  with  some  modification,  for  a  wide 
variety  of  sterile  draping  applications.  For  example, 
in  any  surgical  procedure  in  which  a  limb  or  body 
part  is  to  be  supported  with  a  structure  fastened  to 
the  operating-room  table  or  some  other  fixed  sup- 
port,  the  sterile  draping  apparatus  described  could 
be  used  to  establish  a  sterile  barrier  between  the 
limb  or  body  part  and  the  sterile  surgical  site.  This 
could  include  a  patient's  leg  supported  by  a  tradi- 
tional  arthroscopic  leg  holder,  a  patient's  arm  rest- 
ing  upon  a  supporting  table,  or  a  patient's  limb 
held  in  a  traction  apparatus. 

The  features  disclosed  in  the  foregoing  de- 
scription  in  the  following  claims  and/or  in  the  ac- 
companying  drawings  may,  both  separately  and  in 
any  combination  thereof,  be  material  for  realising 
the  invention  in  diverse  forms  thereof. 

Claims 

1.  A  surgical  positioning  apparatus  comprising: 
means  (16)  for  holding  a  part  of  a  patient's 
body,  a  plurality  of  positioning  members  (12a, 
12b,  12c)  connected  in  series  by  selectably 
positionable  joints  (42a,  42b)  between  the  hold- 
ing  means  (16)  and  a  supporting  point  (14), 
each  one  of  said  joints  being  constructed  to 
have  more  than  one  degree  of  freedom  of 
movement;  locking  and  unlocking  means 
(60,62,64,66)  for  locking  and  unlocking  said 
positionable  joints  (42a,42b);  said  surgical  po- 
sitioning  apparatus  being  useful  for  grasping 
and  holding  part  of  a  patient's  body  (22)  such 
as  a  limb,  extremity,  organ  or  tissue  in  a  num- 
ber  of  different  positions  required  by  a  surgeon 
for  the  performance  of  a  surgical  procedure; 
said  holding  means  comprising  grasping 
means  (16)  for  securely  grasping  the  part  of  a 
patient's  body  (22);  each  joint  (42a,  42b)  in- 
cluding  a  ball  (58)  characterised  in  that  said 
balls  (58)  are  unitary  and  said  surgical  posi- 
tioning  apparatus  further  comprises:  signal 
generating  means  for  enabling  an  operator  to 
produce  first  and  second  control  signals;  said 
locking  and  unlocking  means  including  a  con- 
tact  member  (62)  movable  away  from  said 
actuating  means  (44a,44b,44c)  into  locking 
contact  with  the  ball  (58)  and  toward  said  ac- 
tuating  means  to  unlock  the  ball  (58);  actuating 
means  (44a,44b,44c)  for  operating  said  locking 
and  unlocking  means  (60,62,64,66),  said  lock- 
ing  and  unlocking  means  (60,62,64,66)  includ- 
ing  an  actuator  (44)  housed  within  a  tube  (40) 
that  extends  between  each  joint,  and  a  lever 
mechanism  (66)  housed  within  the  tube  and 

connected  between  each  actuator  and  contact 
member  (62)  so  that  substantially  all  of  the 
moving  parts  for  locking  and  unlocking  the 
joints  are  housed  within  the  tube,  the  locking 

5  and  unlocking  means  being  operable  for  selec- 
tively  locking  one  or  more  of  the  positionable 
joints  (42a,42b)  in  a  selected  position  indepen- 
dently  of  the  remaining  unselected  joints,  and 
for  selectively  unlocking  one  or  more  of  the 

io  positionable  joints  (42a,42b)  independently  of 
the  remaining  unselected  joints;  and  said  ac- 
tuating  means  (44a,44b,44c)  operating  said 
locking  means  (60,62,64,66)  in  response  to  a 
first  of  said  control  signals  and  operating  said 

is  unlocking  means  (60,62,64,66)  in  response  to  a 
second  of  said  control  signals. 

2.  Apparatus  as  defined  in  Claim  1,  wherein  the 
first  control  signal  and  the  second  control  sig- 

20  nal  are  applied  to  selected  actuating  means 
(44a,44b,44c). 

3.  Apparatus  as  defined  in  Claim  2,  wherein  said 
signal  generating  means  (54a,54b,56)  is  at- 

25  tached  to  said  positioning  members 
(12a,12b,12c),  such  that  said  operator  must  be 
in  contact  with  said  positioning  member  (12a) 
to  generate  said  first  control  signal  and  said 
second  control  signal. 

30 
4.  Apparatus  as  defined  in  Claim  2,  wherein  said 

signal  generating  means  is  located  at  a  point 
remote  from  said  positioning  members 
(12a,12b,12c),  so  that  said  operator  can  gen- 

35  erate  said  first  control  signal  and  said  second 
control  signal  without  being  in  contact  with  any 
of  said  positioning  members  (12a,12b,12c). 

