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57 ABSTRACT 
A knee joint prosthesis comprises a femoral compo 
nent having a pair of laterally spaced-apart condylar 
portions received on the femoral condyles and having 
surfaces shaped substantially to match the shapes of 
the condylar surfaces of the femur and an intercondy 
lar portion connecting the femoral components to 
gether. The intercondylar portion has a medial slot 
that opens toward the tibial plateau. A tibial compo 
nent in the form of a generally plate-like platform is 
placed on the tibial plateau and has laterally spaced 
apart tibial surfaces disposed opposite from and Sup 
porting the condylar surfaces of the femoral compo 
nent. A post extends upwardly from the tibial compo 
nent into the slot in the femoral component, and an 
axle extends transversely through openings in the post 
and the intercondylar portion of the femoral compo 
nent to connect the tibial and femoral components to 
gether in hinged relation for relative pivotal move 
ment of the components about a transverse pivot axis 
to afford flexion of the leg. 

19 Claims, 6 Drawing Figures 
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KNEE PROSTHESIS 

BACKGROUND OF THE INVENTION 

The knee joint is the largest joint of the body, is sub 
ject to the greatest stress of any joint in the body and 
is required to sustain the high stresses while permitting 
not only flexural movement of the leg in a posterior 
anterior direction but a significant amount of relative 
rotation or swivelling between the femur and the tibia 
about the axis of the tibia (or the axis of the femur, de 
pending upon what the leg is doing or one's point of 
view) an anterior-posterior relative translation between 
the femur and tibia. Moreover, the bone structure and 
soft tissue structure associated with it must provide a 
high degree of stability in various positions. For exam 
ple, the leg in the extended position involves a locking 
of the joint against flexure of the leg beyond the normal 
extended position. Various injuries and diseases of the 
knee joint are frequently of sufficient severity to par 
tially or totally prevent functioning of the joint and can 
be extremely painful. 
U.S. Pat. application Ser. No. 224,479, filed Feb. 8, 

1972, now U.S. Pat. No. 3,774,244 by the present in 
ventor, for "Knee Joint Prosthesis' (assigned to the as 
signee of the present invention) describes and illus 
trates a knee joint prosthesis that provides for either 
partial or total replacement of the interengaging sur 
faces of the femoral and tibial condyles. The prosthesis 
of that application affords relief from pain and restores 
function and load-bearing capability to a knee-joint 
that is, as a result of disease or injury, rendered par 
tially or fully incapable of function, principally as a re 
sult of failure of the femoral and tibial condyles but 
which, nonetheless, retains most of its stability. As de 
scribed in more detail below, certain features of the 
knee joint prosthesis described in the aforementioned 
prior application are, preferably, included in the knee 
joint prosthesis described and illustrated herein, and 
reference may be made to that prior application for a 4 
complete description of such features. 

SUMMARY OF THE INVENTION 

There is provided, in accordance with the present in 
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2 
its outwardly facing surfaces opposite the femoral con 
dylar portions of the femoral component is placed on 
the tibial plateau. A post extends upwardly from the 
medial portion of the upper surface of the tibial compo 
nent and into the slot between the legs of the U-shaped 
intercondylar portion of the femoral component. An 
axle extends through holes in the post of the tibial com 
ponent and the legs of the intercondylar portion of the 
femoral component and couples the tibial and femoral 
components to each other in hinged relation for rela 
tive pivotal movement of the components about a 
transverse pivot axis, thereby to afford flexion of the 
leg. 
A preferred form of prosthesis according to the pres 

ent invention embodies femoral and tibial condylar 
portions of the femoral and tibial components that are 
shaped in the manner described in the prior application 
of the present inventor referred to above, and refer 
ence may be made to that application for a full descrip 
tion and illustration of the condylar surfaces of the two 
components. Briefly, however, the femoral condylar 
portions are anteriorally posteriorally elongated, dou 
bly curved, plate-like members having a varying curva 
ture in the anterior-posterior direction that conforms 
generally to the anterior-posterior anatomical shape of 
the femoral condyles. The condylar surface of each fe 
moral condylar portion is of uniform transverse shape 
throughout its length and includes a substantially flat 
portion at the laterally outward portion and convexly 
curved portions at the laterally inward portions. Each 
condylar surface of the tibial component is a surface 
generated by moving an anteriorally posteriorally ori 
ented line along a path conforming to the transverse 
shape of the corresponding condylar surface of the fe 
moral component. In other words, in transverse cross 
section, each tibial condylar surface has a shape match 
ing the transverse shape of the femoral condylar por 
tion of the femoral component and is essentially uni 

