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©  A  strap  assembly  (10)  to  be  looped  about  split 
portions  of  human  tissue  to  retain  the  split  portions 
in  adjacent  contacting  relation  to  promote  healing 
thereof  includes  a  flexible  elongated  member  (12) 
and  a  buckle  member  (14).  The  buckle  member 
includes  a  frame  member  (11)  and  a  clamp  member 
(18)  rotatably  mounted  within  the  frame  member 
from  a  non-strap  securing  position  to  a  strap  secur- 
ing  position.  The  clamp  member  rotates  to  the  strap 
securing  position  in  response  to  tensional  forces 
exerted  on  the  strap  during  tensioning  thereof  about 
the  tissue  portions. 
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BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  surgical  de- 
vices  for  repair  of  split  portions  of  tissue.  In  particu- 
lar,  the  invention  is  directed  to  a  strap  assembly  for 
securing  a  strap  about  split  portions  of  a  sternum 
to  maintain  the  portions  in  adjacent  contacting  rela- 
tionship  during  healing. 

2.  Description  of  the  Prior  Art 

During  surgery  that  involves  a  median  ster- 
notomy,  e.g.,  open  heart  surgery,  the  sternum  is 
split  longitudinally  to  allow  access  to  the  organs 
within  the  thoracic  cavity.  Upon  completion  of  the 
surgery,  the  sternum  is  rejoined  and  closed  se- 
curely.  For  proper  healing  to  occur,  the  split  ster- 
num  portions  are  preferably  engaged  in  face-to- 
face  relationship  and  compressed  together  while 
the  sternum  heals. 

Traditional  methods  for  closing  a  sternum  in- 
volve  securing  steel  wires  around  or  through  the 
sternum  halves  and  approximating  the  sternum  by 
twisting  the  wires  together. 

Recently,  a  certain  amount  of  emphasis  has 
been  directed  towards  the  use  of  band  or  strap 
assemblies  for  sternum  repair.  Such  assemblies 
typically  include  a  locking  mechanism  which  se- 
cures  a  strap  in  a  closed  looped  configuration 
about  the  sternum  portions.  One  example  of  an 
assembly  of  this  type  is  described  in  U.S.  Patent 
No.  4,813,416  and  includes  a  banding  assembly 
having  a  curved  surgical  needle,  an  attached  thin 
flat  stainless  steel  band  and  a  buckle  mechanism. 
The  sternum  halves  are  brought  to  abutting  closure 
by  looping  the  band  in  position  around  or  through 
the  sternum  portions  and  securing  the  band  within 
the  buckle  mechanism. 

While  utilization  of  steel  wires  and  strap  as- 
semblies  have  been  widely  accepted  for  sternum 
repair,  certain  shortcomings  with  these  devices  are 
apparent.  The  use  of  steel  wires  presents  problems 
to  the  surgeon  during  the  operation  and  to  the 
patient  after  closure  is  completed.  Steel  wires  are 
difficult  to  maneuver  and  place  around  the  sternum. 
The  wire  edges  are  often  sharp  and  can  easily 
pierce  through  undesired  areas  including  tissue 
surrounding  the  sternum  area  or  the  surgeon's 
gloves  or  fingers. 

The  strap  assemblies  known  heretofore  incor- 
porate  buckle  mechanisms  which  are  relatively 
structurally  complex.  For  example,  the  buckle 
mechanism  described  in  U.S.  Patent  No.  4,813,416 
includes  a  saddle  part,  interned  flanges  disposed 
on  opposing  sides  of  the  saddle  part  and  a  loop 
segment.  The  saddle  part  and  interned  flanges 

define  a  band  slide  through  course  for  reception  of 
a  portion  of  the  band.  A  spring  leaf  extends  upwar- 
dly  from  the  loop  segment  through  a  slot  in  the 
saddle  part.  The  tip  end  of  the  spring  leaf  is 

5  narrowed  to  define  a  spring  tooth  or  projection 
which  projects  through  an  aperture  formed  in  the 
band  to  maintain  the  closed  band  loop  in  a  locked 
configuration. 

Thus,  there  is  a  clear  need  for  a  surgical  de- 
io  vice  which  is  simple  in  construction  and  effectively 

secures  the  divided  sternum  portions  together  for 
healing.  The  present  invention  is  directed  to  a  strap 
assembly  having  a  buckle  member  of  relatively 
simple  construction  which  securably  retains  a  strap 

75  in  a  closed  looped  locking  configuration  around 
sternum  portions  to  maintain  the  portions  in  adja- 
cent  engaged  relation  during  healing. 

