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57 ABSTRACT 
A prosthesis useful in the repair or replacement of 
damaged or diseased joints in the human body, in par 
ticular of those which require unrestricted orbiting mo 
tion such as the base of the thumb, carpal bones of the 
wrist, shoulder joints and the like. A molded body por 
tion replaces at least the articulating portion of the 
bone to be treated and one or more ligamentous ele 
ments. The body portion is suitably made of a biocom 
patible elastomer, especially one which is reinforced 
with a fibrous material such as a web or mesh of Da 
cron or Teflon. The ligamentous element can be a cord, 
flat tape or a tube such as a fabric tube of Dacron or 
Teflon, and in some embodiments is protected against 
tissue ingrowth over at least its intermediate length. In 
a carpal-metacarpal prosthesis for a thumb, for exam 
ple, the body portion also has a metacarpal stem por 
tion having a tissue-ingrowth-receiving surface, such as 
a complete or partial covering of Dacron velour, the 
core of such stem being suitably a biocompatible elas 
toner. 

19 Claims, 7 Drawing Figures 
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ARTICULATING PROSTHESIS WITH 
LGAMENTOUSATTACHMENT 

BACKGROUND OF THE INVENTION 

This invention concerns a prosthesis useful in the re 
pair of damaged or diseased joints of the body, espe 
cially of joints which require an unrestricted orbiting 
motion. There are such joints at the base of the thumb 
where the first metacarpal bone articulates with the 
carpal bones, and also at the carpal bones of the wrist, 
shoulder joint and the like. 

It is recognized that joint prostheses commonly used 
for repair of the metacarpal-phalangeal joints of the 
hand make use of integrally molded stems fitted into 
the intramedullary bone canals on either side of the 
joint as a means for maintaining alignment or resisting 
dislocation of the joint. However, special problems 
exist in certain joints of the body where the anatomy 
does not permit the use of integral stems fitted into op 
posing bones on either side of the joint. This is espe 
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cially true in the wrist where the blood supply to the 
carpal bones can be easily upset or damaged by drilling 
or other gross manipulation of the bones. In addition, 
the repair of some joints such as the carpal-metacarpal 
joint of the thumb, carpal bones of the wrist, shoulder, 
ankle, etc., require an unrestricted orbiting ball-and 
socket motion that does not allow use, in repair, of a 
reinforced stem and hinge prosthesis which has merely 
a preferential single plane of bending. 
Replacement of the carpal-metacarpal portion of the 

thumb joint with a prosthesis has previously been at 
tempted. However, the prosthesis of the prior art has 
relied upon reconstruction of the natural connective 
tissues to maintain position, although these tissues are 
often insufficient for the purpose, being subject to de 
generative conditions similar to those affecting the 
joint articular surfaces; hence dislocation has fre 
quently resulted. 

It is an object of the present invention to overcome 
the aforesaid disadvantages of prostheses known to the 
prior art. The invention does so by providing a prosthe 
sis constructed of biocompatible materials, particularly 
useful in a joint requiring the unrestricted orbiting mo 
tion. It is a further object to provide such a prosthesis 
having a flexible ligamentous attachment which can be 
arranged to secure the articulating end of the prosthesis 
into its natural position and wherein the prosthetic liga 
ment can be located to lie in a plane of neutral or 
nearly neutral motion. 

It is an advantage of this invention that orbiting mo 
tion is preserved in the joint. Another advantage is that 
the stability of the prosthesis is maximized. Further ad 
vantages are that motion is substantially unrestricted 
and that dislocation is prevented along the axis of the 
attached ligament or ligaments. Further advantages will 
become apparent from the description which follows. 