0 form in all transverse sections along its anterior 
posterior length. The matching transverse curvatures of 
the interengaging condylar surfaces of the two compo 
nents of the prosthesis provide lateral stability in the 
joint in that they restrict relative lateral displacement 

vention, a knee joint prosthesis intended for use in 45 between the components, but articulation of the joint 
knees that as a result of injury or disease are not only 
partially or totally incapable of normal function, but 
have been damaged to the point of being markedly un 
stable; in other words, not only are the condyles inca 
pable of functioning properly to transfer loads from the 
femur to the tibia and to afford proper articulation, but 
other components such as ligaments and other soft tis 
sues of the knee joint have been damaged or destroyed 
or there has been substantial destruction or erosion of 
bone so that replacement of the condylar surfaces does 
not restore function and stability. - 
More particularly, a knee joint prosthesis, according 

to the present invention, includes a femoral component 
having a pair of laterally spaced-apart condylar por 
tions placed at the femoral condyles and a generally U 
shaped intercondylar portion that interconnects the fe 
moral components. The cavity or opening between the 
legs of the U opens generally toward the tibia and post 
eriorally and provides a slot in the intercondylar por 
tion of the femoral component. A tibial component in 
the form of a plate-like platform having laterally 
spaced-apart femoral surfaces at the lateral portions of 
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in a manner closely resembling the normal anatomical 
articulation or flexure of the joint is provided. 
The condylar surfaces of the tibial component (that 

is, those surfaces of the tibial component that are en 
gaged by the femoral component) are preferably gener 
ated by straight lines and thus are straight in all lateral 
cross-sections taken in anteriorally posteriorally ex 
tending planes. Accordingly, anterior-posterior dis 
placement of the femoral component relative to the tib 
ial component, a function that is afforded by the ana 
tomical knee joint, is permitted by the prosthesis. 
The hinge connection between the femoral and tibial 

component of the prosthesis of the present invention 
provides enhanced stability of the knee joint, as com 
pared with the prosthesis described and illustrated in 
the prior application referred to above. Nonetheless, 
the form of the prosthesis of the present invention pro 
vides flexibility or laxity closely resembling that of the 
anatomical knee joint, thereby facilitating an approxi 
mation of normal knee joint function. In particular, ro 
tational laxity, that is, the ability of the tibia to rotate 
about its longitudinal axis relative to the femur is af 
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forded by providing the following geometrical and di 
mensional characteristics: 

1. a predetermined clearance between the axle and 
the hole in the intercondylar portion of the femoral 
component in which the axle is received; 

2. predetermined clearances between the lateral sur 
faces of the post of the tibial component and the faces 
of the slot in the intercondylar portion of the femoral 
component which receives the post, and 

3. the cross-sectional shapes of the slot and post are 
so related as to afford limited pivoting of the post in the 
slot. 

Preferably, the clearance between the axle and the 
hole through which it passes varies, depending upon 
the degree of flexure of the knee, the degree of rota 
tional laxity increasing from a relatively small amount 
of a few degrees of relative rotation when the leg is ex 
tended to a somewhat larger degree of rotation, say, 
somewhere on the order of 9 to 15 of relative rota 
tion, when the leg is substantially flexed. The clearance 
between the axle and the hole or holes through which 
it passes in the hinge connection and the lateral clear 
ances between the lateral faces of the post and the 
faces of the slot allow the desired amount of relative ro 
tation of the prosthesis components but restrict rota 
tion beyond the desired value. 

In a preferred form, the post of the tibial component 
has, in cross section (in planes generally perpendicular 
to the longitudinal axis of the tibia) lateral surfaces that 
converge outwardly, relative to a plane passing through 
the axis of the axle and substantially perpendicular to 
the principal plane of the outwardly facing surface of 
the tibial component. Such convergence may be either 
in the form of convexly curved lateral surfaces or flat, 
convergent faces. 
The clearance relationships described above (and de 

scribed in more detail below) permit the prosthesis to 
function in a manner closely approximating normal an 
atomical function. Preferably, however, inasmuch as 
flexibility in the joint is somewhat inconsistent with sta 
bility, the flexibility provided by the geometry of the 
prosthesis and, in particular, by the various clearances 
intentionally provided to produce the desired flexibil 
ity, is somewhat less than that provided by the anatomi 
cal knee joint. In any case, the degree of flexibility is a 
matter of the precise design of the prosthesis and can 
be varied in accordance with the opinions of the doc 
tors in the circumstances of a particular patient or type 
of patient. 
The components of the prosthesis are implanted in 

the knee joint in assembled relation, thus facilitating 
the surgical procedure and ensuring accuracy of loca 
tion of the parts relative to one another, and are se 
cured by an appropriate cement, such as a cement 
based on polymethyl methacrylate. Firm fixation of the 
femoral component in the femur is enhanced by pro 
viding, in the femoral component, a pin that extends 
through the epiphysis of the femur, preferably within 
the cortex, and a short distance into the lower portion 
of the femoral diaphysis. Some bone removal on the 
epiphysis is necessary to accommodate the intercondy 
lar portion of the femoral component and a small 
amount of resecting of the femoral condyles in regions 
that will underlie the femoral condylar portions of the 
femoral component of the prosthesis may be appropri 
ate. In addition, the internal surfaces of the femoral 
condylar portions of the femoral component may be 
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4. 
provided with a series of small bosses or pins that 
project into a body of cement installed in the resected 
portions of the femoral condyles. 
The tibial component is implaced on the tibial pla 