SUMMARY  OF  THE  INVENTION 
20 

A  strap  assembly  for  surgical  repair  of  split 
portions  of  tissue  to  retain  the  tissue  portions  in 
adjacent  contacting  relation  during  healing  com- 
prises  a  strap  member  and  buckle  means  respon- 

25  sive  to  tensional  forces  exerted  on  the  strap  mem- 
ber  for  securing  the  strap  member  in  a  looped 
tensioned  condition  about  the  split  tissue  portions. 
The  preferred  buckle  means  comprises  frame 
means  which  defines  at  least  one  longitudinal  pas- 

30  sageway  for  reception  of  the  strap  member  and 
clamp  means  rotatably  mounted  within  the  frame 
means  from  a  non-strap  securing  position  to  a 
strap  securing  position  in  response  to  the  tensional 
forces  exerted  on  the  strap  member  during  ten- 

35  sioning  thereof  about  the  tissue  portions. 
The  clamp  means  defines  at  least  one  wedging 

surface  which  securely  wedges  the  strap  member 
against  a  bearing  surface  of  the  frame  means  when 
the  clamp  means  is  in  the  strap  securing  position. 

40  The  wedging  surface  of  the  clamp  means  com- 
prises  strap  engaging  means  for  facilitating  en- 
gagement  of  the  strap  member.  The  strap  engag- 
ing  means  is  preferably  angularly  oriented  in  a 
manner  to  permit  advancement  of  the  strap  mem- 

45  ber  through  the  passageway  in  a  strap  tightening 
direction  while  engaging  the  strap  member  when 
the  strap  member  moves  through  the  passageway 
in  a  strap  loosening  direction.  Accordingly,  engage- 
ment  of  the  strap  member  with  the  clamp  means 

50  during  movement  of  the  strap  member  in  the  strap 
loosening  direction  effects  rotational  movement  of 
the  clamp  means  to  the  strap  securing  position  to 
securely  wedge  the  strap  member  within  the  buck- 
le  means. 

55  The  strap  engaging  means  preferably  com- 
prises  engaging  teeth  formed  on  the  wedging  sur- 
face.  Alternatively,  the  strap  engaging  means  com- 
prises  piercing  pins  which  may  be  mounted  to  the 
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wedging  surface  by  conventional  means. 
In  a  preferred  embodiment,  the  strap  assembly 

comprises  a  flexible  strap  member  having  first  and 
second  end  portions  and  a  buckle  member.  The 
buckle  includes  a  frame  member  having  a  first 
longitudinal  passageway  for  accommodating  the 
first  strap  end  portion  and  a  second  longitudinal 
passageway  for  accommodating  the  second  strap 
end  portion,  and  a  clamp  member.  The  clamp 
member  is  rotatably  mounted  within  the  frame 
member  from  a  non-strap  securing  position  to  a 
strap  securing  position.  In  the  non-strap  securing 
position,  the  clamp  member  permits  advancement 
of  the  first  and  second  strap  end  portions  in  a 
tightening  direction  to  tension  the  strap  member 
about  the  tissue  portions.  In  the  tensioned  condition 
the  strap  member  generates  clamping  forces  op- 
posing  the  tensional  forces  exerted  on  the  strap 
member  during  tensioning  thereof.  Accordingly,  re- 
lease  of  the  strap  end  portions  causes  movement 
thereof  in  a  loosening  direction  and  engagement 
with  the  clamp  member  to  effect  rotational  move- 
ment  of  the  clamp  member  to  the  strap  securing 
position. 

The  present  invention  is  also  directed  to  a 
method  for  repairing  split  portions  of  tissue.  The 
method  comprises  the  steps  of  providing  a  strap 
assembly  including  a  strap  member  and  buckle 
means,  the  buckle  means  including  frame  means 
defining  at  least  one  longitudinal  passageway  for 
reception  of  the  strap  member  and  clamp  means 
rotatably  mounted  within  the  frame  means  from  a 
non-strap  securing  position  to  a  strap  securing  po- 
sition  in  response  to  tensional  forces  exerted  on 
the  strap  member  during  tensioning  thereof,  loop- 
ing  the  strap  member  around  the  tissue  portions, 
inserting  the  strap  member  through  the  one  pas- 
sageway  in  the  buckle  means,  tightening  the  loop- 
ed  strap  member  about  the  tissue  portions  in  a 
manner  to  attach  the  tissue  portions  in  an  adjacent 
engaged  relation  and 

securing  the  strap  member  to  the  buckle 
means. 

