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Description 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  a  femoral-side 
hip-joint  prosthetic  device. 

1  .  Background  of  the  Invention 

Hip-joint  replacement  is  a  widely  used  orthope- 
dic  procedure  to  correct  various  types  of  hip  joint 
injury,  such  as  those  caused  by  osteoarthritis,  frac- 
ture  dislocations,  rheumatoid  arthritis,  and  aseptic 
bone  necrosis.  A  femoral-side  hip-joint  prosthesis 
typically  includes,  in  basic  design,  an  elongate 
stem  which  is  adapted  for  receipt  in  a  cavity 
formed  in  the  proximal  region  of  the  femur,  and  a 
ball-like  hip-joint  member  carried  at  the  upper  end 
of  the  stem.  To  attach  the  prosthesis  to  the  femur 
surgically,  the  head  of  the  femur  is  removed,  and 
the  internal  bone  region  below  the  cut  is  removed 
to  form  the  cavity  which  will  receive  the  prosthesis 
stem.  The  stem  may  be  anchored  in  the  cavity  by 
a  cementitious  material  such  as  polymethyl- 
methacrylate  (PMMA),  which  acts  as  a  grout  ma- 
terial,  by  bonding  directly  to  bone,  such  as  with 
hydroxyapatite  and/or  by  biological  fixation,  such 
as  by  bone  growth  into  a  porous  surface  of  the 
stem. 

Heretofore,  femoral-side  hip-joint  replacement 
has  not  been  entirely  satisfactory,  particularly  in 
active  younger  patients,  where  it  is  important  to 
form  a  stable,  long-lasting  prosthetic  attachment. 
The  stem  size  and  shape  in  prior  art  hip-joint 
prostheses  has  generally  required  removal  of  a 
substantial  amount  of  hard  outer  cortical  bone  in 
forming  a  cavity  which  can  accommodate  the  stem. 
This  removal  alters  the  load  distribution  within  the 
bone,  which  can  lead  to  detrimental  long-term  bone 
remodeling.  Also,  in  the  surgical  technique  required 
in  prior  art  prostheses,  the  piriformis  fossa  is  sub- 
stantially  reamed,  and  this  compromises  the  blood 
supply  to  the  proximal  femur.  Also,  the  natural 
internal  support  canal  which  is  formed  by  dense 
cancellous  bone  is  removed  in  order  to  insert  prior 
art  prostheses. 

A  second  limitation  is  related  to  the  manner  in 
which  prior  art  stems  are  anchored  in  the  cavity.  In 
order  to  permit  stem  receipt  in  the  cavity,  a  large 
amount  of  proximal  femur  must  be  removed.  This 
requires  a  relatively  large  prosthesis  cross-section 
to  achieve  good  bone/prosthesis  apposition. 

Attempts  to  anchor  a  prosthesis  stem  by  press 
fit  in  a  cavity,  typically  using  a  three-point  fixation 
system  have  often  failed  to  produce  stable  fixation, 
due  to  stem  loosening  because  of  torsion  or  break- 
down  of  the  three  point  support  system. 

DE  32  47  726  describes  a  hip  prosthesis  which 
includes  an  angular  rotation  of  the  plane  of  sym- 
metry  between  the  upper  and  lower  portions  of  the 
prosthesis.  The  stub  (13)  of  this  device  means  that 

5  the  prosthesis  will  necessitate  removal  of  the  bor- 
der  of  the  piriformis  fossa  and  will  extend  into  the 
greater  trochanter.  EP-A-0  128  036  discloses  a 
similar  prosthesis,  having  a  laterally  extending 
shoulder. 

70 
Summary  of  the  Invention 

It  is  one  general  object  of  the  invention  to 
provide  a  femoral-side  hip-joint  prosthetic  device 

75  which  substantially  solves  or  overcomes  the  above- 
mentioned  problems  associated  with  the  prior  art. 

A  related  object  of  the  invention  is  to  provide, 
in  such  a  device,  an  elongate  stem  sized  and 
dimensioned  to  conform  to  a  natural  intramedullary 

20  space  in  the  proximal  femur. 
Another  object  of  the  invention  is  to  provide  a 

joint  replacement  device  whose  stem  is  adpated  to 
be  received  relatively  snugly,  and  by  a  twist-in 
action,  in  a  bone  cavity,  to  promote  stable  biologi- 

25  cal  fixation  to  the  bone  and/or  to  allow  press-fit 
attachment  of  the  device  to  the  bone. 

According  to  the  invention  there  is  provided  a 
femoral-side  hip  joint  prosthesis  for  use  in  a  sur- 
gical  process  in  which  the  head  portion  of  a  femur 

30  is  surgically  removed  and  an  elongated  cavity  ex- 
tending  through  the  proximal  end  and  down  along 
the  long  axis  of  the  femur  is  formed  to  receive  the 
prosthesis  by  removing  internal  cancellous  bone 
below  the  cut,  the  prosthesis  comprising  an  elon- 

35  gate  stem,  having  a  proximal  portion  and  a  distal 
portion  angled  relative  to  the  proximal  portion  when 
viewed  from  the  front,  the  stem  surface  defining 
maximally  spaced  infero-medial  and  supero-lateral 
surface  curves,  the  stem  surface  having  a  surface 

40  rotation  which  carries  the  supero-lateral  surface 
curve  about  15°  -  30°  forward  with  respect  to  the 
infero-medial  surface  curve  on  progressing  upward 
along  the  proximal  portion  of  the  stem  surface 
when  in  operative  position,  and  the  proximal  portion 

45  of  the  stem  being  free  of  any  structure  which 
necessitates  surgical  invasion  or  removal  of  the 
upper  medial  border  of  the  piriformis  fossa  of  a 
femur  when  the  prosthesis  is  to  be  inserted  into  the 
said  femur. 