5.  Apparatus  as  defined  in  any  one  of  Claims  1  to 
40  4,  wherein  said  grasping  means  (16)  is  de- 

tachable  from  said  positioning  members 
(12a,12b,12c). 

6.  Apparatus  as  defined  in  any  one  of  Claims  1  to 
45  5,  including  a  sterile  drape  comprising:  an 

elongated  tube  (100)  constructed  from  a  flexi- 
ble,  impervious,  sterile  material  which  is  con- 
nected  coaxially  to  an  annular  rigid  tube  (102), 
the  rigid  tube  (102)  being  sealably  connected 

50  (106a,106b)  to  a  positioning  member,  the  flexi- 
ble  tube  (100)  being  dimensioned  to  enclose 
the  positioning  means  (10)  and  a  patient's  limb 
(22). 

55  Patentanspruche 

1.  Chirurgische  Positioniervorrichtung  mit:  einer 
Einrichtung  (16)  zum  Halten  eines  Teils  eines 
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Patientenkorpers,  einer  Mehrzahl  von  Positio- 
nierelementen  (12a,  12b,  12c),  die  in  Reihe 
durch  wahlbar  positionierbare  Gelenke  (42a, 
42b)  zwischen  der  Halteeinrichtung  (16)  und 
einem  Haltepunkt  (14)  verbunden  sind,  wobei 
jedes  der  Gelenke  mit  mehr  als  einem  Bewe- 
gungsfreiheitsgrad  gestaltet  ist,  Verriegelungs- 
und  Entriegelungseinrichtungen  (60,  62,  64, 
66)  zur  Verriegelung  und  Entriegelung  der  po- 
sitionierbaren  Gelenke  (42a,  42b);  wobei  die 
chirurgische  Positioniervorrichtung  zum  Greifen 
und  Halten  eines  Teils  eines  Patientenkorpers 
(22),  wie  z.B.  eines  Gliedes,  einer  Extremitat, 
eines  Organs  oder  eines  Gewebes,  in  einer 
Vielzahl  von  fur  einen  Chirurgen  zur  Durchfuh- 
rung  eines  chirurgischen  Verfahrens  erforderli- 
chen  Positionen  nutzlich  ist;  wobei  die  Haltee- 
inrichtung  eine  Greifeinrichtung  (16)  zum  si- 
cheren  Greifen  des  Teils  eines  Patientenkor- 
pers  (22)  umfaBt,  wobei  jedes  Gelenk  (42a, 
42b)  eine  Kugel  (58)  einschlieBt,  dadurch  ge- 
kennzeichnet,  dal3  die  Kugeln  (58)  einheitlich 
sind  und  die  chirurgische  Positioniervorrich- 
tung  auBerdem  umfaBt:  eine  Signalerzeugungs- 
einrichtung,  urn  einem  Bediener  zu  ermogli- 
chen,  erste  und  zweite  Kontrollsignale  zu  er- 
zeugen;  die  Verrieglungs-  und  Entriegelungs- 
einrichtungen  ein  Kontaktelement  (62)  ein- 
schlieBen,  das  von  den  Betatigungseinrichtun- 
gen  (44a,  44b,  44c)  weg  in  Verriegelungskon- 
takt  mit  der  Kugel  (58)  und  in  Richtung  der 
Betatigungseinrichtungen  bewegbar  ist,  urn  die 
Kugel  (58)  zu  entriegeln;  Betatigungseinrich- 
tungen  (44a,  44b,  44c)  zum  Betreiben  der  Ver- 
riegelungs-  und  Entriegelungseinrichtungen 
(60,  62,  64,  66),  wobei  die  Verriegelungs-  und 
Entriegelungseinrichtungen  (60,  62,  64,  66)  ei- 
nen  Betatiger  (44),  der  innerhalb  eines  Rohres 
(40),  das  sich  zwischen  jedem  Gelenk  er- 
streckt,  untergebracht  ist,  und  einen  Hebme- 
chanismus  (66)  einschlieBen,  der  innerhalb  des 
Rohres  untergebracht  und  zwischen  jedem  Be- 
tatiger  und  Kontaktelement  (62)  verbunden  ist, 
so  dal3  im  wesentlichen  alle  beweglichen  Teile 
zur  Verriegelung  und  Entriegelung  der  Gelenke 
innerhalb  des  Rohres  untergebracht  sind,  wo- 
bei  die  Verriegelungs-  und  Entriegelungsein- 
richtungen  betreibbar  sind,  urn  wahlweise  ei- 
nes  oder  mehrere  der  positionierbaren  Gelenke 
(42a,  42b)  in  einer  ausgewahlten  Position  un- 
abhangig  von  den  restlichen  nicht  ausgewahl- 
ten  Gelenken  zu  verriegeln  und  urn  wahlweise 
eines  oder  mehrere  der  positionierbaren  Ge- 
lenke  (42a,  42b)  unabhangig  von  den  restli- 
chen  nicht  ausgewahlten  Gelenken  zu  entrie- 
geln;  und  die  Betatigungseinrichtungen  (44a, 
44b,  44c)  die  Verriegelungseinrichtungen  (60, 
62,  64,  66)  als  Antwort  auf  ein  erstes  der 

Kontrollsignale  und  die  Entriegelungseinrich- 
tungen  (60,  62,  64,  66,)  als  Antwort  auf  ein 
zweites  der  Kontrollsignale  betreiben. 