The  present  invention  is  also  directed  to  a 
method  for  repairing  split  sternum  portions.  In  ac- 
cordance  with  this  preferred  method,  the  strap 
member  is  looped  about  the  sternum  portions  in  a 
criss-cross  manner  through  several  parasternal  lo- 
cations.  Thereafter,  the  strap  member  is  secured  at 
a  predetermined  location  along  the  sternum,  prefer- 
ably  with  a  buckle  constructed  according  to  the 
present  invention. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Preferred  embodiments  of  the  invention  will  be 
described  hereinbelow  with  reference  to  the  draw- 
ings  wherein: 

FIG.  1  is  a  perspective  view  of  the  strap  assem- 
bly  constructed  according  to  the  present  inven- 
tion  illustrating  the  buckle  member  with  attached 
strap; 

5  FIG.  2  is  a  perspective  view  with  parts  separated 
of  the  buckle  member  of  FIG.  1; 
FIG.  3  is  a  side  elevation  view  of  the  buckle 
member  of  FIG.  1  ; 
FIG.  4  is  a  side  view  in  cross-section  of  the 

io  buckle  member  of  FIG.  1  illustrating  the  non- 
secured  position  of  the  buckle  member; 
FIG.  5  is  a  side  view  in  cross-section  of  the 
buckle  member  of  FIG.  1  illustrating  the  secured 
position  of  the  buckle  member  with  the  clamp 

is  member  securely  engaging  the  strap  received 
within  the  buckle; 
FIG.  6  is  a  perspective  view  of  the  strap  assem- 
bly  of  FIG.  1  in  a  closed  looped  configuration 
about  the  sternum; 

20  FIGS.  7-8  are  perspective  views  illustrating  an 
alternative  method  of  securing  split  portions  of  a 
sternum  with  the  strap  assembly  of  FIG.  1,  in 
which  the  strap  is  looped  in  a  criss-cross  man- 
ner  about  the  sternum; 

25  FIG.  9  is  a  side-view  in  cross-section  of  an 
alternative  embodiment  of  the  buckle  member  of 
the  present  invention; 
FIG.  10  is  a  side  view  in  cross-section  of  the 
buckle  member  of  FIG.  9,  illustrating  the  se- 

30  cured  position  of  the  buckle  member  with  the 
clamp  member  securely  engaging  the  strap  re- 
ceived  within  the  buckle;  and 
FIG.  11  is  a  side  view  in  cross-section  of  an- 
other  alternative  embodiment  of  the  buckle 

35  member  of  the  present  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

40  Referring  initially  to  FIG.  1,  there  is  illustrated 
an  enlarged  perspective  view  of  the  strap  assembly 
10  constructed  according  to  the  present  invention. 
Strap  assembly  10  has  particular  application  in 
securing  split  portions  of  a  sternum  together  after  a 

45  sternotomy.  However,  one  skilled  in  the  art  will 
readily  appreciate  other  applications  for  strap  as- 
sembly  10. 

Strap  assembly  10  includes  elongated  strap  12 
and  buckle  member  14.  Strap  12  is  preferably 

50  readily  pliable  and  may  be  formed  of  any  material 
suitable  for  use  in  stabilizing  fractured  bones  or 
securing  tissue  portions  together  generally.  Typi- 
cally,  strap  12  may  be  fabricated  from  a  wide 
variety  of  monofilament  and  braided  materials  both 

55  absorbable  and  non-absorbable.  Bioabsorbable  ma- 
terials  suitable  for  this  use  include  polymers  and 
copolymers  of  lactide,  glycolide,  dioxanone, 
caprolactone,  trimethylene  carbonate  and  blends 
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thereof,  along  with  various  combinations  of  these 
materials.  Examples  of  suitable  non-absorbable 
materials  include  those  fabricated  from  synthetic 
fibers  such  as  polyesters,  polyethylene,  poly- 
tetrafluoroethylene,  polyamides,  polycarbonate, 
polyvinyl  chlorides,  polypropylenes  and  polysul- 
fones. 

EP-A  0  561  108,  the  contents  of  which  are 
incorporated  herein  by  reference,  discloses  a  strap 
or  sternum  closure  ribbon  which  may  be  readily 
adapted  for  use  with  the  strap  assembly  10  of  the 
present  invention.  The  strap  disclosed  in  this  ap- 
plication  is  a  braided  product  having  a  plurality  of 
elongated  filamentary  reinforcing  members  of  ultra 
high  molecular  weight  high  tenacity  polyethylene 
fibers.  These  fibers  may  be  plasma  treated  to 
reduce  slip  characteristics  of  the  yarn  and  exhibit  a 
strength  from  about  375  kpsi  (thousands  of  pounds 
per  square  inch)  to  about  560  kpsi  and  a  tensile 
module  from  about  15  msi  (millions  of  pounds  per 
square  inch)  to  about  30  msi. 