50  The  stem  may  have  layered  construction 
formed  of  an  inner  composite  core  having  an  elas- 
tic  modulus  less  than  about  150GPa  (20  X  10G  psi), 
and  an  outer  composite  sheath  having  an  elastic 
modulus  less  than  that  of  bone.  The  core  is  adapt- 

55  ed  to  carry  most  of  the  bending  load,  and  the 
sheath,  most  of  the  torsional  load.  The  design 
provides  a  relatively  low-stiffness  prosthesis  which 
allows  good  load  transfer  from  the  prosthesis  to  the 
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bone  and  adequate  bending  strength.  The  stem 
construction  may  also  include  an  outer  fixation  lay- 
er  allowing  for  a  biological  attachment  of  the  device 
to  the  bone. 

In  the  method  for  surgically  implanting  the 
prosthetic  device  in  a  proximal  femur,  the  less 
dense  cancellous  material  of  the  bone  is  removed 
with  a  rasp/broach-like  instrument  whose  surface 
shape  and  dimensions  are  substantially  like  those 
of  the  stem.  The  cavity  produced  is  adapted  to 
receive  the  stem  by  a  slight  twist-in  movement 
which  seats  the  stem  with  multiple  proximal  contact 
areas  in  a  press-fit  fashion  within  the  cavity.  The 
stem  is  preferably  bonded  to  the  bone  by  a  biologi- 
cal  fixation,  which  may  involve  bonding  to  a  micro- 
porous  surface  or  to  a  surface-bound  hydrox- 
yapatite  or  other  suitable  bioactive  material  in  the 
proximal  stem  region,  or  by  press  fit. 

In  a  more  general  embodiment,  the  prosthesis 
of  the  invention  includes  a  stem  having  a  surface 
twist  which  provides  a  twist-type  interlock  between 
stem  and  bone,  when  the  stem  is  inserted  into  a 
complementary  shaped  cavity  formed  in  the  bone. 

These  and  other  objects  and  features  of  the 
present  invention  will  become  more  fully  apparent 
when  the  following  detailed  description  of  the  in- 
vention  is  read  in  conjunction  with  the  accompany- 
ing  drawings. 

Brief  Description  of  the  Drawings 

Figure  1  is  a  frontal  sectional  view  of  a  proximal 
portion  of  a  right  femur  fitted  with  a  prosthetic 
device  constructed  according  to  an  embodiment 
of  the  invention; 
Figure  2  is  a  side  sectional  view  of  the  femur 
and  attached  prosthetic  device,  as  viewed  from 
the  right  in  Figure  1,  and  with  the  ball-joint 
member  removed; 
Figures  3-7  show  a  series  of  cross-sections  tak- 
en  along  lines  3-3,  4-4,  5-5,  6-6,  and  7-7,  re- 
spectively  in  Figure  1  ; 
Figure  8  is  a  side-sectional  view  of  a  prosthetic 
device  having  a  layered  construction;  and 
Figure  9  shows  an  enlarged  cross-sectional  view 
of  a  layered  region  of  the  prosthetic  device  from 
Figure  8. 

Detailed  Description  of  the  Invention 

Figure  1  shows,  in  frontal  sectional  view,  the 
proximal  (upper  end)  portion  of  a  human  right  fe- 
mur  10  and  an  attached  prosthesis  device  12  con- 
structed  according  to  the  present  invention.  The 
femur  and  attached  device  are  seen  in  side  sec- 
tional  view  in  Figure  2,  as  viewed  from  the  right  in 
Figure  1  . 

The  femur  is  composed  of  an  outer  cortex  or 
shell  14  formed  of  hard  cortical  material,  and  a 
honeycomb-like  internal  structure  16  which  fills  the 
proximal  end  of  the  region  of  the  bone  is  com- 

5  posed  of  densified  cancellous  material,  indicated  at 
16a  in  Figures  1  and  2,  and  a  less  dense  cancel- 
lous  material  16b  (indicated  by  wavy  lines  in  these 
figures). 

The  densified  cancellous  material  defines  a 
io  spiraled  intramedullary  cavity  17  whose  surface- 

wall  features  will  be  discussed  below.  Cavity  17  is 
also  referred  to  herein  as  a  pseudo-intramedullary 
cavity  to  distinguish  it  from  a  larger  intramedullary 
cavity  defined  substantially  by  cortical-shell  sur- 

15  faces  of  the  bone. 
The  femur  has  two  distinctive  surface  features- 

-a  greater  trochanter  18,  seen  prominently  in  Fig- 
ure  1  ,  and  a  lesser  trochanter  20,  on  the  posterior 
side  of  the  bone,  seen  particularly  in  Figures  1  ,  2, 

20  5,  and  6.  Formed  in  the  internal  cancellous  bone 
structure  is  a  dense-material  plate  or  calcar 
femorale,  which  covers  the  lesser  trochanter  from 
within.  The  calcar  femorale  is  indicated  at  22  in 
Figures  1  ,  2,  and  4.  Also  of  note  is  a  densification 

25  of  the  cancellous  bone  separating  the  greater 
trochanter  and  the  pseudo-intramedullary  canal. 
The  reader  is  referred  to  Garden,  R.S.,  et  al,  J 
Bone  and  Joint  Surg  (1961)  43B(3):576,  for  a  more 
detailed  description  of  the  proximal  femur  construc- 

30  tion,  and  particularly  the  arrangement  of  the  can- 
cellous  bone  material  which  forms  structure  16.  As 
brought  out  in  this  reference,  the  proximal  end  of 
the  femur  is  partially  spiraled,  presumably  reflect- 
ing  the  developmental  response  of  the  femur  to  an 

35  upright  position,  where  weight  loading  occurs  along 
a  vertical  direction. 