teau, also using an appropriate cement for securement, 
by resecting a small amount of the cortex of the tibial 
epiphysis in the region that will underlie the tibial com 
ponent. Fixation of the tibial component is enhanced 
by providing undercut or dovetail-shaped grooves in 
the undersurface of the tibial component and providing 
ribs or fins that depend downwardly and extend some 
distance into the tibia. A pin is installed through a hole 
through the anterior portion of the tibial component, 
the pin extending through the tibial epiphysis within the 
cortex and into the upper end of the tibial diaphysis and 
being cemented in place. 
Although various materials may be used for the pros 

thesis, it is preferable to employ a surgical metal, such 
as a surgical cobalt-chrome alloy. The interengaging 
surfaces of the components should be highly polished 
to reduce friction to a minimum and to minimize wear 
and thus prolong useful life. 
A knee joint prosthesis, in accordance with the pres 

ent invention, provides various important advantages. 
The fact that the two components are physically inter 
connected and are geometrically and dimensionally 
formed to restrict relative movements other than those 
intentionally provided to accommodate anatomical 
knee function ensures stability of a corrected joint in 
which the prosthesis is implaced. Thus, the ability to 
restore stability to an unstable anatomical knee joint is, 
of course, the most important advantage of this inven 
tion. The prosthesis also permits limited relative move 
ments, thus retaining the laxity of the anatomical knee 
joint and providing restoration of function approximat 
ing anatomical function. The laxity afforded by the 
prosthesis also reduces the forces imposed on the fixa 
tion so that loosening is less likely to occur. The pros 
thesis requires a minimum amount of bone cutting and 
resection before placement, and yet the components 
are securely fixed to the bones and are not likely to re 
quire replacement. On the other hand, if there is a fail 
ure of the prosthesis, there will still be adequate bone 
available for another implacement or for an alternate 
surgical procedure. The components are strong, dura 
ble and long wearing, thus making a failure of the pros 
thesis very unlikely in any case. 

DESCRIPTION OF THE DRAWINGS 
For a better understanding of the invention, refer 

ence may be made to the following description of an 
exemplary embodiment, taken in conjunction with the 
figures of the accompanying drawings in which: 
FIG. 1 is a side view from the external side of a right 

knee joint having the prosthesis implaced therein, the 
bones being shown in outline only and the prosthesis 
being shown in full elevation; 
FIG. 2 is a front view, partly in elevation and partly 

in section, as represented by the lines 2-2 of FIG. 1 
and the direction of the arrows, of the prosthesis of 
FIG. 1; 
FIG. 3 is a top view of the tibial component of the 

prosthesis of FIGS. 1 and 2; 
FIG. 4 is a top view in cross-section of a portion of 

the prosthesis, the cross-section being taken generally 
along the lines 4-4 of FIG. 2 and in the direction of 
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the arrows, and the view being on a larger scale than 
FIG. 2; 
FIG. 5 is a side elevational view showing the axle and 

the hole in the tibial post on a larger scale than FIG. 1; 
and 
FIG. 6 is a side view of the external side of the pros 

thesis (as in FIG. 1) illustrating the prosthesis in the po 
sition it assumes with the knee flexed to 90. 

DESCRIPTION OF EXEMPLARY EMBODIMENT 
FIGS. 1, 2 and 6 of the drawings illustrate an exem 

plary embodiment of the prosthesis, according to the 
invention, in place at the knee joint of a human leg. The 
femur (thighbone) 10 and the tibia (legbone) 12 are 
shown in dotted outline. The prosthesis includes a fe 
moral component 14, a tibial component 16, a tibial 
pin 18 by which the tibial component is more firmly se 
cured to the tibia and a hinge pin or axle 20 by which 
the femoral component and tibial component are con 
nected together for relative pivotal movement to afford 
flexure of the knee joint. 
The femoral component 14 consists of a pair of later 

ally spaced-apart femoral condylar portions 22, each of 
which is a doubly curved, plate-like element having an 
anterior-posterior curvature and a length generally 
conforming to the corresponding condylar surface of 
the femoral condyle and having in transverse cross 
sections (FIG. 2) along its length, a relatively flat outer 
portion 24 along the lateral extremities and a curved 
inner portion 26. Each femoral condylar portion of the 
femoral component is of generally uniform cross 
section throughout its length. Projections in the form of 
small pins 27 on the internal surfaces of the femoral 
condylar portions 22 extend into a layer of cement 
placed in a resected portion of the femoral epiphysis 
underyling the femoral condylar portions 22 and assist 
in fixation of the femoral component. 
The femoral component further includes a generally 