U.S.  Patent  No.  5,019,093  to  Kaplan  et  al. 
which  issued  on  May  28,  1991,  the  contents  of 
which  are  also  incorporated  herein  by  reference, 
discloses  a  suture  product  which  may  also  be 
adapted  for  use  with  the  strap  assembly  10  of  the 
present  invention.  The  suture  product  disclosed  in 
this  application  is  of  braided  construction  and  is 
preferably  fabricated  from  a  bioabsorbable  polymer 
such  as  a  glycolide  or  a  lactide.  This  product 
exhibits  perceptibly  enhanced  flexibility  and  hand 
as  well  as  reduced  chatter  and  drag  compared  with 
braided  sutures  of  known  construction. 

Referring  now  to  FIGS.  2-5,  buckle  14  is  illus- 
trated  in  detail  so  as  to  illustrate  the  novel  securing 
mechanism  of  the  present  invention.  Buckle  14 
includes  frame  16  and  clamp  18  rotatably  mounted 
within  the  frame  about  transverse  axial  pin  20. 
Frame  16  includes  transverse  sides  22,  each  side 
possessing  upper  and  lower  openings  24,26  re- 
spectively.  Openings  24,26  are  configured  and 
dimensioned  for  reception  of  the  end  portions  of 
strap  12.  Openings  24  define  a  passageway 
through  which  a  first  end  portion  of  strap  12  may 
pass  within  frame  16  between  an  upper  interior 
surface  28  (FIG.  4)  of  the  frame  and  clamp  18. 
Similarly,  openings  26  define  a  lower  passageway 
in  which  a  second  end  portion  of  strap  12  is 
passed  through  a  lower  interior  surface  30  of  frame 
16  and  clamp  18. 

Clamp  18  is  adapted  for  slight  rotation  about 
axial  pin  20  from  an  open  position  (FIG.  4)  to 
permit  both  ends  of  strap  12  to  pass  through  frame 
16  to  a  closed  position  wherein  the  clamp  secures 
both  strap  end  portions  against  their  respective 
upper  and  lower  interior  surfaces  of  the  frame  16 
(FIG.  5).  Clamp  18  includes  upper  and  lower  wedg- 
ing  surfaces  32,34  respectively,  which  engage  the 

strap  end  portions  when  the  clamp  member  is  in 
the  secured  position  of  FIG.  5.  Wedging  surfaces 
32,34  are  particularly  configured  such  that  a  sub- 
stantial  portion  of  each  surface  engages  the  strap 

5  end  portions  when  clamp  18  is  in  the  strap  secur- 
ing  position. 

Wedging  surfaces  32,34  preferably  each  in- 
clude  engaging  teeth  40  to  facilitate  frictional  en- 
gagement  of  the  strap  end  portions.  Engaging  teeth 

io  40  are  preferably  angularly  oriented  as  shown  so 
as  to  permit  the  strap  end  portions  to  pass  in  one 
direction,  i.e.,  a  strap  tensioning  direction  (indicated 
by  the  arrows  in  FIG.  4),  while  engaging  and  pre- 
venting  the  strap  end  portions  from  passing  in  a 

is  strap  loosening  direction  during  tensioning  of  the 
strap  about  the  tissue  portions. 

Clamp  18  rotates  to  its  strap  engaging  position 
in  response  to  the  tensional  forces  exerted  on  strap 
12  during  tightening  thereof  about  the  tissue  por- 

20  tions.  In  particular,  as  strap  12  is  tightened  about 
the  tissue  portions  the  strap  generates  internal 
reacting  forces  or  clamping  forces  which  oppose 
the  tensional  forces  exerted  on  the  strap.  These 
reacting  forces  effect  movement  of  strap  12  to- 

25  wards  its  unstressed  condition,  i.e.,  causing  the 
free  ends  of  the  strap  to  move  in  a  loosening 
direction,  (as  indicated  by  the  arrows  in  FIG.  5) 
when  the  strap  end  portions  are  released.  During 
this  movement,  angularly  oriented  strap  engaging 

30  teeth  40  of  wedging  surfaces  32,34  engage  and 
penetrate  the  strap  ends.  Further  sliding  movement 
of  strap  ends  in  the  loosening  direction  causes 
clamp  18  to  rotate  slightly  in  the  direction  indicated 
by  the  arrow  in  FIG.  5,  due  to  the  engagement  of 