The  bone  has  been  cut  surgically  along  a  plane 
24  approximately  normal  to  the  axis  of  the  neck  of 
the  femur,  providing  an  opening  26--seen  partially 

40  in  Figure  2--for  cavity  17,  in  which  device  12  is 
received.  With  reference  to  Figure  1,  the  plane  of 
cut  extends  from  a  lower  region  24A  spaced  a 
distance  ti  above  the  maximal  projection  of  the 
lower  trochanter,  as  indicated,  to  an  upper  region 

45  24B  that  is  medial  to  the  medial  border  of  the 
piriformis  fossa  (the  notched  region  seen  at  19  in 
Figure  1).  For  reasons  which  will  be  seen  below, 
the  construction  and  configuration  of  the  device 
allows  the  surgical  cut  to  be  made  at  the  subcapital 

50  level  with  a  minimal  loss  of  upper  bone  stock.  In 
particular,  ti  is  characteristically  4-10  mm  longer 
than  the  comparable  neck-cut  distance  associated 
with  prior  art  hip-prosthetic  devices,  and  the  pirifor- 
mis  fossa  is  kept  substantially  intact. 

55  With  continued  reference  to  Figures  1  and  2, 
device  12  includes  an  elongate  stem  30  which 
terminates  at  a  proximal  neck  32,  and  a  tapered 
thimble  34,  formed  integrally  with  the  stem  on  the 

4 
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neck.  Thimble  34  is  adapted  to  carry  a  hip-joint 
head,  or  member  36,  which  is  received  by  press  fit 
in  a  tapered  cavity  38  formed  in  the  member.  The 
thimble  and  cavity  may  have  various  complemen- 
tary  configurations,  e.g.,  elliptical,  to  prevent  the 
member  from  rotating  on  the  thimble. 

A  distal  portion  40  of  the  stem  defines  a  central 
axis  42  which  substantially  parallels  the  long  axis  of 
the  bone,  with  the  device  in  operative  position.  An 
upper  or  proximal  curved  stem  portion  44  defines, 
with  the  thimble  34,  a  central  axis  46  which  meets 
axis  42  at  an  angle  6  in  Figure  1.  Angle  6  is 
preferably  between  1  25  °  and  1  55  °  . 

The  surface  of  the  stem,  as  viewed  in  Figure  1, 
has  maximally  spaced  infero-medial  and  supero- 
lateral  surface  curves  48,  50,  respectively,  extend- 
ing  along  the  length  of  the  stem.  According  to  an 
important  feature  of  the  invention,  the  surface  of 
the  stem  is  characterized  by  a  surface  rotation 
which  carries  supero-lateral  curve  50  between 
about  15-30°  forward  (in  an  anterior  direction  with 
the  device  in  operative  position)  with  respect  to 
infero-medial  curve  48,  on  moving  upward  along 
the  stem's  proximal  portion. 

The  stem  surface  configuration  just  described 
can  be  appreciated  particularly  with  reference  to 
Figures  3-7,  which  show  a  series  of  cross-sections 
taken  at  increasingly  more  proximal  regions  along 
the  bone.  In  Figure  3,  it  is  seen  that  the  lower  distal 
portion  of  the  stem  has  a  substantially  elliptical 
cross-section,  in  which  the  minor  axis  is  shifted 
laterally  somewhat  from  the  mid-point  of  the  major 
axis.  The  major  axis  of  the  elliptical  cross-section, 
indicated  at  52  in  Figure  3,  extends  in  a  substan- 
tially  side-to-side  direction  with  respect  to  the 
bone's  body  orientation,  and  intersects  the  stem 
surface  at  curves  48,  50.  The  Figure  4  sectional 
view  shows  the  increase  in  area  of  the  cross- 
section  of  the  stem  on  moving  upward  along  the 
distal  stem  portion.  The  major  axis,  defined  by  the 
elliptical  cross-section  in  Figure  4  and  indicated  at 
54,  substantially  parallels  axis  52. 

The  elliptical  twist  in  the  stem  surface,  on 
moving  upward  along  the  stem's  proximal  portion, 
can  be  appreciated  from  Figures  5-7.  Looking  first 
at  Figure  5,  it  is  seen  that  the  modified  elliptical 
cross-section  of  the  stem  has  between  about  a  3  °  - 
8°  rotation,  as  defined  by  the  angle  between  the 
major  axes  of  the  elliptical  cross-sections  in  Fig- 
ures  3  and  4  and  the  major  axis  of  the  elliptical 
cross-section  in  Figure  5.  The  rotation  or  twist  in 
the  elliptical  cross-section  increases  to  between 
about  10°  -16°  at  the  level  of  section  line  6-6,  and 
increases  further  to  a  maximum  of  about  30  °  at  the 
proximal  end  of  the  stem  corresponding  to  section 
line  7-7,  and  seen  in  Figure  7.  The  twist  in  the 
surface,  which  has  been  described  as  a  rotation  of 
the  major  axes  of  the  elliptical  cross-sections  on 

progressing  upward,  corresponds  to  a  movement  of 
supero-lateral  surface  curve  50  between  about 
1  5  °  -30  °  ,  suitably  1  8  °  -30  °  ,  forward  with  respect  to 
the  infero-medial  curve  48.  The  surface-twist  geom- 

5  etry  of  the  stem  necessitates  a  right  and  left  pros- 
thesis,  because  the  rotation  of  the  prosthesis  cross- 
section  on  one  side  is  counterclockwise  and  on  the 
other  is  clockwise. 