U-shaped intercondylar portion 28 that interconnects 
the femoral condylar portions 22 and defines between 
laterally spaced-apart legs of the U a slot 30. The slot 
30 is open throughout the portion of the femoral com 
ponent that faces generally towards the tibia in all posi 
tions of the leg. (As described below, the slot 30 re 
ceives a post on the tibial component and the slot is 
therefore necessarily open to allow full flexural move 
ment of the joint). A curved femoral pin portion 32 ex 
tends from the upper end of the intercondylar portion 
28, and the intercondylar portion and pin portion to 
gether thus extend through the femoral epiphysis, pref 
erably within the cortex, and terminate at generally the 
area where the epiphysis meets the diaphysis of the fe 
l, - 

The tibial component 16 is a generally flat, plate-like 
piece having, in plan (see FIG. 3), a shape appropriate 
to permit it to be mounted on the tibial plateau and 
having in the lateral portions of the outwardly facing 
surface laterally concavely curved portions 34 and 36 
that receive and support the femoral condylar portions 
22 of the femoral component 14 and function, in the 
prosthesis, as the condylar surfaces of the tibial pla 
teau. In transverse cross-section (see FIG. 2), the con 
dylar surfaces 34 and 36 of the tibial component are 
shaped to match the transverse shapes of the corre 
sponding femoral condylar portions of the femoral 
component. In particular, the surfaces 34 and 36 are 
surfaces generated by moving a straight line along a 
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6 
path conforming to the transverse shape of the out 
wardly facing surfaces of the femoral condylar portions 
22 of the femoral component, such outwardly facing 
surfaces constituting the condylar surfaces of the fe 
moral component and matching the condylar surfaces 
of the femur. The configuration of the femoral condy 
lar portions of the femoral component and the femoral 
surfaces 34 and 36 of the tibial component are substan 
tially the same as those described and illustrated in U.S. 
Pat. Application Ser. No. 224,479, filed Feb. 8, 1972, 
for "Knee Joint Prosthesis' (referred to above), and 
reference may be made to that application for a more 
complete description of the femoral condylar portions 
of the femoral component and the condylar surfaces of 
the tibial component of the prosthesis of the present in 
vention. 
The tibial component 16 also has an upwardly ex 

tending post 38 that is received in the slot 30 of the fe 
moral component. The hinge pin or axle 20 is fixed in 
holes in the legs of the intercondylar portion 28 of the 
femoral component and passes through a hole 40 in the 
post 38 of the tibial component. The tibial pin 18, 
which has a slight taper, passes through a hole in the 
anterior portion of the tibial component. An enlarged 
head 18a on the pin resides in a recess 42 formed in the 
upper medial anterior portion of the tibial component. 
Firm fixation of the tibial component to the tibia is fur 
ther assured by a transversely extending, undercut 
groove 46 formed under the anterior portion of the un 
dersurface of the tibial component and a pair of later 
ally spaced, depending ribs or bosses 48. A body of ce 
ment placed under the tibial component protrudes into 
the undercut slot 46 and provides a keyway lock while 
the ribs 48 extend down into adhesive-filled slots cut 
into the bone. The slot 46 and the ribs 48 ensure fixa 
tion of the tibial component against rotational or trans 
lational shifting of the tibial component on the tibial 
plateau. 
Referring to FIGS. 4 and 5 of the drawings, the clear 

ances provided in the hinge system of the prosthesis are 
of considerable importance in providing for controlled 
laxity in the joint, such laxity being necessary to repro 
duce in the prosthetic joint the capability of move 
ments approximating the movements afforded by the 
anatomical knee joint. The flexibility or laxity afforded 
by the prosthesis is a result of several geometrical rela 
tionships and predetermined clearances established in 
the prosthesis, as discussed in the following paragraphs. 

The location of the axis of the axle on the femoral 
component, relative to the condylar surfaces of the fe 
moral component (that is, the outwardly facing sur 
faces of the femoral condylar portions 22 of the fe 
moral component) is established to provide pivotal 
movement of the joint in a manner closely simulating 
the pivotal or flexural movement of the anatomical 
knee joint. Moreover, the configuration of the opening 
40, relative to the axle 20, provides a locking function 
that restricts flexure of the joint in a direction beyond 
the normally extended position of the leg. More partic 
ularly, the axis AA of the axle 20 is positioned, relative 
to an imaginary surface SF defined by the extremities 
of the condylar surfaces of the femoral component 
such that the distance DA between the axis AA and the 
imaginary surface SF is at or near a minimum at the 
posterior extremity PE of the tibial surface of the fe 
moral component and is at or near a maximum at the 
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anterior extremity of the surface SF, the dimension DA 
varying somewhat at various points along the surface 
SF but, in general, increasing moving from the poste 
rior extremity PE to the anterior extremity AE. With 
the leg in fully extended position, as illustrated in FIGS. 
and 2 of the drawings, the axle resides near the top 