35  teeth  40  with  the  strap  ends,  to  its  secured  posi- 
tion.  In  this  position,  wedging  surfaces  32,34  of  the 
clamp  member  securely  wedge  the  respective 
strap  end  portions  against  upper  and  lower  interior 
surfaces  28,30  of  frame  16.  Thus,  it  is  to  be  appre- 

40  ciated  that  the  tensional  forces  exerted  on  strap  1  2 
during  tightening  thereof  about  the  sternum  effect 
securement  of  buckle  14.  Generally,  the  amount  of 
tensional  forces  needed  to  generate  a  clamping 
force  sufficient  to  maintain  clamp  18  in  the  secured 

45  position  is  minimal. 
The  components  of  buckle  14  may  be  fab- 

ricated  from  a  bio-compatible  metal  such  as  stain- 
less  steel  or  titanium.  Buckle  14  may  also  comprise 
synthetic  absorbable  materials  including  polymers 

50  or  copolymers  of  glycolide,  lactide,  trimethylene 
carbonate,  lactone,  dioxanone,  caprolactone  or 
blends  thereof  or  nonabsorbable  materials  includ- 
ing  polycarbonate,  polyesters,  polyethylene, 
polyamides,  polyvinyl  chlorides,  polypropylenes, 

55  polytetrafluoroethylene,  polysulfones,  acrylics  and 
polypropylene.  It  is  also  within  the  scope  of  the 
present  invention  for  buckle  14  to  be  fabricated 
from  a  combination  of  such  absorbable  and  non- 

4 
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absorbable  materials. 
As  shown  in  FIG.  7,  strap  12  may  have  a 

surgical  needle  41  attached  at  one  or  both  ends 
thereof  to  assist  in  penetrating  the  targeted  para- 
sternal  location  and  passing  the  strap  under  the 
sternum  and  then  outwardly  at  an  opposite  para- 
sternal  location.  A  curved  needle  is  appropriate  for 
sternum  closure  and  may  be  securely  attached  to 
strap  12  by  conventional  methods.  The  end  por- 
tions  of  strap  12,  which  are  to  be  attached  to 
needle  41  ,  may  be  tapered  to  facilitate  the  needle- 
attachment  process. 

Further  understanding  of  the  strap  assembly  10 
of  the  present  invention  will  be  realized  from  the 
description  provided  of  the  use  of  same  in  securing 
split  portions  of  a  sternum  together  after  a  ster- 
notomy. 

FIG.  6  illustrates  two  strap  assemblies  posi- 
tioned  about  split  sternum  portions  50.  A  first  strap 
assembly  10  is  shown  positioned  about  an  upper 
section  of  the  sternum,  with  buckle  14  in  the  non- 
secured  position.  A  second  strap  assembly  10  is 
shown  positioned  about  a  lower  section  of  the 
sternum,  with  the  buckle  14  in  the  secured  position. 

The  application  of  strap  assembly  10  around 
sternum  portions  50  to  effect  sternum  closure  is 
accomplished  by  grasping  a  first  end  of  strap  12, 
preferably  having  a  needle  attached  thereto,  and 
inserting  the  needle  with  attached  strap  through 
intercostal  tissue  between  adjacent  ribs  at  a  first 
side  of  the  sternum  and  then  maneuvering  the 
needle  under  both  sternum  portions  50  to  an  op- 
posite  parasternal  location  where  it  is  exposed  from 
the  intercostal  tissue  between  the  ribs  at  a  second 
side  of  the  sternum.  The  needle  with  attached  strap 
12  is  pulled  from  the  sternum  location  until  a  suffi- 
cient  working  length  of  the  strap  is  provided.  The 
needle  may  then  be  removed.  As  best  shown  in 
FIG.  4,  the  first  strap  end  portion  is  inserted 
through  upper  opening  24  in  one  of  transverse 
sides  22  and  passed  through  frame  16  between 
upper  interior  surface  28  and  wedging  surface  32 
of  clamp  18.  The  particular  dimensioning  of  wedg- 
ing  surface  32  and  the  angular  orientation  of  en- 
gaging  teeth  40  permit  strap  12  to  pass  through 
with  slight  impedance.  Thereafter,  the  second  strap 
end  portion  is  inserted  through  lower  opening  26  in 
transverse  side  22  and  passed  through  frame  16 
between  lower  interior  surface  30  and  lower  wedg- 
ing  surface  34  of  clamp  18  in  a  similar  manner. 
Once  both  strap  end  portions  are  passed  through 
frame  16,  the  surgeon  grasps  both  strap  ends  and 
pulls  in  an  outward,  i.e.  a  tensioning  direction  as 
indicated  by  the  arrows  in  FIG.  4,  to  remove  most 
of  the  slack  formed  in  the  loop. 