SUMMARY OF THE INVENTION 
This invention relates to a prosthetic joint, particu 

larly such as is useful in joints requiring unrestricted or 
biting motion, such as a carpal-metacarpal joint of the 
thumb, carpal bones of the wrist, shoulder joint, foot, 
and the like. In a particular manner, the invention re 
lates to a prosthesis of this typc comprising a shaped 
body portion and incorporating or including a synthetic 
ligament which is molded into or attached to the pros 
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2 
thesis, thereby maintaining alignment and resisting dis 
location of the joint. 
The prosthesis of this invention comprises (1) a 

shaped body portion adapted to replace a carpal or any 
other bone or an articular portion thereof and (2) a 
synthetic flexible ligamentous element affixed to said 
body portion and adapted to tie or affix by tissue inva 
sion to an adjacent tendon, ligament, or bone. 
The shaped body portion is molded of a biocompati 

ble elastomer, especially silicone rubber, which is com 
patible with body fluids and tissues, is resistant to at 
tack by such fluids and tissues, and has a long useful life 
with high resistance to breakdown by exposure in the 
environment of its use. The elastomeric portion may be 
suitable reinforced, and this is advantageously effected 
by molding into the device, at the time of making, a re 
inforcing web or mesh of a biocompatible material, 
such as a fibrous material, advantageously Dacron 
mesh or web. The articular portion of the prosthesis is 
shaped to conform generally to the shape of the portion 
or bearing surface of the bony portion which the pros 
thesis is to replace. 

In addition, in one embodiment there is molded or 
otherwise formed as an integral part of the whole de 
vice, a stem adapted to fit into the medullary space in 
the bone to be repaired, after resection of the articular 
head of such bone. The stem is molded also of biocom 
patible elastomer and is provided with a complete or at 
least a partial covering of a tissue-ingrowth-receiving, 
open pore fabric surface, advantageously Dacron mesh 
or velour, so that the stem receives an ingrowth of bony 
or other tissue in the intramedullary area and becomes 
firmly attached to the bone. The body portion of this 
embodiment, of which the stem portion is an integral 
part, is designed to replace not only the resected articu 
lar head portion of the bone into which the stem is im 
planted, but also the excised bone adjacent to this 
bone. The interior of the stem and body portions can 
be reinforced as described above. Such a prosthesis is 
useful, for instance, in repairing a thumb joint. Thus, 
with tissue ingrowth from the metacarpal bone into the 
stem and with the attachment of the ligamentous mem 
ber to carpal tissues, for instance, a continuity of 
strength is provided through the prosthesis, resisting 
dislocation of the thumb while providing unrestricted 
natural orbital motion of the thumb. 
The prosthesis also includes at least one ligamentous 

element integral therewith which can be tied or other 
wise attached to a body tissue, for example, to an asso 
ciated bone or other suitable tissue. The ligamentous 
element can be made of a polymeric material, advanta 
geously Dacron (polyethylene terephthalate) or Teflon 
(polymerized tetrafluoroethylene), adapted to invite 
tissue-ingrowth and having suitable strength and flex 
ural fatigue resistance. Woven fabric, mesh or velour, 
forms are advantageously used. 

Ingrowth of tissue is in many instances desirable at 
the end portion of the ligament, but often is undesirable 
over a predetermined intermediate portion of its 
length, depending upon the location of the device in 
the body. By "intermediate" is meant that portion of 
the length of the ligamentous element between the end 
portion to be attached to the bone or other tissue and 
the shaped body portion of the prosthesis. Such restric 
tion of ingrowth enables the desired flexing and mobil 
ity of the ligamentous element and orbital motion of 
the parts involved. Accordingly, the portion which is 
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not to attach to the tissue, i.e., which is to be main 
tained free of attachment in the body, is made of or is 
impregnated with a biocompatible elastomer, such as 
silicone rubber, to prevent tissue ingrowth. However, in 
some locations the ligamentous element can be attach 
able by reception of tissue ingrowth at any point for its 
complete length, or it can be totally resistant to tissue 
ingrowth and affixed by tying around a body structure 
or by suturing thereto. 
The ligamentous element can be in any desired form 

or shape, e.g., in the form of a cord, a tube (whether 
rounded or flat), or a tape, and advantageously is in the 
form of a pair of soft, contiguous or parallel, compliant 
or flexible fabric tubes of biocompatible material, such 
as Dacron or Teflon, which pair of tubes transfer ten 
sile loads to an intended anchor or fixation site. The 
tubes may be reinforced with one or more cords, pref 
erably made of Dacron, running through the interior of 
the tubes. 