With  reference  now  to  Figure  2,  the  stem's 
io  neck  and  the  attached  thimble  are  inclined  about 

3°-  15°  forward  (toward  the  anterior  of  the  body) 
with  respect  to  an  axis  55  which  extends  through 
the  stem's  lower  proximal  region,  parallel  to  axis 
42.  This  inclination,  or  anteversion,  functions  to 

is  place  ball  member  36  at  a  position  which  closely 
approximates  the  average  postion  occupied  by  the 
natural  head  in  the  femur.  It  is  noted,  however,  that 
actual  variations  in  the  head  positions  in  a  large 
population  range  from  about  38°  anteversion  to 

20  20°  retroversion.  In  cases  of  more  extreme  ret- 
roversion,  it  may  be  advantageous  to  incline  the 
thimble  (and  attached  ball  member)  in  a  more 
neutral  position. 

The  prosthetic  device  of  the  invention  may  be 
25  constructed  of  a  variety  of  biocompatible  metals, 

metal  alloys,  and/or  composite  materials  which  pro- 
vde  suitable  strength  and  other  elastic  mechanical 
characteristics.  The  bending  stiffness  of  the  ma- 
terial  is  affected  by  its  modulus  of  elasticity,  de- 

30  fined  as  the  slope  of  the  linear  portion  of  the 
stress-strain  curve.  All  orthopedic  stem  materials 
have  considerably  larger  moduli  of  elasticity  than 
bone,  whose  modulus  value  is  about  14-20  GPa  (2- 
3  X  10G  psi)  but  it  is  desired  to  avoid  materials 

35  such  as  stainless  steel  or  cobalt-chromium  alloys, 
which  have  a  modulus  of  elasticity  values  greater 
than  about  200  GPa  (28  X  10G  psi).  One  preferred 
orthopedic  material  is  a  titanium  alloy  whose 
modulus  of  elasticity  value  is  about  110-125  GPa 

40  (16  X  10G  to  18  X  10G  psi).  The  stem  may  be 
provided  with  a  microporous  surface,  according  to 
known  fabricating  techniques  or  coated  with  a  layer 
of  hydroxyapatite  or  other  suitable  bioactive  ma- 
terial. 

45  Another  preferred  stem  material  is  a  composite 
composed  of  graphite  or  other  high-strength  fibers 
in  a  polymer  matrix.  The  composite  material  has  a 
relatively  low  elastic  modulus,  in  the  range  between 
about  100-150GPa  (15-20  X  10G  psi)  in  a  longitudi- 

50  nal  direction,  and  moduli  which  are  considerably 
lower-in  the  range  of  6-14  GPa  (1  to  2  X  10G  psi)~ 
in  a  direction  tranverse  to  the  fiber  direction.  A 
composite  composed  of  unidirectional  fibers  also 
has  a  low  torsional  stiffness  along  the  axis  of  the 

55  fibers. 
The  stem  is  also  preferably  constructed  to  ac- 

commodate  torsional  loads  without  imparting  a  high 
stress  to  the  interface  bonding  between  the  stem 

5 
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and  the  bone.  This  capability  may  be  especially 
important  where  the  stem  is  attached  to  the  bone, 
in  its  proximal  region,  by  biological  fixation.  Figure 
8  shows  a  sectional  view  of  a  novel  layered  stem 
construction  that  combines  the  high  strength  and 
favorable  bending  characteristics  of  a  composite 
material  with  relatively  low  torsional  response  char- 
acteristics.  The  stem,  which  is  indicated  generally 
at  56,  includes  an  inner  composite  core  58  com- 
posed  of  unidirectional  graphite  or  other  high- 
strength  fiber  in  a  polymer  matrix.  Surrounding  the 
core  is  sheath  60  of  braided,  woven,  or  plied  fibers 
in  a  polymer  mix.  The  sheath  is  designed  to  carry 
most  of  the  torsional  loads  transferred  to  the  stem 
from  the  hip  joint.  The  thickness  of  the  sheath  can 
be  varied  typically  between  about  0.5  and  0.8mm 
(0.02  and  0.30  inches),  depending  on  the  desired 
relative  contributions  of  the  sheath  and  core  to 
bending  stiffness  and  resistance  to  torsional  loads. 
The  elastic  modulus  of  the  sheath  is  preferably 
less  than  35  GPa  (5x1  0G  psi).  The  proximal  region 
of  the  sheath  may  be  covered  by  an  outer  surface 
coating  62  of  a  bonding  material,  such  as  particles 
of  hydroxyapatite  or  other  bioactive  material  em- 
bedded  in  a  polymer.  The  core,  sheath,  and  outer 
coating  layers  are  shown  in  fragmentary,  expanded 
scale  in  Figure  9. 

The  construction  just  described  provides  a 
comparatively  low-stiffness  prosthesis  which  allows 
good  load  transfer  from  the  stem  to  the  bone  and 
yet  has  high  strength,  relatively  small  size,  and  the 
capability  of  accommodating  torsional  loads. 

The  procedure  for  inserting  device  12  to  a 
proximal  femur,  according  to  the  method  of  the 
invention,  will  now  be  described.  Initially,  the  bone 
is  cut  surgically  at  the  subcapital  level  along  plane 
24  to  remove  the  femur  head  which  is  to  be  re- 
placed.  The  distance  ti  used  in  gauging  the  plane 
of  cut  will  vary  somewhat  depending  on  the  size  of 
bone  being  cut.  However,  the  principle  is  to  pre- 
serve  the  maximal  amount  of  proximal  femur.  The 
region  of  cut  is  generally  similar  to  that  illustrated 
in  Figure  1  . 