At  this  point  in  the  procedure,  strap  12  is  not 
securely  tightened  around  sternum  portions  50. 
One  or  more  strap  assemblies  may  be  placed 

around  selected  parasternal  locations  of  the  ster- 
num  in  the  same  manner.  When  several  strap 
assemblies  are  in  place  around  the  sternum,  each 
strap  12  is  tightened  by  pulling  on  both  strap  ends 

5  in  a  tensioning  direction.  Once  strap  12  is  tightened 
about  sternum  portions  50  to  a  predetermined  de- 
sired  tension,  the  strap  end  portions  are  released 
thereby  causing  engagement  with  engaging  teeth 
40  of  wedging  surfaces  32,34  and  rotation  of  clamp 

io  18  to  the  strap  securing  position  of  FIG.  5.  In  the 
secured  position,  wedging  surfaces  32,34  wedge 
the  strap  against  upper  and  lower  interior  surfaces 
28,30  of  frame  16.  The  remaining  strap  assemblies 
are  secured  around  the  sternum  in  the  same  man- 

15  ner.  Once  the  strap  assemblies  are  secured  in 
place,  the  excess  working  lengths  of  the  strap  ends 
may  be  removed. 

Referring  now  to  FIGS.  7-8,  an  alternative  pre- 
ferred  method  for  repairing  split  portions  of  the 

20  sternum  with  the  strap  assembly  10  of  the  present 
invention  is  illustrated.  In  accordance  with  this  pre- 
ferred  method,  strap  12  is  looped  about  sternum 
portions  50  in  a  criss-cross  manner  through  several 
parasternal  locations,  and  then  fastened  at  one 

25  point  to  a  single  buckle  14. 
Initially,  strap  12  is  passed  through  intercostal 

tissue  between  a  first  pair  of  adjacent  rib  portions 
at  one  side  of  the  sternum,  looped  about  sternum 
portions  50  to  an  opposite  parasternal  location 

30  wherein  the  needle  is  exposed.  Thereafter,  the 
strap  end  portions  are  maneuvered  in  a  criss-cross 
manner  such  that  each  end  portion  may  be  passed 
through  the  intercostal  tissue  between  a  next  pair 
of  adjacent  ribs  52,54.  Needles  41  are  inserted 

35  within  the  intercostal  tissue  and  maneuvered  in  a 
criss-cross  manner  beneath  sternum  portions  50 
(shown  in  phantom)  so  that  the  strap  end  portions 
are  crossed  over  with  the  strap  end  portions  being 
proximate  a  next  pair  of  adjacent  ribs  54,56.  The 

40  needles  are  exposed  and  this  process  is  repeated 
until  a  desired  portion  of  the  sternum  is  secured.  In 
FIG.  7,  strap  12  is  crossed  over  in  this  manner  to 
secure  a  sternum  portion  encompassing  four  ribs. 

The  strap  securing  process  is  continued  by 
45  pulling  on  both  strap  ends  to  remove  the  slack 

throughout  the  looped  suture.  Thereafter,  needles 
41  are  removed  and  each  strap  end  is  inserted 
within  their  respective  slotted  openings  24,26  in 
frame  16.  Strap  12  is  then  tightened  to  a  predeter- 

50  mined  desired  tension  about  the  sternum  portions 
50.  The  strap  end  portions  are  released  whereby 
the  tensional  forces  exerted  on  the  strap  transform 
into  a  clamping  force  to  drive  clamp  18  to  its 
securing  position.  This  novel  criss-cross  manner  of 

55  looping  and  securing  strap  assembly  10  about  the 
sternum  effectively  retains  the  adjacent  sternum 
portions  in  contacting  relation  during  healing  while 
reducing  the  number  of  strap  assemblies  required 

5 
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to  effect  sternum  closure. 
Referring  now  to  FIGS.  9-10,  another  preferred 

embodiment  of  the  strap  assembly  of  the  present 
invention  is  illustrated.  In  accordance  with  this  em- 
bodiment,  buckle  60  includes  frame  62  and  clamp 
64.  Frame  62  includes  upper  and  lower  interior 
surfaces  66,68  respectively.  Surfaces  66,68  pos- 
sess  recesses  70,72,  respectively,  which  are  par- 
ticularly  dimensioned  to  receive  wedging  surfaces 
74,76  of  clamp  64  when  the  buckle  is  in  the  strap 
securing  position  of  FIG.  10.  Wedging  surfaces 
74,76  include  teeth  78  to  facilitate  engagement  of 
strap  12.  Teeth  78  are  preferably  angularly  oriented 
although  it  is  possible  for  teeth  78  to  be  generally 
straight  and  still  maintain  an  engaged  relation  with 
strap  12. 