In one advantageous embodiment, the ends of the 
tubes where they are to be attached to the body tissue 
are cut and fanned or spread out into a flat sheet or 
sheets to develop still greater area of contact and load 
distribution to further minimize mechanical loading of 
the tissues to which the ligamentous element attaches, 
thereby avoiding interference with vascular and nutri 
ent supply to the area. The flat type of attachment ele 
ment or area of the ligament achieves wider load distri 
bution and can be used in areas of the body where the 
simple tie cord or tube may not be tolerated due to high 
contact forces imposed that would tend to pinch off 
blood and nutrient supply. The attachment element is 
firmly affixed to the end of the ligamentous element, 
including being integral therewith. 

In employing the article of this invention, where an 
articular portion of a bone and an adjacent articulating 
bone are to be replaced by the prosthesis, for instance, 
a metacarpal-carpal joint, the head of the metacarpal 
bone is resected and a portion of the medullary canal 
is drilled out. The trapezium then is excised, and the 
stem of the prosthesis is inserted into the intramedul 
lary area of the metacarpus so exposed, and is sutured 
in place. The ligamentous element is extended over the 
tissue to which the prosthesis is to be anchored; for in 
stance, in the case of insertion of the stem into a meta 
carpal bone the end of the ligamentous element is at 
tached to carpal tissues. The attaching end of the liga 
ment is either sutured to the tissue to which it is to at 
tach, or the tissue may be incised and elevated to en 
able the two ends of the prosthetic ligament to be 
looped gently around a firm portion of tissue and the 
ligament ends secured by knotting them together. Tis 
sue-ingrowth begins while the structure is immobilized. 
Thus, upon completion of the ingrowth process, typi 
cally a period of two to six weeks, a continuity of 
strength is provided through the prosthesis, resisting 
dislocation of the body structure so tested while provid 
ing unrestricted natural orbital motion of the thumb. 
The prosthetic ligament can be attached to the tissue 
to which it is to be anchored in the body in any desired 
manner, or a combination of several ways of so attach 
ing the ligament can be employed. Some ways of at 
tachment are to tie or suture the ligament around an 
adjacent tendon or around an adjacent bone; to tie the 
ligament through a hole drilled in an adjacent bone; by 
tissue ingrowth to the periosteum at the bone surface 
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4 
or to adjacent soft tissue, or to natural ligamentous tis 
SU6. 

In another embodiment of this invention, there is 
provided a carpal lunate prosthesis which is molded of 
a biocompatible elastomer, suitably reinforced with a 
biocompatible fibrous material or fabric, such as de 
scribed above. This prosthesis is made in the shape of 
the bone to be replaced, and affixed thereto are at least 
two ligamentous elements such as described above, dis 
posed at each side of the article; corresponding to the 
dorsal and palmar sides; and advantageously there are 
two parallel ligament elements at each side. Upon em 
placement in a wrist, after excision of the carpal lunate 
bone, the ligamentous elements are suitably affixed to 
adjacent body structures, preferably to the natural dor 
sal and palmar ligament sites for the lunate, in a man 
ner similar to that described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention will be illustrated more in detail and as 

to some embodiments by the specific description 
herein and by the annexed drawings, wherein: 
FIG. 1 is a perspective view of a trapezium prosthesis 

embodying the principles of this invention. 
FIG. 2 is a cross-sectional view of the article of FIG. 

1, taken on line 2-2 therein. 
FIG.3 is a perspective view of a modified form of tra 

pezium prosthesis embodying the principles of this in 
vention, incorporating a single ligamentous element 
and that in the shape of a flat tube. 
FIG. 3A is a fragmentary enlarged view in perspec 

tive of the end portion of the flat tube of FIG. 3 par 
tially slit and fanned out in order to provide a superior 
attachment to an adjacent bone. 