5  2.  Vorrichtung  wie  in  Anspruch  1  definiert,  worin 
das  erste  Kontrollsignal  und  das  zweite  Kon- 
trollsignal  auf  ausgewahlte  Betatigungseinrich- 
tungen  (44a,  44b,  44c)  angewandt  werden. 

io  3.  Vorrichtung  wie  in  Anspruch  2  definiert,  worin 
die  Signalerzeugungseinrichtung  (54a,  54b,  56) 
an  den  Positionierelementen  (12a,  12b,  12c) 
derart  befestigt  ist,  dal3  der  Bediener  in  Kon- 
takt  mit  dem  Positionierelement  (12a)  stehen 

is  mul3,  urn  das  erste  Kontrollsignal  und  das 
zweite  Kontrollsignal  zu  erzeugen. 

4.  Vorrichtung  wie  in  Anspruch  2  definiert,  worin 
die  Signalerzeugungseinrichtung  an  einem 

20  Punkt  angeordnet  ist,  der  von  den  Positionier- 
elementen  (12a,  12b,  12c)  entfernt  ist,  so  dal3 
der  Bediener  das  erste  Kontrollsignal  und  das 
zweite  Kontrollsignal  erzeugen  kann,  ohne  in 
Kontakt  mit  irgendeinem  der  Positionierele- 

25  mente  (12a,  12b,  12c)  zu  stehen. 

6.  Vorrichtung  wie  in  irgendeinem  der  Anspruche 
1  bis  5  definiert,  die  einen  sterilen  Stoff  ein- 
schlieBt  mit:  einem  langlichen  Rohr  (100),  das 
aus  einem  flexiblen,  undurchlassigen,  sterilen 
Material  konstruiert  ist,  das  koaxial  mit  einem 
ringformigen  starren  Rohr  (102)  verbunden  ist, 
wobei  das  starre  Rohr  (102)  mit  einem  Positio- 
nierelement  abdichtbar  verbunden  (106a,  106b) 
ist,  wobei  das  flexible  Rohr  (100)  dimensioniert 
ist,  urn  die  Positioniereinrichtung  (10)  und  ein 
Patientenglied  (22)  einzuschlieBen. 