In  the  secured  position  of  clamp  64,  the  strap 
end  portions  are  driven  into  the  respective  reces- 
ses  70,72  and  secured  therewithin  by  wedging 
surfaces  74,76  of  clamp  64.  Recesses  70,72  alter 
the  paths  in  which  the  strap  end  portions  are  re- 
ceived  within  frame  62,  and,  as  such,  impede  slid- 
ing  movement  of  the  strap  end  portions  within  the 
frame  thereby  facilitating  strap  securement.  Upper 
and  lower  surfaces  66,68  also  define  clamp  retain- 
ing  walls  80,82,  respectively,  extending  generally 
transversely  relative  to  the  strap  receiving  passage- 
ways.  Retaining  walls  80,82  are  dimensioned  to 
prevent  clamp  64  from  further  rotating  in  response 
to  tension  in  strap  12  once  the  clamp  has  assumed 
its  secured  position,  thus,  retaining  the  clamp  with- 
in  the  recesses  70,  72.  Retaining  walls  80,82  also 
assist  in  wedging  strap  12  within  the  buckle.  In  all 
other  respects  this  embodiment  is  similar  to  the 
strap  assembly  of  FIG.  1. 

FIG.  11  illustrates  another  alternative  embodi- 
ment  of  the  buckle  of  the  strap  assembly  of  the 
present  invention,  in  which  one  strap  end  portion 
12a  is  mounted  to  a  lower  portion  of  frame  84. 
Strap  end  12a  may  be  molded  within  frame  84  or 
mounted  thereto  by  conventional  means.  The  free 
end  12b  of  the  strap  is  received  within  a  passage- 
way  defined  by  openings  86  in  an  upper  portion  of 
frame  84.  Clamp  88  has  one  wedging  surface  90 
which  engages  strap  end  12b  when  the  clamp  is  in 
a  strap  securing  position.  Clamp  88  also  possesses 
engaging  pins  92  which  extend  from  wedging  sur- 
faces  90.  Pins  92  are  preferably  angularly  oriented 
in  a  similar  manner  as  the  strap  engaging  teeth  of 
the  embodiment  of  FIGS.  1-5.  Pins  92  are  adapted 
to  penetrate  the  strap  ends  to  effect  rotational 
movement  of  clamp  88  to  its  secured  position  and 
may  be  mounted  to  the  wedging  surfaces  by  con- 
ventional  means.  Clamp  88  is  adapted  to  slightly 
rotate  from  a  non-strap  securing  position  to  a  strap 
securing  position  in  a  similar  manner  as  the  clamp 
of  FIG.  1. 

The  claims  which  follow  identify  embodiments 
of  the  invention  additional  to  those  described  in 
detail  above. 

5  Claims 

1.  A  strap  assembly  for  surgical  repair  of  split 
portions  of  tissue  to  retain  the  tissue  portions 
in  adjacent  contacting  relation  during  healing, 

io  which  comprises: 
a  strap  member;  and 
buckle  means  responsive  to  tensional 

forces  exerted  on  said  strap  member  for  secur- 
ing  said  strap  member  in  a  looped  tensioned 

is  condition  about  the  split  tissue  portions. 

2.  The  strap  assembly  according  to  Claim  1 
wherein  said  buckle  means  comprises: 

frame  means  defining  at  least  one  longitu- 
20  dinal  passageway  for  reception  of  said  strap 

member;  and 
clamp  means  rotatably  mounted  within 

said  frame  means  from  a  non-strap  securing 
position  to  a  strap  securing  position  in  re- 

25  sponse  to  the  tensional  forces  exerted  on  said 
strap  member  during  tensioning  thereof  about 
the  tissue  portions. 

3.  The  strap  assembly  according  to  Claim  2 
30  wherein  said  clamp  means  defines  at  least  one 

wedging  surface,  said  one  wedging  surface 
securely  wedging  said  strap  member  against  a 
bearing  surface  of  said  frame  means  when 
said  clamp  means  is  in  said  strap  securing 

35  position. 

4.  The  strap  assembly  according  to  claim  3 
wherein  said  clamp  means  comprises  two  said 
wedging  surfaces,  a  first  of  said  wedging  sur- 

40  faces  securely  wedging  said  first  strap  end 
portion  against  an  upper  bearing  surface  of 
said  frame  means  when  said  clamp  means  is 
in  said  strap  securing  position,  a  second  of 
said  wedging  surfaces  securely  wedging  said 

45  second  strap  end  portion  against  a  lower  bear- 
ing  surface  of  said  frame  means  when  said 
clamp  means  is  in  said  strap  securing  position. 