FIG. 4 is a schematic palmar view of the skeletal 
structure of a human hand with an article according to 
this invention in place and having the ligaments at 
tached to a tendon. 
FIG. 5 is a perspective view of a carpal lunate pros 

thesis according to this invention. 
FIG. 6 is a cross-sectional view of the carpal lunate 

prosthesis of FIG. 5, taken on line 6-6 therein. 
DETALED DESCRIPTION OF THE 

EMBODIMENTS 
In FIGS. 1 and 2 is shown an embodiment of this in 

vention suitable as a thumb joint prosthesis 10. This 
prosthesis 10 comprises a shaped body portion 11 of 
silicone rubber 12 reinforced with at least one embed 
ded layer of Dacron mesh 13, which can be just below 
each surface of the body portion 11 or can be arranged 
as an embedded coil or as a plurality of layers in the 
portion 11. The body portion 11 also has a cylindrical 
outer wall 25. The body portion 11 has a centrally con 
cave or dished base surface 14 and a rounded shoulder 
15 therearound adapted to articulate with a carpal 
bone in a wrist upon emplacement, as will be described 
below with reference to FIG. 4. 
At the surface of the body portion 11 opposite the 

concave surface 14 is a stem 16, and a shoulder 19 on 
the body portion 11. The stem 16 is conical in shape, 
tapering to a tip 17 remote from the body portion 11, 
and it comprises a core 18, also of silicone rubber, rein 
forced with Dacron mesh and having a Dacron velour 
coating 20 thereover completely covering the core 18 
and secured thereto. This securement may be suitably 
by means of an adhesive such as silicone adhesive or 
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preferably bonded by direct impregnation of raw sili 
cone rubber in an unvulcanized state, compression 
molded into the underside of the Dacron velour fibers. 
Extending from the outer wall 25 close to the edge 15 

near the base of the body portion 11 are two soft knit 
ted tubes 22 and 22' of Dacron or Teflon, of a suffi 
cient length to enable ligamentous attachment of the 
prosthesis 10 to a suitable adjacent body structure. 
These two tubes 22 and 22' advantageously may be 
parts of a single strand of knitted tubing which may be 
applied at the time the prosthesis is made by tying it at 
its mid-portion 22 to a looped tape 21 comprising the 
reinforcing fabric within the stem portion 16. The two 
loose ends are held in a predetermined position at the 
time of molding the body and stem portions 11 and 16 
so that they project as the two tubes 22 and 22' from 
the desired site of the body portion 11. Each tube 22, 
22' may contain one or more central cords 28 to 
strengthen it and also to facilitate handling and place 
ment of these ligamentous elements. Each cord 28 is 
preferably made from Dacron fiber and is attached to 
the body portion 11, and it can be either attached or 
not attached to the tube 22 or 22', as desired; attach 
ment may be either by interweaving or by silicone rub 
ber bonding. The cord 28 may be omitted, if that be de 
sired. . 
As shown in FIG.3, it is possible to use only one such 

ligamentous element 122, in which case it is desirable 
to have a larger diameter tube 122 in order to assure 
a strong connection and to enhance the stability of the 
device 10 as emplaced. 

In order to secure attachment of a ligamentous ele 
ment 22 or 22' to a body structure, the two elements 
22 and 22' may be looped around a body member, for 
example an incised tendon, and knotted (Cf FIG. 4). 
Alternatively, the attaching or outer end 123 of the ele 
ment 122 of the prosthesis of FIG. 3, is preferably slit, 
opened or fanned out or spread out flat, as shown in 
FIG. 3A and is then sutured at the site of attachment 
to a bone, ligament, tendon or other structure, to hold 
the end 123 in place while tissue ingrowth occurs to ef 
fect permanent attachment. If it is desired that the liga 
mentous element 22 or 22' or 122 does not attach else 
where, where loss or partial loss of mobility is un 
wanted, the intermediate length 24 of the element 22 
or 22, i.e., from its connection with the body portion 
11 to its distal end 23, is coated with a tissue-ingrowth 
resisting, body-compatible material, such as silicone 
rubber. Alternatively, a suitable fiber-reinforced elas 
tomeric cord or tape can be employed, having a tissue 
ingrowth-receiving fabric affixed at its outer end. In 
other words, the ligamentous element 22 or 22' is re 
sistant to tissue ingrowth throughout its length and has 
a tissue-ingrowth-receiving outer or attaching end. 
An embodiment of the emplacement of a prosthesis 