of the opening 40 in the tibial post 38. Controlled rota 
tional laxity in the knee joint is afforded by providing, 
in the hinge connection between the tibial and femoral 
components of the prosthesis, for limited rotation of 
the tibial component relative to the femoral compo 
nent. The maximum control over the amount of such 
relative rotation is a result of (1) the configuration and 
relative dimensions of the axle 20 and the axle opening 
40 in the post 38 of the tibial component and (2) the 
geometry and dimensions of the slot 30 in the femoral 
component and the post 38. FIGS. 4 and 5 of the draw 
ings illustrate the geometrical and dimensional rela 
tionships involved. 

In the anatomical knee joint, the ability of the tibia 
to rotate about its longitudinal axis relative to the 
femur is, in general, at a maximum with the leg at maxi 
mum flexion and diminishes to a minimum with the leg 
fully extended. This anatomical function is simulated in 
the prosthesis by providing a variable clearance be 
tween the axle 20 and the axle opening 40 in the post 
38 of the tibial component. As discussed above, the dis 
tance between the axis of the axle 20 and an imaginary 
surface defined by the extremities of the femoral con 
dylar portions 24 of the femoral component increases 
for approximately a minimum at the posterior extrem 
ity of the femoral condylar portion to a near maximum 
at the anterior extremity. This dimensional relationship 
requires that the hinge afford movement of the axis of 
the pin relative to one of the two components of the 
prosthesis, and this in turn means that there must be a 
clearance between the axle and the holes that receive 
it in one of the two components. 

In a preferred embodiment of the prosthesis, the axle, 
which is preferably of circular cross-section, extends 
into holes bored in the legs of the intercondylar portion 
of the femoral component and is tightly fitted within 
such holes against movement. All clearance in the 
hinge connection is provided in an enlarged hole of a 
carefully established shape in the post of the tibial com 
ponent. It is important to point out at this juncture, 
however, that a reversal of this particular arrangement 
is entirely possible; that is, the axle can be rigidly con 
nected to the post of the tibial component and received 
in specially shaped oversized holes in the legs of the fe 
moral component, such modification representing 
merely a reversal of parts but no essential difference in 
function. Assuming, merely for purposes of simplifying 
this description, that the axle is affixed to the femoral 
component and received in an oversized, specially 
shaped hole in the post of the tibial component, the . 
clearances between the axle and the hole in the post, 
considering the prosthesis in lateral profile with the leg 
in fully or near fully extended position, include the fol 
lowing clearance relationships (see FIG. 5): 

1. There is a small clearance t between the top sur 
face of the axle and the top of the hole in the post to 
allow the femoral component to displace a small dis 
tance vertically away from the tibial component upon 
slight rotation of the tibia relative to the femur. Such 
relative rotation requires a slight cocking of the fe 
moral component relative to the tibial component 
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which, in turn, means that the interengaging condylar 
portions of the two components, by reason of their 
shape in transverse cross-section, requires a small 
amount of vertical movement of the femur relative to 
the tibia, 

2. There is a small clearancel between the axle of the 
anterior and posterior surfaces in the upper portion of 
the hole for the same reason as the clearance described 
in subparagraph above. The desirable small rotational 
laxity in the prosthesis requires that the axle cock or ro 
tate slightly in the hole in conjunction with the relative 
cocking or rotation of the femoral component relative 
to the tibial component. The magnitude of the anterior 
posterior clearance increases to a maximum in the bot 
tom portion of the hole and establishes the degree of 
rotational laxity with the leg in the various positions, 
since the degree of which the axle cocks in the hole is 
limited by engagement of the axle with the walls of the 
axle hole; 

3. There is a relatively large clearance b between the 
bottom portion of the axle and the bottom portion of 
the hole to allow for relative downward displacement 
resulting from the variable dimension between the 
above-mentioned imaginary plane defined by the ex 
tremities of the femoral condylar portions of the fe 
moral component and the axis AA of the axle. 
By comparing FIGS. 1 and 6 of the drawings and, of 

course, in view of the variable dimension between the 
axis of the axle and the plane defined by extremities of 
the femoral condylar portions of the femoral compo 
nent, it is evident that the axle 20 occupies a position 
near the top of the opening 40 when the leg is at maxi 
mum extension, occupies a position near the bottom of 
the opening when the leg is at full flexure and occupies 
variable intermediate positions between the top and 
bottom at various degrees of leg flexure. Inasmuch as 
the clearance in the anterior-posterior direction be 
tween the axle 20 and the opening 40 is greater in ap 
proximate proportion to the degree of flexure of the leg 
and inasmuch as the cocking of the axle in the opening 
40 is limited by the clearance in the anterior-posterior 
direction, the hinge arrangement in the prosthesis pro 
vides a minimum amount of rotational laxity in the joint 
with the leg at full extension and increasing degrees of 
rotational laxity in approximate proportion to the de 
gree of flexure of the leg. 