To  form  cavity  26  there  is  provided,  according 
to  the  method  of  the  invention,  a  rasp/broach  tool 
(not  shown)  having  substantially  the  same  shape 
and  size  as  the  stem  of  the  device  which  is  to  be 
inserted.  In  particular,  the  rasp  has  a  surface  twist 
and  may  have  a  slight  anteversion  in  the 
"proximal"  region  of  the  tool  corresponding  to  the 
surface  features  of  the  corresponding  stem.  Here  it 
is  noted  that,  in  order  to  cover  the  wide  range  of 
bone  sizes  which  are  encountered  in  orthopedic 
surgery,  it  may  be  necessary  to  have  as  many  as 
six  or  seven  sizes  of  prosthetic  devices,  and  a 
corresponding  number  of  rasp/broach  tools  for  use 
with  each  of  the  different-size  prosthetic  devices.  In 
selecting  an  optimal  stem  size  for  a  particular 

bone,  it  is  generally  desirable  to  select  the  largest 
stem  size  which  can  be  received  in  a  cavity  formed 
by  removal  of  cancellous  bone  material  within  the 
pseudo-intramedullary  space  only.  This  size  selec- 

5  tion  can  be  made  accurately  from  X-rays  of  the 
proximal  femur. 

The  selected-size  rasp  is  used  to  remove  por- 
tions  of  the  cancellous-bone  structure  16  to  form  a 
cavity  whose  size  and  shape  are  dimensioned  to 

io  conform  substantially  to  the  surface  of  the  stem. 
The  elliptical-twist  surface  feature  in  the 
rasp/broach  requires  that  the  tool  be  worked  with  a 
slight  twisting  movement  as  it  is  moved  in  and  out 
of  the  cavity  region.  The  resultant  cavity  has  a  15- 

15  30°  surface  twist  (depending  on  the  surface  twist 
of  the  tool)  which,  in  effect,  optimizes  the  size  of 
the  stem  which  can  be  received  in  the  cavity 
without  (a)  making  a  substantially  more  distal  cut  in 
the  femur,  (b)  removing  hard  cortical  bone  material 

20  and  portions  of  the  calcar  femorale,  and/or  (c) 
violating  the  denser  cancellous  bone  which  form 
the  boundary  of  the  pseudo-intramedullary  space. 
Also,  no  extra  bone  is  removed  by  rasping,  so  that 
with  the  final  fit,  no  gaps  remain  between  the 

25  prosthesis  and  bone. 
The  stem  is  now  inserted  into  the  cavity,  using 

a  slight  twisting  movement  as  the  stem  is  moved 
fully  into  the  cavity,  to  seat  the  stem  with  a  large 
surface-contact  fit  into  the  cavity.  The  stem  may  be 

30  held  in  the  cavity  in  the  bone  either  using  a  grout 
material,  such  a  PMMA,  or  preferably  by  biological 
fixation  along  the  stem's  proximal  portion,  where 
the  stem  has  a  microporous  surface  or  is  coated 
with  hydroxyapatite  particles  or  other  bioactive  ma- 

35  terial  in  a  polymer  matrix.  Alternatively,  the  stem 
may  be  anchored  in  the  bone  by  simple  press  fit. 
i.e.,  without  provision  for  bonding  of  the  stem  to  the 
bone. 

From  the  foregoing,  it  can  be  appreciated  how 
40  various  objects  and  features  of  the  invention  are 

met.  The  device  includes  a  stem  whose  novel 
geometry  and  surface  features  minimize  the 
amount  of  bone  stock  which  must  be  removed  to 
insert  and  stabilize  the  prosthesis  in  the  bone  cav- 

45  ity.  Specifically,  by  fashioning  the  stem  to  conform 
substantially  to  the  soft  cancellous  region  of  the 
proximal  femur,  the  stem  cavity  can  be  formed  with 
a  minimum  loss  of  hard  bone  material,  as  com- 
pared  with  a  stem  configuration  that  does  not  follow 

50  the  natural  spiral  of  the  bone.  In  particular,  both  a 
higher  neck  cut  can  be  made  and  less  internal 
cortical  and  dense  cancellous  type  material  needs 
to  be  removed. 

The  twist-in  feature  of  stem  insertion  into  the 
55  cavity  acts  to  seat  the  stem  within  the  cavity, 

essentially  preventing  the  stem  from  further  twist- 
ing,  as  tends  to  occur  in  conventional  types  of  hip- 
joint  prosthetic  devices.  This  interlock  allows  the 
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stem  to  be  attached  by  press-fit  only~i.e.,  without 
the  use  of  cement  or  biological  fixation-with  a 
minimum  risk  that  the  stem  will  be  able  to  work 
loose  in  the  cavity  with  continued  bending  and 
torsional  loads.  Where  the  stem  is  anchored  by 
biological  fixation,  the  interlock  feature  acts  to  hold 
the  stem  in  an  immobilized  state  during  the 
several-month  period  in  which  biological  fixation  is 
occurring,  and  the  patient  may  therefore  enjoy 
greater  freedom  of  leg  movement  during  this  pe- 
riod. 

The  surface-twist  feature  described  above  pro- 
vides  a  stable  configuration  which  is  applicable  to 
stem  fixation  into  any  bone  having  an  elongate 
intramedullary  canal--e.g.,  tibia,  humerus,  ulna, 
metacarpals,  phalanges.  In  this  more  general  ap- 
plication,  the  invention  includes  an  elongate  stem 
having  proximal  and  distal  ends,  and  an  outer  sur- 
face  which  defines  a  pair  of  maximally  spaced 
surface  curves  extending  along  the  length  of  the 
stem.  The  stem  surface  is  characterized  by  a  twist 
in  the  surface  curves  on  progressing  toward  the 
articulating  surface  of  the  bone  which  is  being 
replaced.  That  is,  the  orientation  of  the  axes  which 
intersect  and  are  substantially  normal  to  the  two 
curves  shifts  in  either  a  clockwise  or  counterclock- 
wise  direction,  when  viewed  down  the  long  axis  of 
the  stem.  The  degree  of  twist  in  the  stem  is  prefer- 
ably  between  about  15  and  30  degrees.  The  stem 
is  adapted  for  receipt  by  a  twist-on  motion  within  a 
substantially  complementary-shaped  cavity  formed 
in  an  end  region  of  a  bone.  Also  included  in  the 
device  is  structure  carried  on  the  proximal  end  of 
the  stem  for  supporting  a  replacement  joint.  The 
structure  may  include  a  neck,  as  in  prosthetic  de- 
vice  12,  for  receiving  a  detachable  joint  member,  or 
the  joint  member  may  be  integrally  formed  with  the 
stem  through  suitable  support  structure. 

