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[ 5 7 ] ABSTRACT 

Method and apparatus for closing an incision in the 
body of a patient including forming a suture by pass 
ing a loop of wire through opposite sides of the incis 
ion and inserting the end portions of the wire into and 
through bores formed in a splice plate comprising a 
substantially rectangular member having a pair of par 
allel bores formed longitudinally therethrough. The 
end portions of the wire are then inserted into an in 
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SURGICAL INSTRUMENT 

BACKGROUND OF THE INVENTION 

This invention relates to a method and apparatus for 
use during surgical operations, and more particularly to 
a method and apparatus for closing incisions made in 
certain bones during surgery in the chest and other re 
gions. 

In the course of surgery in and around the chest cav 
ity area, and more particularly during heart surgery, an 
incision is commonly made in the sternum, or breast 
bone, in order to gain access to that portion of the body 
which is being operated upon. Of course, subsequent to 
the completion’ of the operation the incision must be 
closed. 

In one method used in the past to accomplish this clo 
sure, the sternum is punctured to form an opening 'on 
one side of the incision with a chisel-ended circular 
needle, a thin wire brought down and through this 
opening and then brought up through a similarly 
formed opening in the sternum on the other side of the 
incision. The portions of the wire extending outwardly 
from the sternum are then manually pulled together to 
achieve a tight closure of the incision. In this method 
the wires are pulled together using a hemostat or nee 
dle holder and when the incision is deemed by the phy 
sician to have been‘closed sufficiently the wire ends are 
spliced by twisting them together. The twisted end is 
cut leaving five to seven twists at the closure. 
Many difficulties have arisen in the use of the prior 

art method described hereinabove. The uncontrolled 
physical pulling on the wire by the physician‘, to obtain 
sufficient closure of the incision, has often resulted in 
one or more of the wires snapping. Too much tension 
applied to the wires may also cause the sternum to be 
cut involving serious injury to the patient. Further, the 
hemostat may slip from the wire with a consequent risk 
of damage to both the equipment and the patient. In 
addition, at the inception of the wire splicing operation, 
the twisting of the wire changes the loading on the su 
ture from a linear (tension) loading to a shear loading. 
This reduces the holding power of the wire. Also, the 
resulting six or seven twists which remain in the body 
may either irritate the .periosteum of the sternum or 
pierce the skin, only a small layer of'which is present 
over the sternum in this area, in many cases. The 
twisted portions of the wire may also provide an infec 
tion path should the loose end pass through the skin. 

SUMMARY OF THE INVENTION 

Accordingly, an object of this invention is to provide 
a new and improved apparatus for assisting in the clo 
sure of incisions made in bones during surgery. 
Another object is the provision of a new and im 

proved incision closing instrument which controls the 
amount of tension placed on the wires during the clos 
ing of the incision. ' 

Still another object is to provide a new and improved 
incision closing instrument which will safely grasp the 
wire used for closing the incision. ' 
A further object is to provide a new and improved 

wound closing instrument which maintains the suture 
in tension at all times. 
A still further object of this invention'is the provision 

of a wound closing instrument which assures the ab 
sence of any surplus wire which might irritate the ana 
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2 
tomical region about the chest cavity or pierce the sur 
rounding skin and to provide a closure which is more 
acceptable from a cosmetic point of view. 

In accordance with a preferred embodiment of this 
invention, these and other objects are achieved by pro 
viding an instrument removably connectable to wire 
end portions which have been passed through openings 
formed in the sides of the bone adjacent the incision 
and drawing these ends in a controlled manner to apply 
tension to the wire. Prior to fastening the wire end por 
tions to the instrument, the wire end portions are 
passed in opposite directions through a splice plate 
which, although con?ning those portions of the wire 
contained therein, permits movement of the wire ends 
through the plate. After the wire has been tensioned to 
a suf?cient amount to close the incision, a tool having 
appropriately formed jaws crimps the splice plate to 
hold and fasten the wires contained therein. The wire 
end portions extending beyond the splice plate are then 
cut off flush with the splice plate edges. In an alterna 
tive embodiment the wire is passed through the splice 
plate prior to the operation. 

DESCRIPTION OF THE DRAWINGS 

A more complete description of the invention and 
many of the attendant advantages thereof will be read 
ily appreciated as the same becomes better understood 
by reference to the following detailed description when 
considered in connection with the accompanying draw 
ings in which: 
FIG. 1 is a plan view of an instrument according to 

the present invention; 
FIG. 2 is a side view of the instrument shown in FIG. 