5.  The  strap  assembly  according  to  claim  3  or  4 
50  further  comprising  strap  engaging  means  dis- 

posed  on  said  one  wedging  surface  of  said 
clamp  means  for  facilitating  engagement  of 
said  strap  member. 

55  6.  The  strap  assembly  according  to  claim  5 
wherein  said  strap  engaging  means  is  angu- 
larly  oriented  in  a  manner  to  permit  advance- 
ment  of  said  strap  member  through  said  one 

6 
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passageway  in  a  strap  tightening  direction 
while  engaging  said  strap  member  when  said 
strap  member  moves  through  said  one  pas- 
sageway  in  a  strap  loosening  direction  where- 
by  engagement  of  said  strap  member  by  said 
strap  engagement  means  during  movement  of 
said  strap  member  in  the  strap  loosening  di- 
rection  effects  rotational  movement  of  said 
clamp  member  to  said  strap  securing  position. 

7.  The  strap  assembly  according  to  claim  5  or  6 
wherein  said  strap  engaging  means  comprises 
engaging  teeth  formed  on  said  one  wedging 
surface. 

8.  The  strap  assembly  according  to  claims  5  or  6 
wherein  said  strap  engaging  means  comprises 
a  plurality  of  piercing  pin  members  mounted  to 
said  one  wedging  surface. 

9.  The  strap  assembly  according  to  one  of  claims 
2  to  8,  wherein  said  frame  means  comprises 
two  of  said  longitudinal  passageways,  a  first  of 
said  passageways  extending  through  an  upper 
portion  of  said  frame  means  to  accommodate 
a  first  end  portion  of  said  strap  member,  a 
second  of  said  passageways  extending 
through  a  lower  portion  of  said  frame  means  to 
accommodate  a  second  end  portion  of  said 
strap  member. 

10.  The  strap  assembly  according  to  any  one  of 
the  preceding  claims  wherein  a  first  end  por- 
tion  of  said  strap  member  is  mounted  to  said 
buckle  means. 

strap  securing  position. 

14.  A  strap  assembly  to  be  looped  about  split 
portions  of  tissue  to  retain  the  portions  in  adja- 

5  cent  engaged  relation  to  promote  healing 
thereof,  which  comprises: 

a  flexible  strap  member  having  first  and 
second  end  portions;  and 

a  buckle  member  including: 
io  a  frame  having  a  first  longitudinal  passage- 

way  for  accommodating  said  first  strap  end 
portion  and  a  second  longitudinal  passageway 
for  accommodating  said  second  strap  end  por- 
tion;  and 

is  a  clamp  member  rotatably  mounted  within 
said  frame  from  a  non-strap  securing  position 
to  a  strap  securing  position; 

whereby  said  clamp  member  when  in  said 
non-strap  securing  position  permits  advance- 

20  ment  of  said  first  and  second  strap  end  por- 
tions  in  a  tightening  direction  to  tension  said 
strap  member  about  the  tissue  portions  and 
whereby  said  strap  member  when  in  a  ten- 
sioned  condition  generates  clamping  forces 

25  opposing  the  tensional  forces  to  effect  move- 
ment  of  said  strap  end  portions  in  a  loosening 
direction  upon  release  thereof  and  engagement 
of  said  strap  end  portions  with  said  clamp 
member  to  effect  rotational  movement  of  said 

30  clamp  member  to  said  strap  securing  position. 

11.  The  strap  assembly  according  to  any  one  of 
the  preceding  claims  wherein  said  frame 
means  defines  a  recessed  portion  against 
which  the  strap  member  is  secured.  40 

12.  The  strap  assembly  according  to  claim  11  as 
dependent  on  claim  3  wherein  said  clamp 
means  is  correspondingly  configured  and 
dimensioned  such  that  said  one  wedging  sur-  45 
face  of  said  clamp  means  is  received  within 
said  recess  end  portion,  providing  said  bearing 
surface,  when  said  clamp  means  is  in  said 
strap  securing  position. 

50 
13.  The  strap  assembly  according  to  claim  12 

wherein  said  recessed  portion  of  said  bearing 
surface  defines  a  clamp  retaining  surface  ex- 
tending  generally  transversely  from  said  bear- 
ing  surface,  said  clamp  retaining  surface  55 
dimensioned  and  configured  to  engage  at  least 
a  portion  of  said  clamp  member  during  rotation 
thereof  to  retain  said  clamp  member  in  said 
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