according to this invention is shown schematically in 
FIG. 4, which illustrates the restoration of a carpal 
metacarpal thumb joint where orbital motion is natural 
and desirable, and is provided by the present invention. 
The articulating portion of the metacarpal bone 26 is 
resected, the intramedullary canal is drilled to a suit 
able depth, and the trapezium is excised. The stem 16 
of a prosthesis 10, such as shown in FIG. 1 is inserted 
into the drilled portion of the intramedullary canal of 
bone 26 and is sutured in place. The body portion 11 
replaces both the articular portion of the bone 26 and 
the trapezium, and the wall of the bone 26 is held 
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snugly against the shoulder 19 of the body portion 11. 
The ligamentous elements 22, 22' are brought to a suit 
ably positioned adjacent tendon 27 (the flexor carpi 
radialis) where their outer ends 23 are inserted through 
an incision and tied to the incised tendon with slight 
slackness, and the excess ends are trimmed. The inter 
mediate lengths of the elements 22, 22' are secured 
under gentle tension, so that the body portion 11 ro 
tates freely in an orbital motion when recovery of the 
patient is completed. 

Alternatively, when the prosthesis of FIG. 3 is used, 
the procedure is the same up to the point of securing 
the ligamentous element. In this case, the cut and 
fanned out end 123 (FIG. 3A) of the element 122 is su 
tured to adjacent structural tissue, such as bone, liga 
ment, or tendon. For example, to attach to bone, the 
periosteum is elevated or removed, and the bone sur 
face scarified to invite ingrowth. The fanned end 123 
of the ligament 122 is then firmly and closely approxi 
mated to the bleeding bony surface, the periosteal and 
overlying tissue layers are then repositioned, sutured, 
and the wound closed. 
A carpal lunate prosthesis 30 is shown in FIGS. 5 and 

6. The prosthesis 30 comprises a shaped body portion 
31 of silicone rubber 32 which may or need not be rein 
forced with a plurality of layers 33 of Dacron mesh. 
Molded into the body 31 at approximately opposite 
ends of the long diameter of the top surface 34 of the 
body 31 at approximately the same position as the nat 
ural lunate ligaments are ligamentous elements 35,36, 
37, and 38, which are like the elements 22 and 22' de 
scribed above with respect to the metacarpal articular 
trapezium prosthesis. Upon emplacement in a wrist, 
after having first excised the carpal lunate bone, each 
pair of the ligamentous elements 35, 36 and 37,38 are 
spread out and sutured to adjacent collateral ligaments, 
or they may be tied to the nearest adjacent carpal bone 
through a suitably drilled hole, or tied to an incised lig 
ament or tendon. 

It will be understood that the above specific descrip 
tion and drawings have been given for purposes of illus 
tration only and that variations and modifications can 
be made therein without departing from the spirit and 
scope of the appended claims. The term "orbital' is 
used herein in the anatomical sense, i.e., having a mo 
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tion similar to that of the eyeball. 
Having now described the invention, what is claimed 

S. 

1. A prosthesis for replacement of at least the articu 
lar portion of a bone to enable substantially unre 
stricted orbital motion in a joint in an animate body, 
comprising in combination a shaped body portion of 
biocompatible elastomer material conforming approxi 
mately to the shape of the bone portion to be replaced 
and having a contoured surface means to produce said 
orbital motion, and 

fabric ligamentous means secured to said portion for 
attachment by tying to an adjacent structure in said 
body at least a portion of said fabric being tissue 
ingrowth receptive so as to be adapted to affixation 
by tissue ingrowth. 

2. A prosthesis as in claim 1 wherein said shaped 
body portion is of silicone rubber. 

3. A prosthesis as in claim 2 wherein said rubber is 
reinforced with fibrous material. 
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4. A prosthesis as in claim 3 wherein said fibrous ma 
terial is a mesh of fabric selected from the group con 
sisting of Dacron and Teflon. 

5. A prosthesis as in claim 1 wherein said body por 
tion has a centrally concave end surface, and a rounded 
shoulder therearound. 

6. A prosthesis as in claim 1 wherein there are pro 
vided a plurality of said ligamentous means. 
7. A prosthesis as in claim 1 wherein said ligamentous 

means is a tube of fabric selected from the group con 
sisting of Dacron and Teflon. 

8. A prosthesis as in claim 7 wherein said tube is pro 
vided with at least one inner cord extending through 
the length of said tube and attached only to said shaped 
body. 