1; 
FIG. 3 is an end view of the splice plate greatly exag 

gerated in size according to the present invention; 
FIG. 4 is a view of the splice plate of FIG; 3 in section 

taken along line 4—4; 
FIGS. 5a and 5b are a perspective view and a side 

view respectively showing the relative position of the 
incision and wire suture according to the present inven 
tion; 
FIGS. 6a and 6b are a front elevational view and a 

plan view respectively of a crimping tool according to 
the present invention; and 
FIG. 7 is a plan view of an alternate arrangement of 

the splice plate and suture according to the present in 
vention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings wherein like reference 
characters designate identical or corresponding parts 
throughout the several views, and more particularly to 
FIGS. 1 and 2 thereof, a wound or incision closing in 
strument 10 is shown as including a substantially L 
shaped member 12 coupled in a manner described 
below to an angularly shaped member 14 so that the 
two can move relative to each other. L-shaped member 
12 is formed with a ?rst leg 16 integral with and at right 
angles to a second longer leg 18. Leg 16 has a recessed 
surface 20 formed in its free end which extends a lim 
ited distance and terminates in a knurled vertical wall 
22. A knurled wheel 24 is mounted off center about a 
pivot 26 so that the wheel 24 acts as a cam upon rota 
tion by grasping and turning a spoke 24a and de?nes a 
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passage 25 in cooperation with wheel 24 which is clos 
able upon rotation of the wheel. 
The second, longer leg 18 of member 12 has a 

straight gear or rack 28 fastened by conventional fas 
teners 29 within an insert 31 formed therein which ex 
tends along a substantial portion of the leg. It should be 
understood that the rack 28 may also be formed inte 
grally with member 12. 
The angular shaped member 14 includes a body por 

tion 30 and a leg 32 formed in a generally L-shaped re 
lationship. The body portion 30 is formed with a chan 
nel 34 having a rectangular cross section through which 
the rack 28 can pass. A pinion gear 36 (shown in phan 
tom in FIG. 1) is pivotally mounted to body portion 30 
suf?ciently close to channel 34 such that a portion 
thereof extends therewithin and the teeth of pinion 36 
mesh with the teeth of the rack 28. A spoked wheel 44 
is connected to gear 36 to provide a means for turning 
the gear. The spokes are used to permit rotation of gear 
36 by one or two ?ngers of the hand. This makes it eas 
ier to use the instrument during surgery. As should be 
apparent, rotation of the pinion gear 36 by turning the 
spoke wheel 44 will move member 14 relative to mem 
ber 12. 
A rotatable detent wheel 46 is threadedly mounted in 

body portion 30 of member 14 adjacent channel 34. 
The detent wheel 46 includes a lock washer (not 
shown) positioned directly beneath the wheel and ex 
tending over a portion of leg 18 of L-shaped member 
12. Rotation of wheel 46 downwardly into body por 
tion 30 will cause the lock washer to bear against the 
upper surface of leg 18 thereby ?xing the position of 
L-shaped member 12 with respect to angular shaped 
member 14. 
Leg 32 of member 14 has a recessed surface 38 

formed in the free end portion thereof and, in a manner 
like recessed surface 20 in leg 16, is terminated by a 
vertical knurled wall 40. A knurled wheel 42 is 
mounted off center about a pivot 41, in a manner simi 
lar to wheel 24, so that the wheel can act as a cam, 
upon rotation by grasping and rotating attached spoke 
42a. A second closable passage 43 is de?ned between 
the wheel 42 and the wall 40. 
Referring more particularly to FIG. 1 and FIG. 2, 

upon assembly of the instrument 10, it is seen that the 
passages 25 and 43 are substantially colinear. Further, 
the lower faces 48 and 50 of the L-shaped member 12 
and the angular shaped member 14 respectively do not 
have any protrusions extending therefrom and are sub 
stantially ?at. This enables the physician to lay the in 
strument on the chest cavity of the patient during an 
operation withoutdanger of causing injury by punctur 
ing or lacerating the body tissue in contact with the in 
strument. It is to be understood that the two passages 
may be formed in a manner other than as speci?cally 
shown. For example, threaded bores may be formed in 
the ends of legs 16 and 32 or the closable passages may 
be formed on a surface laterally extending from each 
leg. 
FIGS. 3 and 4 show one embodiment of a splice plate 