A  preferred  stem  construction  in  the  invention 
comprises  a  layered  core/sheath  construction 
which  provides  advantages  of  (a)  relatively  low 
bending  stiffness,  (b)  high  strength,  (c)  low  tor- 
sional  resistance,  and  (d)  relatively  small  size.  The 
low  elastic  modulus,  to  the  extent  that  it  more 
closely  approximates  the  low  elastic  modulus  of  the 
bone,  provides  for  less  stress  protection  and  more 
efficient  load  transfer  between  the  prosthesis  and 
the  bone. 

While  preferred  embodiments  of  the  invention 
have  been  described  herein,  it  will  be  apparent  that 
various  changes  and  modifications  can  be  made. 
For  example,  although  the  stem  in  the  prosthetic 
device  illustrated  in  the  figures  has  a  modified 
elliptical  cross-sectional  shape,  other  elongate 
cross-sectional  configurations,  such  as  one  having 
a  series  of  substantially  planar  faces,  are  compati- 
ble  with  the  stem  surface  features  described  here- 

Claims 

1.  A  femoral-side  hip  joint  prosthesis  (12)  for  use 
in  a  surgical  process  in  which  the  head  portion 

5  of  a  femur  (10)  is  surgically  removed  and  an 
elongated  cavity  (17)  extending  through  the 
proximal  end  and  down  along  the  long  axis  of 
the  femur  is  formed  to  receive  the  prosthesis 
by  removing  internal  cancellous  bone  (22)  be- 

io  low  the  cut,  the  prosthesis  (12)  comprising  an 
elongate  stem  (40)  (56),  having  a  proximal 
portion  (32)  and  a  distal  portion  (40)  angled 
relative  to  the  proximal  portion  when  viewed 
from  the  front,  the  stem  surface  defining  maxi- 

15  mally  spaced  infero-medial  (48)  and  supero- 
lateral  (50)  surface  curves,  the  stem  surface 
having  a  surface  rotation  which  carries  the 
supero-lateral  surface  curve  about  15°  -  30° 
forward  with  respect  to  the  infero-medial  sur- 

20  face  curve  on  progressing  upward  along  the 
proximal  portion  of  the  stem  surface  when  in 
operative  position,  and  the  proximal  portion  of 
the  stem  being  free  of  any  structure  which 
necessitates  surgical  invasion  or  removal  of 

25  the  upper  medial  border  of  the  piriformis  fossa 
(19)  of  a  femur  when  the  prosthesis  is  to  be 
inserted  into  the  said  femur. 

2.  A  prosthesis  (12)  according  to  claim  1,  in 
30  which  the  proximal  stem  portion  (32)  is  sub- 

stantially  elliptical  in  cross-section. 

3.  A  prosthesis  (12)  according  to  claim  1  or  2  in 
which  the  stem's  proximal  portion  (32)  termi- 

35  nates  at  a  neck  having  a  3°  -15°  anteversion. 

4.  A  prosthesis  (12)  according  to  any  preceding 
claim  in  which  the  stem  (56)  is  formed  of  an 
inner  composite  core  (58)  having  an  elastic 

40  modulus  between  about  100-150  GPa  (15-20  X 
10  10G  psi),  and  an  outer  composite  sheath 
(60)  having  an  elastic  modulus  of  less  than 
about  35  GPa  (5  X  10G  psi). 

45  5.  A  prosthesis  (12)  according  to  claim  4,  in 
which  the  inner  composite  core  (58)  is  formed 
of  unidirectional,  longitudinally  extending  high- 
strength  fibers  in  a  polymer  matrix,  and  the 
composite  sheath  (60)  is  formed  of  braided 

50  fibers  in  a  polymer  matrix. 

6.  A  prosthesis  (12)  according  to  any  preceding 
claim  in  which  the  proximal  portion  (32)  of  the 
stem  (30)  (56)  is  provided  with  a  surface  coat- 

55  ing  of  a  bioactive  material  adapted  to  promote 
biological  fixation  of  the  bone  to  such  stem 
portion. 

7 
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7.  A  prosthesis  (12)  according  to  any  preceding 
claim  in  which  the  proximal  portion  (32)  of  the 
stem  (30)  (56)  is  provided  with  a  microporous 
surface  adapted  to  promote  bone  ingrowth  to 
such  portion. 

8.  A  prosthesis  (12)  according  to  any  preceding 
claim  shaped  and  dimensioned  to  fit  within  the 
said  elongate  cavity  (17)  of  the  said  femur 
(10),  entering  the  femur  at  a  cut  along  a  plane 
(24)  approximately  normal  to  the  axis  of  the 
neck  of  the  femur  at  a  subcapital  position 
which  leaves  the  piriformis  fossa  (19)  substan- 
tially  intact. 

9.  A  prosthesis  (12)  according  to  any  preceding 
claim  in  which  the  surface  rotation  carries  the 
supero-lateral  curve  (50)  about  18°  -30°  for- 
ward  with  respect  to  the  infero-medial  (48) 
surface  curve  on  progressing  upward  along  the 
proximal  portion  of  the  stem  surface. 