Rotational laxity in the prosthesis is also afforded by 
providing geometrical and dimensional relationships 
between the slot 30 in the femoral component and the 
lateral faces of the post 38 of the tibial component that 
permit rotational laxity. Preferably, however, such rela 
tionships also restrict lateral laxity, i.e., relative transla 
tion in the lateral direction of the femoral and tibial 
components. The geometrical and dimensional rela 
tionships between the slot 30 and the post 38 in an ex 
emplary embodiment of the prosthesis are best seen in 
FIG. 4 of the drawings. 
The faces defining the slot 30 are planar and parallel 

and are spaced apart a distance designated S. The line 
XX in FIG. 4 represents a plane through the axle that 
is perpendicular to the major surface of the tibial com 
ponent. The lines. YY in FIG. 4 represents a plane 
through the axis of the axle opening in the post 38 and 
perpendicular to the major plane of the tibial compo 
ent. 
in cross section, along at least a portion that is re 

ceived within the slot 30, the post 38 includes a center 
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portion that is rectangular and has a dimension d ap 
proximately equal to the maximum dimension of the 
opening 40 and a dimension A that is somewhat less 
than the dimension S between the faces of the slot. The 
dimension A is chosen so that when the post 38 (and 
thus the tibial component) rotates or cocks relative to 
the femoral component in either direction through an 
angle equal to one-half or any other desired fraction of 
the total desired maximum rotation, the corners of the 
rectangular portion of the post 38 engage the faces of 
the slot 30. 
The portions of the lateral faces of the post 38 out 

wardly from the cross-sectionally rectangular portion 
of the post converge outwardly, and the included angle 
between the planes of the convergent portions is equal 
to the desired amount of rotational laxity in the pros 
thesis. Accordingly, when the tibial component rotates 
relative to the femoral component to an extent equal to 
one-half or any other selected fraction in either direc 
tion, the convergent faces engage corresponding por 
tions of the walls of the slot 30, FIG. 4 illustrates such 
engagement and therefore illustrates the manner in 
which the dimensional and geometrical relationships 
between the post and the slot limit the amount of maxi 
mum rotation of the tibial component relative to the 
femoral component. 

It is evident from FIG. 4 and from appropriate trigo 
nometric calculations of the dimensions and angles il 
lustrated in FIG. 4 that only a relatively small lateral 
clearance between the lateral faces of the post 38 in the 
rectangular medial portion and the walls of the slot 30 
(S minus A) is necessary to permit a substantial angular 
rotation. Accordingly, rotational laxity is afforded 
without introducing any substantial lateral laxity. 
Moreover, the matching shapes in transverse cross 
section of the condylar surface of the femoral compo 
nent and the condylar surface of the tibial component 
restricts, in any event, relative lateral translation. 
The geometrical and dimensional relationships be 
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tween the post and the slot described above and illus- 40 
trated in FIG. 4 are merely exemplary. A similar result 
of providing rotational laxity in the prosthetic joint may 
be achieved by providing an appropriate clearance be 
tween a planar face or by providing outwardly convexly 
curved lateral faces on the post. Moreover, the cross 
sectional shapes of the walls of the slot may be altered, 
rather than or in addition to altering the cross-sectional 
shape of the post. 

In addition to affording rotational laxity as well as 
controlling the degree of rotational laxity as a function 
of the degree of flexure of the leg, the construction of 
the hinge in the embodiment of the prosthesis shown in 
the drawings affords anterior-posterior laxity, which is 
also a characteristic of the anatomical knee joint. Thus, 
the prosthesis of the invention permits restoration of 
function in a manner reasonably duplicating the func 
tions of the anatomical knee joint. Nonetheless, the 
prosthesis restores stability by controlling and limiting 
lateral, rotational and anterior-posterior laxity. 
The above-described embodiments of the invention 

are intended to be merely exemplary, and those skilled 
in the art will be able to make numerous variations and 
modifications of them without departing from the spirit 
and scope of the invention. All such variations and 
modifications are intended to be included within the 
scope of the invention as defined in the appended 
claims. 
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10 
I claim: 
1. A knee joint prosthesis comprising a femoral.com. 