52 for use with the present invention, greatly exagger 
ated in size. Splice plate 52 is a three dimensional body 
having a rectangular shape and is formed of a suitable 
biologically acceptable material, such for example, as 
stainless steel. A pair of bores 56 and 58 are parallely 
formed adjacent to each other through the long dimen 
sion of plate 52. Typical dimensions of splice plate 52 
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4 
include about 5 millimeters in the long dimension, 
about 4 millimeters in width and about 2.5 millimeters 
in thickness (FIG. 3). The diameter of bores 56 and 58 
are such that the suture wires used to close the incision 
or wound can slide through the bores and is typically 
about 0.94 millimeters. It is to be understood that al 
though the splice plate is shown as substantially rectan 
gular, other shapes may be utilized having dimensions 
of the same order as those described above. 
The operation of the instrument can be ascertained 

by referring to FIG. 5. The sternum 60 of a patient is 
shown having an incision 62 formed therein with the 
periosteum 61 overlying the sternum. As shown in FIG. 
5b, a stainless steel wire suture 64 is passed through 
holes formed on either side of the incision in the ster 
num, the holes having been previously opened by any 
suitable instrument. The end portions 64a, 64b of the 
sture 64 are then directed through bores 56 and 58 in 
splice plate 52 in opposite directions by the doctor 
closing the incision. 
The doctor next takes the instrument and places the 

end portions 64a, 64b of suture 64 within passage 25 
and the other within passage 43 in the respective legs 
16 and 32 of the instrument 10. The instrument can be 
laid flat on the patient’s chest at this time. The wheels 
24 and 42 are then rotated by spokes 24a and 42a. The 
camming action of the wheels 24 and 42 grab the re 
spective wire end portions 64a, 64!) between walls 22 
and 40 and the respective knurled wheels 24 and 42. 
The use of the camming action and the spokes on 
wheels 24 and 42 in combination with the open pas 
sages 25 and 43 is advantageous since it is relatively 
easy to lay the end of the suture in the passages be 
tween the wheel and its corresponding knurled wall 
rather than to thread the suture through a hole, an 
operation which would become even more dif?cult 
when working with a bloody suture wire. Further, the 
cam arrangement universalizes the instrument for all 
diameters of suture wire. Also the use of the spokes on 
the wheels 24, 42 permits easy turning of the latter to 
provide an arrangement for quickly fastening the ends 
of the suture to the instrument. 
With the detent wheel 46 in a loose position, spoked 

wheel 44 is rotated by the doctor in the appropriate di 
rection to cause angular shaped member 14 to move 
away from leg 16. This action causes the loop of wire 
64 to tighten. This tightening action is continued 
thereby drawing together the sides of the sternum adja 
cent the incision. During or just prior to the inception 
of the incision closing procedure, the splice plate 52 
may be grasped between the jaws 68 of a crimping tool 
66 and held therebetween as the sides of the sternum 
are drawn together. The crimping tool 66 may be a 
conventional compound pliars tool having identical op 
posed jaws 68. Each jaw 68 may be formed having a 
substantially horizontally disposed inwardly projecting 
surface 69 integrally formed with a bevelled, substan 
tially vertical projection 70 recessed from the inner 
edge thereof. The surfaces 69 form a platform for the 
splice plate 52 as it is grasped during the wound closing 
procedure. The maximum separation of the jaws 68 is 
preferably ?xed so that the space 71 between the pro 
jecting surfaces is smaller than the width dimension of 
the splice plate thereby assuring that the splice plate 
will not pass therebetween into the non-functional por 
tion of the jaws but rather will be positioned between 
the bevelled projections 70. As the sternum is drawn 
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together, the handles 72 of crimping tool 66 are 
squeezed gently so. that the projections 70, although 
bearing against the sides of the splice plate, will not de 
form it. After the sternum is closed, the handles 72 are 
squeezed together tightly thereby causing the bevelled 
projections to move into and deform the splice plate. 
The inwardly projecting surfaces 71 serve as a move 
ment limiting device by mutually abutting upon suffi 
cient inward movement. Thus, the amount of deforma 
tion is limited by the distance that surfaces 69 extend 
inwardly. The maximum “pinching” 74 (FIG. 5a) on 
each side of the splice plate is preferably about 0.5 mil_ 
limeters. Finally, the excess of the wire suture ends 64a, 
64b extending through splice plate 52 is sheared off 
?ush with the edge surface of the plate. Thus, no rough 
edges are left which might injure the patient. This pro 
cess is repeated between four to six times along the in 
cision until the wound is completely closed. 
A particularly efficient arrangement of the instru 