10.  A  prosthesis  (12)  according  to  any  preceding 
claim  in  which  the  distal  portion  (40)  of  the 
stem  (30)  (56)  is  substantially  straight  when 
viewed  from  both  the  front  and  side. 

Patentanspruche 

1.  Femoral-Seitenhuftgelenkprothese  (12)  zur 
Verwendung  in  einem  Operationsverfahren,  bei 
dem  der  Kopfabschnitt  eines  Femurs  (10)  ope- 
rativ  entfernt  und  ein  langlicher  Hohlraum  (17) 
gebildet  wird,  der  sich  durch  das  proximale 
Ende  und  nach  unten  entlang  der  Langsachse 
des  Femurs  erstreckt,  urn  die  Prothese  aufzu- 
nehmen,  indem  der  innere  kanzellose  Knochen 
(22)  unterhalb  des  Schnittes  entfernt  wird,  mit 
einem  langlichen  Schaft  (40,  56),  der  einen 
proximalen  Abschnitt  (32)  und  einen  distalen 
Abschnitt  (40)  aufweist,  welcher  in  der  Vorder- 
ansicht  winklig  zum  proximalen  Abschnitt  an- 
geordnet  ist,  wobei  die  Schaftoberflache  maxi- 
mal  beabstandete  Infero-Medial-  (48)  und 
Supero-Lateral-  (50)  Oberflachenkurven  bildet 
und  eine  Oberflachendrehung  besitzt,  die  die 
Supero-Lateral-Oberflachenkurve  relativ  zur 
Infero-Medial-Oberflachenkurve  bei  der  Auf- 
wartsbewegung  entlang  dem  proximalen  Ab- 
schnitt  der  Schaftoberflache  etwa  15°  -  30° 
nach  vorne  tragt,  wenn  sich  die  Schaftoberfla- 
che  in  operativer  Position  befindet,  und  wobei 
der  proximale  Abschnitt  des  Schaftes  frei  von 
jeglicher  Konstruktion  ist,  die  einen  operativen 
Eingriff  oder  eine  Entfernung  der  oberen  me- 
dialen  Grenze  der  piriformis  fossa  (19)  eines 
Femurs  benotigt,  wenn  die  Prothese  in  den 
Femur  eingefuhrt  werden  soil. 

2.  Prothese  (12)  nach  Anspruch  1,  bei  der  der 
proximale  Schaftabschnitt  (32)  im  Querschnitt 
im  wesentlichen  elliptisch  ist. 

5  3.  Prothese  (12)  nach  Anspruch  1  oder  2,  bei  der 
der  proximale  Abschnitt  (32)  des  Schaftes  an 
einem  Hals  endet,  der  eine  3°  -  15°  Antever- 
sion  besitzt. 

io  4.  Prothese  (12)  nach  einem  der  vorangehenden 
Anspruche,  bei  der  der  Schaft  (56)  aus  einem 
inneren  zusammengesetzten  Kern  (58)  geformt 
ist,  welcher  einen  Elastizitatsmodul  zwischen 
etwa  100-150  GPa  (15-20  x  10G  psi),  und  aus 

is  einer  auBeren  zusammengesetzten  Hulle  (60), 
die  einen  Elastizitatsmodul  besitzt,  der  gerin- 
ger  ist  als  etwa  35  GPa  (5  x  10G  psi). 

5.  Prothese  (12)  nach  Anspruch  4,  bei  der  der 
20  innere  zusammengesetzte  Kern  (58)  aus  ein- 

seitig  gerichteten,  in  Langsrichtung  verlaufen- 
den  hochfesten  Fasern  in  einer  Polymermatrix 
und  die  zusammengesetzte  Hulle  (60)  aus  be- 
flochtenen  Fasern  in  einer  Polymermatrix  ge- 

25  formt  sind. 

6.  Prothese  (12)  nach  einem  der  vorangehenden 
Anspruche,  bei  der  der  proximale  Abschnitt 
(32)  des  Schaftes  (30,  56)  mit  einer  Oberfla- 

30  chenbeschichtung  aus  einem  bioaktiven  Mate- 
rial  versehen  ist,  das  die  biologische  Fixierung 
des  Knochens  an  einem  derartigen  Schaftab- 
schnitt  fixieren  kann. 

35  7.  Prothese  (12)  nach  einem  der  vorangehenden 
Anspruche,  bei  der  der  proximale  Abschnitt 
(32)  des  Schaftes  (30,  56)  mit  einer  mikroporo- 
sen  Oberflache  versehen  ist,  die  das  Knochen- 
einwachsen  in  einen  derartigen  Abschnitt  for- 

40  dem  kann. 

8.  Prothese  (12)  nach  einem  der  vorangehenden 
Anspruche,  die  so  geformt  und  dimensioniert 
ist,  dal3  sie  in  den  langlichen  Hohlraum  (17) 

45  des  Femurs  (10)  eingepaBt  werden  kann,  wo- 
bei  sie  in  den  Femur  an  einem  Schnitt  entlang 
einer  Ebene  (24)  etwa  normal  zur  Achse  des 
Halses  des  Femurs  an  einer  subkapitalen  Stel- 
le  eindringt,  die  die  piriformis  fossa  (19)  im 

50  wesentlichen  intakt  Ial3t. 

9.  Prothese  (12)  nach  einem  der  vorangehenden 
Anspruche,  bei  der  die  Oberflachendrehung 
die  Supero-Lateral-Kurve  (50)  in  bezug  auf  die 

55  Infero-Medial-Oberflachenkurve  (48)  bei  der 
Aufwartsbewegung  entlang  dem  proximalen 
Abschnitt  der  Schaftoberflache  etwa  18°  -  30° 
nach  vorne  tragt. 