ponent having a pair of condylar portions laterally 
spaced-apart from each other and having outwardly 
facing surfaces generally matching in shape the ana 
tomical surfaces of the femoral condyles (the condylar 
surfaces of the femur) and an intercondylar portion in 
terconnecting the femoral condylar portions, the inter 
condylar portion being generally U-shaped and defin 
ing a slot located between the femoral condylar por 
tions and adapted to open toward the tibial plateau; a 
tibial component in the form of a plate-like platform 
adapted to be positioned on the tibial plateau and hav 
ing laterally spaced-apart outwardly facing condylar 
surfaces disposed opposite the femoral condylar por 
tions of the femoral component for support thereof and 
a post extending upwardly into the slot in the femoral 
component; and an axle extending transversely across 
the slot in the femoral component through a hole in the 
post of the tibial component and into aligned holes in 
leg portions of the intercondylar portion on either side 
of the slot in the femoral component and connecting 
the tibial and femoral components together in hinged 
relation for relative pivotal movement of the compo 
nents about a transverse pivot axis to afford flexion of 
the leg at the joint, each hole into which the axle ex 
tends in at least one of the components of the prosthe 
sis having a clearance from the axle in a selected zone, 
the clearance being shaped, dimensioned and posi 
tioned to afford relative rotation between the tibial and 
femoral components about an axis parallel to the axis 
of the tibia, i.e., to provide rotational laxity in the joint, 
the rotational laxity being at a maximum when the 
prosthesis is in a position corresponding generally to 
full leg flexion and the outwardly facing surfaces of the 
condylar portions of the femoral component are in 
contact with the outwardly facing condylar surfaces of 
the tibial component, the rotational laxity being at a 
minimum when the prosthesis is in a position corre 
sponding to full leg extension and said surfaces are in 
contact. 

2. A knee joint prosthesis according to claim 1 
wherein there are clearances between lateral faces of 
the post of the tibial component and the faces of the in 
tercondylar portion defining the slot in the femoral 
component. 

3. A knee joint prosthesis according to claim 1 and 
further comprising a tibial pin extending through an 
opening in the tibial component and positioned in the 
component to extend through the tibial epiphysis. 

4. A knee joint prosthesis according to claim 1 and 
further comprising a pin connected to the femoral com 
ponent and positioned on the component to extend 
through the femoral epiphysis, 

5. A knee joint prosthesis according to claim 4 
wherein the pin of the femoral component is unitary 
with the intercondylar portion of the femoral compo 
nent and is an extended curved portion of reduced 
transverse cross-section merging smoothly with the in 
tercondylar portion of the femoral component. 

6. A knee joint prosthesis according to claim 1 
wherein each of the femoral condylar portions of the 
femoral component is an elongated doubly curved 
member shaped and dimensioned to extend from gen 
erally the anterior to generally the posterior of the fe 
moral condyle and having (a) a varying curvature in 
the anterior-posterior direction closely matching the 
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anatomical shape of the femoral condyle and (b) in 
transverse cross-sections along its length a laterally out 
wardly located essentially flat zone and a laterally in 
wardly located curved zone that is externally convex, 
and wherein each condylar surface of the tibial compo- 5 
nent has in transverse cross-section a shape matching 
the cross-sectional shape of the condylar surface of the 
corresponding femoral condylar portion of the femoral 
component. 

7. A knee joint prosthesis according to claim 6 10 
wherein each condylar surface of the tibial component 
is a surface generated by a substantially straight anteri 
or-posterior line line moved along a path conforming 
substantially to the transverse shape of the correspond 
ing condylar surface of the femoral condylar portions 15 
of the femoral component. 

8. A knee joint prosthesis according to claim 1 
wherein the axis of the axle is positioned to be spaced 
posteriorally from the axis of the tibia. 

9. A knee joint prosthesis according to claim 1 20 
wherein the distance between the axis of the axle and 
an imaginary surface matching the lateral profiles of 
the femoral condylar surfaces of the femoral compo 
nent is at or near a maximum at the anterior extremity 
of such surface and generally diminishes at successive 25 
points on such surface moving from the anterior ex 
tremity toward the posterior extremity of such surface. 

10. A knee joint prosthesis comprising a femoral 
component having a pin portion positioned on the fe- 30 
moral component to extend through the femoral epiph 
ysis, a pair of laterally spaced-apart femoral condylar 
portions in the form of anteriorally-posteriorally elon 
gated, doubly curved plate-like members having a vary 
ing curvature in the anterior-posterior direction and 35 
having outwardly facing condylar surfaces generally 
matching the anatomical shapes of the respective con 
dylar surfaces of the femoral condyles and an intercon 
dylar portion connected to the inner edges of the re 
spective femoral condylar portions and to the pin, the 
intercondylar portion having an outwardly open slot 
located generally between the femoral condylar por 
tions of the femoral component and adapted to face the 
tibial plateau; a tibial component in the form of a plate 
like platform adapted to be positioned on the tibial pla 
teau and including in each of the laterally outward 
zones of the surfaces thereof facing the condylar sur 
faces of the femoral condylar portions of the femoral 
component a condylar surface positioned in facing re 
lation to the corresponding condylar surface of the fe 
moral component, each condylar surface of the tibial 
component having a shape closely matching in trans 
verse cross-sections along its length the transverse 
shape of the corresponding condylar surface of the fe 
moral component and being a surface generated by a 
generally straight anterior-posterior line moved along 
a path conforming to said transverse shape of said cor 
responding condylar surface of the femoral compo 
nent, the tibial component further including a post pro 
jecting upwardly from the upper surface thereof and 
received in the slot in close clearance relation to the 
walls of the slot; means adapted for securing the tibial 
component to the tibia; and an axle coupling the tibial 
component and femoral component together in hinged 65 
relation for relative pivotal movement of the compo 
nents about a transverse pivot axis to afford flexion of 
the leg at the joint, the axle extending through aligned 
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2 
transverse openings in the post of the tibial component 
and the intercondylar portion of the femoral compo 
nent, each axle opening in at least one of the compo 
nents having, with the leg at or near full extension, the 
following clearance relationships with the axle; 