ment and associated apparatus includes the splice plate 
52 having the length of suture wire 64 previously 
passed through one of the bores as shown in FIG. 7. A 
surgical needle 80 is provided on one end of the wire 
and the other end of the wire is folded back on itself for 
about one-eighth inch, thereby maintaining the splice 
plate along the length of wire. The surgery proceeds 
much the same as described above. However, several 
advantages are attained using the alternate configura 
tion of pre-wired splice plate. Openings on either side 
of the incision need not be previously formed since the 
surgical needle may be used to do so as the suture is 
formed. Since the plate has become an intergral part of 
the easily manipulated suture wire, the difficulty in 
handling the small splice plate is greatly reduced. One 
of the in-surgery splice plate “hole-finding” operations 
is eliminated for the surgeon since the splice plate is 
strung onto the suture wire prior to the operation. Fur 
ther, there is no longer any need to spend time identify 
ing the plate hole size (and therefore wire size) since 
the plate is now predisposed on the matching suture 
wire size, 
An alternative arrangement of the apparatus includes 

providing individual splice plates apart from the suture 
wires and performing the threading procedure during 
the operation. To provide a measure of caution against 
inadvertently dropping splice plate 52 into the chest 
cavity, a thin thread or wire 76 (FIG. 4), for example 
of silk or other inert material, is attached to the splice 
plate at a bore 60, formed at one end of plate 52 trans 
verse to bores 56,58. Thus, if the splice plate were 
dropped during the operation, location of the plate and 
its retrieval are quick and easy. The attached thread 
may also be used to preliminarily “tag" the splice plate 
indicating the size wire which may be used in the su 
ture. 

In cases where splice plate 52 was made extremely 
small, the crimping operation was found to be difficult 
due to the fact that the splice plate tended to fall into 
a notch 78 (FIG. 5A) left in the periosteum after the 
incision. For this reason, a minimum length of about 4 
millimeters was found to be optimum for the long di 
mension of the splice plate. Of course, it is preferable 
for the splice plate to be as small as possible and a long 
dimension of not more than about 8 millimeters is de 
sirable. 
Thus, the surgical instrument described above pro 

vides for a controlled tensioning of the suture by a pre 
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6 
cise rotation by the physician of spoked wheel 44. The 
flat faces 48 and 50 permit resting the instrument on 
the body of the patient during the operation. The use 
of only one hand of the doctor is necessary to operate 
any of the cams or gears contained in the~ instrument 
thereby allowing the physician free use of the other 
hand. Further, the danger of exposed rough twisted 
wire splices irritating or infecting the surrounding body 
tissue is obviated by the use of the splice plate 52 with 
a subsequent removal of exposed wire end portions 
flush therewith. 
What is claimed is: 
l. A surgical splice plate for locking two end portions 

of surgical suture wire together comprising: 
a member formed of a deformable material which is 

biologically acceptable to the human body having 
at least one passage formed therethrough receiv 
able of said suture wire end portions, said member 
having a long dimension greater than 3 millimeters 
but does not exceed 9 millimeters, 

said splice plate adapted to be implanted within the 
human body during the closing of an incision sub 
sequent to a surgical operation. 

2. A splice plate according to claim 1 wherein said 
biologically acceptable material is'stainless steel. 

3. A splice plate according to claim 1 wherein two 
passages are formed in the splice plate, each passage 
receivable of an end portion of the suture wire. 

4. A splice plate according to claim 3 wherein said 
passages are generally parallel to each other. 

5. A splice plate according to claim 1 wherein an 
elongate ?exible member is attached to said splice 
plate at one end having means for identifying the splice 
plate attached to the other end. 

6. A suture splicing assembly comprising: 
a splice plate for locking two end portions of surgical 
suture wire together including a member formed of 
a deformable material which is biologically accept 
able to the human body having a pair of substan 
tially parallel passages formed therethrough receiv 
able of said suture wire end portions, said member 
having a long dimension which does not exceed 9 
millimeters, and I 

a length of suture wire passing through one of said 
passages, said wire having a surgical needle fas 
tened thereto at one end and the other end folded 
upon itself, thereby maintaining said wire within 
said one of said bores. 

7. An assembly as recited in claim 6 wherein said 
splice plate and said suture wire are formed of the same 
material. 

8. An assembly as recited in claim 7 wherein said ma 
terial is stainless steel. 

9. A method for closing an incision in the body of a 
patient comprising the steps of: 
forming a suture by passing a loop of a wire through 
openings formed in ‘tissue of the patient on oppo 
site sides of the incision; 

inserting at least one end portion of said wire through 
at least one bore formed in a splice plate of deform 
able material; 

tensioning the end portions of said wire in opposite 
directions in a controlled manner; 

crimping said splice plate to fix the ends of the wire 
therein; and 

cutting those portions of wire not within the formed 
loop flush with said splice plate. 

10. A method as recited in claim 9, wherein both end 
portions of said wire are inserted through said at least 
one bore in opposite directions. 
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