8 



13 EP  0  231  267  B1 14 

10.  Prothese  (12)  nach  einem  der  vorangehenden 
Anspruche,  bei  der  der  distale  Abschnitt  (40) 
des  Schaftes  (30,  56)  im  wesentlichen  gerade 
ist,  wenn  er  von  vorne  und  der  Seite  betrachtet 
wird. 

Revendicatlons 

1.  Prothese  d'articulation  de  hanche,  partie  femo- 
rale,  (12)  destinee  a  etre  utilisee  dans  une 
intervention  chirurgicale  dans  laquelle  la  partie 
tete  du  femur  (10)  est  enlevee  chirurgicale- 
ment  et  une  cavite  allongee  (17)  qui  s'etend 
dans  I'extremite  proximale  et  descendant  le 
long  du  grand  axe  du  femur  est  formee  pour 
recevoir  la  prothese  par  enlevement  de  I'os 
spongieux  interne  (22)  au-dessous  de  la  cou- 
pe,  la  prothese  (12)  comprenant  une  tige  allon- 
gee  (40)  (56)  ayant  une  partie  proximale  (32), 
et  une  partie  distale  (40)  qui  forme  un  angle 
avec  la  partie  proximale,  dans  une  vue  de 
face,  la  surface  de  la  tige  definissant  des  cour- 
bes  infero-mediale  (48)  et  supero-laterale  (50) 
espacees  au  maximum,  la  surface  de  la  tige 
ayant  une  rotation  de  surface  qui  place  la 
courbe  de  la  surface  supero-laterale  a  environ 
15  a  30°  en  avant  de  la  courbe  de  la  surface 
infero-mediale  en  progressant  de  bas  en  haut 
le  long  de  la  partie  proximale  de  la  surface  de 
la  tige  placee  position  de  travail,  et  la  partie 
proximale  de  la  tige  etant  exempte  de  toute 
structure  qui  necessiterait  une  invasion  chirur- 
gicale  ou  un  enlevement  de  la  bordure  mediale 
superieure  de  la  piriformis  fossa  (19)  du  femur 
pour  pouvoir  inserer  la  prothese  dans  ledit 
femur. 

2.  Prothese  (12)  selon  la  revendication  1,  dans 
laquelle  la  partie  proximale  (32)  de  la  tige  est 
de  forme  sensiblement  elliptique  en  section 
transversale. 

forme  de  fibres  a  haute  resistance  mecanique, 
unidirectionnelles,  s'etendant  longitudinale- 
ment,  contenues  dans  une  matrice  de  polyme- 
re,  la  gaine  composite  (60)  est  formee  de 

5  fibres  tressees  contenues  dans  une  matrice  de 
polymere. 

6.  Prothese  (12)  selon  une  quelconque  des  re- 
vendications  precedentes,  dans  laquelle  la  par- 

io  tie  proximale  (32)  de  la  tige  (30)  (56)  est  munie 
d'un  revetement  de  surface  d'une  matiere 
bioactive  adaptee  pour  favoriser  la  fixation  bio- 
logique  de  I'os  a  ladite  partie  de  la  tige. 

is  7.  Prothese  (12)  selon  une  quelconque  des  re- 
vendications  precedentes,  dans  laquelle  la  par- 
tie  proximale  (32)  de  la  tige  (30)  (56)  est  munie 
d'une  surface  microporeuse  adaptee  pour  fa- 
voriser  la  penetration  de  la  substance  osseuse 

20  dans  cette  partie  par  croissance. 

8.  Prothese  (12)  selon  une  quelconque  des  re- 
vendications  precedentes,  conformee  et  di- 
mensionnee  pour  s'ajuster  dans  ladite  cavite 

25  allongee  (17)  dudit  femur  (10),  penetrant  dans 
le  femur  au  niveau  d'une  coupe  pratiquee  se- 
lon  un  plan  (24)  approximativement  normal  a 
I'axe  du  col  du  femur  dans  une  position  subca- 
pital,  qui  laisse  la  piriformis  fossa  (19)  sensi- 

30  blement  intacte. 

9.  Prothese  (12)  selon  une  quelconque  des  re- 
vendications  precedentes,  dans  laquelle  la  ro- 
tation  de  la  surface  place  la  courbe  supero- 

35  laterale  (50)  en  avant  d'environ  18°  a  30°  par 
rapport  a  la  courbe  de  la  surface  infero-media- 
le  (48)  lorsqu'on  progresse  vers  le  haut  le  long 
de  la  partie  proximale  de  la  surface  de  la  tige. 

40  10.  Prothese  (12)  selon  une  quelconque  des  re- 
vendications  precedentes,  dans  laquelle  la  par- 
tie  distale  (40)  de  la  tige  (30)  (56)  est  sensible- 
ment  rectiligne  lorsqu'on  la  voit  a  la  fois  de 
I'avant  et  du  cote. 

3.  Prothese  (12)  selon  la  revendication  1  ou  2, 
dans  laquelle  la  partie  proximale  (32)  de  la  tige 
se  termine  par  un  col  ayant  une  anteversion  de  45 
3  a  15°. 

4.  Prothese  (12)  selon  une  quelconque  des  re- 
vendications  precedentes,  dans  laquelle  la  tige 
(56)  est  formee  d'un  noyau  composite  interieur  50 
(58)  ayant  un  module  elastique  compris  entre 
environ  100  et  150  GPa  (15  a  20  x  10G  psi)  et 
une  gaine  composite  exterieure  (60)  ayant  un 
module  elastique  de  moins  d'environ  35  GPa 
(5  x  10G  psi).  55 

5.  Prothese  (12)  selon  la  revendication  4,  dans 
laquelle  le  noyau  composite  interieur  (58)  est 
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