9. A prosthesis as in claim 1 wherein said ligamentous 
means is of tissue-ingrowth-receiving fabric and has a 
tissue-ingrowth-resistant surface throughout its inter 
mediate length. 

10. A prosthesis for replacement of the combination 
of the articular portion of a first bone selected from the 
group consisting of the metacarpal and metatarsal 
bones and a second bone selected from the group con 
sisting of the carpal and tarsal bones at a joint to enable 
substantially unrestricted orbital motion therein, com 
prising in combination: 

a. a shaped body portion of biocompatible material 
conforming generally to the shape of said articular 
portion and said second bone and having a top 
face, 

b. at least one fabric ligamentous element affixed to 
said body portion and adapted to attach to an adja 
cent body structure, each said ligamentous element 
being affixed at one of its ends to said body portion, 

c. means to attach said element to an adjacent body 
structure, 

d. a conical stem extending from the bottom of said 
body portion opposite said top face, and 

e. a tissue-ingrowth-receiving fabric at least partially 
covering the surface of said stem, said stem being 
formed of a biocompatible elastomer. 

11. A prosthesis as in claim 10 wherein said stem is 
made of silicone rubber reinforced with mesh fabric se 
lected from the group consisting of Dacron and Teflon. 

12. A prosthesis as in claim 10 wherein said ligamen 
tous element comprises a pair of flexible knitted Da 
cron tubes arranged side by side and covered over the 
intermediate length of each with a tissue-ingrowth 
resistant flexible elastomeric coating. 

13. A prosthesis as in claim 10 wherein each said liga 
mentous element is a tube provided with a least one 
inner cord extending through the length of said tube at 
tached only to said shaped body. 

14. A prosthesis as in claim 10 wherein said fabric is 
Dacron velour. 
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8 
15. A prosthesis for replacement of a bone in a 

human joint having orbital motion comprising a shaped 
body of biocompatible elastomer reinforced with bi 
ocompatible fibrous material and comforming gener 
ally to the shape of said bone and having a contoured 
surface means to produce said orbital motion, and at 
least one flexible fabric ligamentous element affixed to 
said body having at least a portion which is tissue in 
growth receptive whereby it is adapted to be attached 
to an adjacent body structure at the other end by tissue 
ingrowth so as to stabilize said joint against dislocation. 

16. A prosthesis for replacement of a carpal lunate 
bone in a human wrist comprising a shaped body con 
forming approximately to the shape of said carpal lu 
nate to be replaced and formed of silicone rubber, said 
body having a contoured upper face adapted to articu 
late with a carpal bone, at least one ligamentous ele 
ment disposed at each end of said upper face, each of 
said elements being a flexible knitted tube of fabric se 
lected from the group consisting of Dacron and Teflon 
and adapted to attach to an adjacent body structure to 
stabilize said shaped body when emplaced in said wrist. 

17. A prosthesis as in claim 16 wherein a flexible 
cord is freely disposed within said tube and attached to 
said shaped body. 

18. A bone prosthesis, comprising, 
a. a molded body portion generally conforming to the 
shape of the bone to be replaced and provided with 
a contoured surface means adapted to produce an 
articulating motion with a cooperating joint part, 
and having 

b. a stem portion covered with biocompatible fabric, 
and 

c. at least one fabric ligamentous element secured to 
said body portion having at least a portion which is 
tissue ingrowth receptive, and adapted to attach to 
a body tissue by tissue ingrowth. 

19. A prosthesis for replacement of a bone in a 
human joint having orbital motion comprising 
a shaped body of biocompatible elastomer reinforced 
with biocompatible fibrous material and conform 
ing generally to the shape of said bone and having 
a contoured surface means to produce said orbital 
motion, 

a stem portion secured to said body portion and ta 
pered therefrom and covered with biocompatible 
tissue-ingrowth-receptive fabric, and 

at least one flexible fabric ligamentous element af. 
fixed to said body having at least a portion which 
is tissue ingrowth receptive whereby it is adapted 
to be attached to an adjacent body structure at the 
other end by tissue ingrowth so as to stabilize said 
joint against dislocation. 
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