Revendicatlons 

1.  Appareil  de  positionnement  chirurgical  com- 
prenant:  un  moyen  (16)  destine  a  maintenir 
une  partie  du  corps  du  patient,  plusieurs  ele- 
ments  de  positionnement  (12a,  12b,  12c)  mon- 
tes  en  serie  a  I'aide  d'articulations  positionna- 
bles  de  fagon  selective  (42a,  42b)  entre  le 
moyen  de  retenue  (16)  et  un  point  de  support 
(14),  chacune  de  ces  articulations  etant  conque 
de  fagon  a  permettre  une  liberte  de  mouve- 
ment  superieure  a  un  degre  ;  des  moyens  de 
blocage  et  de  deblocage  (60,  62,  64,  66)  desti- 
nes  a  bloquer  et  a  debloquer  les  articulations 
positionnables  (42a,  42b)  ;  cet  appareil  de  po- 
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5.  Vorrichtung  wie  in  irgendeinem  der  Anspruche 
1  bis  4  definiert,  worin  die  Greifeinrichtung  (16) 
von  den  Positionierelementen  (12a,  12b,  12c) 
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sitionnement  chirurgical  etant  utile  pour  la  pre- 
hension  et  le  maintien  d'une  partie  du  corps 
d'un  patient  (22)  comme  par  exemple  un 
membre,  une  extremite,  un  organe  ou  un  tissu 
dans  plusieurs  positions  differentes  souhaitees  5 
par  le  chirurgien  dans  I'exercice  d'une  opera- 
tion  chirurgicale  ;  le  moyen  de  maintien  com- 
prenant  un  moyen  de  prehension  (16)  pour 
saisir  fermement  la  partie  du  corps  de  patient 
(22)  ;  chaque  articulation  (42a,  42b)  compre-  10 
nant  une  bille  (58),  appareil  de  positionnement 
chirurgical  caracterise  en  ce  que  les  billes  (58) 
sont  unitaires  et  en  ce  que  I'appareil  comprend 
de  plus  :  des  moyens  generateurs  de  signaux 
permettant  a  un  operateur  de  produire  des  is 
premier  et  second  signaux  de  commande  ;  les 
moyens  de  blocage  et  de  deblocage  compre- 
nant  un  element  de  contact  (62)  pouvant  etre 
amene  en  position  eloignee  des  moyens  d'ac- 
tionnement  (44a,  44b,  44c)  en  contact  de  bio-  20 
cage  avec  la  bille  (58)  et  pouvant  etre  rappro- 
che  des  moyens  d'actionnement  pour  deblo- 
quer  la  bille  (58)  ;  dos  moyens  d'actionnement 
(44a,  44b,  44c)  pour  le  fonctionnement  des 
moyens  de  blocage  et  de  deblocage  (60,  62,  25 
64,  66),  les  moyens  de  blocage  et  de  debloca- 
ge  (60,  62,  64,  66)  comprenant  un  organe 
d'actionnement  (44)  loge  dans  un  tube  (40)  qui 
s'etend  entre  chaque  articulation,  et  un  meca- 
nisme  a  levier  (66)  loge  dans  le  tube  et  raccor-  30 
de  entre  chaque  organe  d'actionnement  et  ele- 
ment  de  contact  (62)  de  sorte  que  la  totalite 
des  pieces  en  mouvement  destinees  au  bloca- 
ge  et  au  deblocage  des  articulations  sont  lo- 
gees  a  I'interieur  du  tube,  les  moyens  de  bio-  35 
cage  et  de  deblocage  pouvant  etre  mis  en 
action  pour  bloquer  selectivement  une  ou  plu- 
sieurs  des  articulations  positionnables  (42a, 
42b)  dans  une  position  selectionnee  indepen- 
damment  des  articulations  restantes  non  selec-  40 
tionnees,  et  pour  debloquer  de  fagon  selective 
une  ou  plusieurs  des  articulations  positionna- 
bles  (42a,  42b)  independamment  des  articula- 
tions  non  selectionnees  restantes  ;  et  les 
moyens  d'actionnement  (44a,  44b,  44c)  faisant  45 
fonctionner  les  moyens  de  blocage  (60,  62,  64, 
66)  en  reponse  a  un  premier  signal  parmi  les 
signaux  de  commanda  et  a  faire  fonctionner  le 
moyen  de  deblocage  (60,  62,  64,  66)  en  re- 
ponse  a  un  second  signal  parmi  les  signaux  de  so 
commande. 

2.  Appareil  tel  que  defini  dans  la  revendication  1  , 
dans  lequel  le  premier  signal  de  commande  et 
le  second  signal  de  commande  sont  amenes  55 
sur  les  moyens  d'actionnement  selectionnes 
(44a,  44b,  44c). 

3.  Appareil  tel  que  defini  dans  la  revendication  2, 
dans  lequel  les  moyens  de  production  de  si- 
gnaux  (54a,  54b,  56)  sont  fixes  sur  les  ele- 
ments  de  positionnement  (12a,  12b,  12c)  de 
telle  sorte  que  I'operateur  doit  etre  en  contact 
avec  I'element  de  positionnement  (12a)  pour 
produire  le  premier  signal  de  commande  et  le 
second  signal  de  commande. 

4.  Appareil  tel  que  defini  dans  la  revendication  2, 
dans  lequel  les  moyens  de  production  de  si- 
gnaux  sont  situes  en  un  point  eloigne  des 
elements  de  positionnement  (12a,  12b,  12c)  de 
sorte  que  I'operateur  peut  produire  le  premier 
signal  de  commande  et  le  second  signal  de 
commande  sans  etre  en  contact  avec  I'un 
quelconque  des  elements  de  positionnement 
(12a,  12b,  12c). 

5.  Appareil  tel  que  defini  dans  I'une  quelconque 
des  revendications  1  a  4,  dans  lequel  le 
moyen  de  prehension  (16)  est  detachable  des 
elements  de  positionnement  (12a,  12b,  12c). 

6.  Appareil  tel  que  defini  dans  I'une  quelconque 
des  revendications  1  a  5,  incorporant  un  ban- 
dage  sterile  comprenant  :  un  tube  allonge 
(100)  realise  a  partir  d'un  materiau  souple, 
impermeable,  sterile,  qui  est  raccorde  coaxia- 
lement  a  un  tube  rigide  annulaire  (102),  le  tube 
rigide  (102)  etant  raccorde  de  fagon  hermeti- 
que  (106a,  106b)  a  un  element  de  positionne- 
ment,  le  tube  souple  (100)  etant  dimensionne 
de  fagon  a  renfermer  le  moyen  de  positionne- 
ment  (10)  et  le  membre  du  patient  (22). 
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