1. a clearance in the anterior-posterior direction to 
afford relative rotation between the tibial and fe 
moral components about an axis parallel to the axis 
of the tibia, i.e., to provide rotational and anterior 
posterior translational laxity in the joint, the rota 
tional laxity being at a minimum when the leg is at 
or near full extension and the outwardly facing 
condylar surfaces of the condylar portions of the 
femoral component are in contact with the condy 
lar surfaces of the tibial component, the rotational 
laxity being at a maximum when the leg is at or 
near full flexion and said surfaces are in contact; 

2. a very small clearance between the top of the axle 
and the top of the opening to afford a slight upward 
displacement of the femoral component in a direc 
tion away from the tibial component in conjunction 
with the relative rotation between the components 
about an axis parallel to the axis of the tibia; 

3. a clearance between the lower portion of the axle 
and the lower portion of the opening to enable an 
gular displacement of the femoral component in an 
anterior-posterior direction relative to the tibial 
component upon flexion of the joint, i.e., flexural 
laxity. 

11. A knee joint prosthesis according to claim 10 
wherein the axis of the axle is positioned to be spaced 
posteriorally from the axis of the tibia and the distance 
between the axis of the axle and an imaginary surface 
defined by the extremities of the condylar surfaces of 
the femoral condylar portions of the femoral compo 
nent is at or near maximum at the anterior extremity of 
said imaginary surface and generally diminished at suc 
cessive points moving from the anterior extremity to 
ward the posterior extremity and wherein the axle en 
gages the top of the opening when the leg reaches full 
extension so that flexion substantially beyond full ex 
tension is precluded. 

2. A knee joint prosthesis according to claim 10, 
wherein there is a clearance of outwardly increasing 
magnitude between the surfaces defining the slot in the 
intercondylar portion of the femoral component and 
the lateral faces of the tibial post, moving along an 
anterior-posterior axis in at least one direction from the 
Zone of a plane parallel to the axis of the tibia and in 
cluding the axis of the axle. 

13. A knee prosthesis according to claim 12 wherein 
the surfaces defining the slot in the femoral component 
are planar and parallel and are positioned on the fe 
moral component to be oriented substantially anterior 
ally posteriorally of the femur and wherein portions of 
the lateral faces of the tibial post on at least one side 
of said plane converge outwardly, 

14. A knee joint prosthesis according to claim 13 
wherein said portions of the lateral faces of the tibial 
post are planar and the planes thereof intersect at an 
angle equal to the desired maximum degree of rota 
tional laxity permitted by the prothesis. 

15. A knee joint prosthesis according to claim 14 
wherein said angle is on the order of 12. 

16. A knee joint prosthesis according to claim 10 
wherein the axle is affixed to the intercondylar portion 
of the femoral component and all clearances are be 



3,837,009 
13 

tween the axle and the opening in the tibial post, the 
opening in the post, as viewed axially, being defined by 
a substantially arcuate upper wall in relatively closer 
clearance with the axle, a substantially arcuate lower 
wall in relatively larger clearance with the axle, and 
substantially straight side walls connecting and merging 
smoothly with the upper and lower walls, whereby the 
rotational laxity afforded by the prosthesis is at a maxi 
mum when the axle resides in the power portion of the 
opening (its position at full leg flexion) and is at a mini 
mum when the axle resides in the upper portion of the 
opening (its position at full leg extension). 

17. A knee joint prosthesis according to claim 10 
wherein the under surface of the tibial component has 
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14 
at least one slot therein for enhancing the fixation of 
the tibial component to the tibia against movement out 
of its position as placed. 

18. A knee joint prosthesis according to claim 10 
wherein the tibial component has a recess at the medial 
anterior portion of the upper surface thereof and where 
the tibial pin includes an enlarged head portion re 
ceived in said recess. 

19. A knee joint prosthesis according to claim 10, 
wherein the under surface of the tibial component has 
at least one boss projecting therefrom for enhancing 
the fixation of the tibial component to the tibia against 
movement out of its position as placed. 
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