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Abstract 
The biomechanics of the through-knee 
prosthesis is considered in detail and 
comparisons made with the above-knee case. 
Socket shape and suspension are discussed and 
comment offered on knee function in both 
stance and swing phases. 

Introduction 
The through-knee (TK) is the most distal 

amputation in which normal knee function is 
completely lost by the patient on the amputated 
side. I n biomechanical terms the problems are 
very similar to those of the above-knee (AK) 
level. There are, however, physical differences 
which may be of considerable importance in the 
prosthetic procedure. The end of the stump is 
composed of tissue normally adapted to weight-
bearing in the kneeling position. A long lever 
arm is available for the exertion of control forces 
by the hip muscles and the muscles themselves 
are, for the most part, intact and operating in a 
physiological condition. 

The biomechanics of the A K prosthesis is well 
documented and understood (Radcliffe, 1970 
and 1977), while relatively little attention has 
been paid to the biomechanics of the TK. I t is, 
therefore, useful to view the problems in terms 
of the differences which may exist between this 
level and the A K case. 
Socket 
The design of any prosthetic lower limb socket 
must take into account those forces which wil l be 
applied between prosthesis and stump during 
walking. I t must provide for the application of 

these forces in such a way that load is transmitted 
to pressure tolerant areas while avoiding 
pressure sensitive. I t must also be fashioned to 
apply these forces to tissues of varying stiffness, 
avoiding excessive pressure on the stiffer tissues 
and minimizing unwanted relative motion due to 
the excessive compression of soft tissue (Hughes 
1983). 

A good T K stump can take the largest part of 
the vertical support load on the end-bearing 
surface instead of, as in the case of the A K 
stump, requiring transmission of load to the 
pelvis by way of the ischium and gluteal muscles. 
In the medio-lateral plane, the body weight 
does, of course, exert a toppling effect about the 
point of support, during the stance phase (Fig. 
1). This toppling effect is approximately equal to 
that which would be experienced were the 

Fig. 1. TK socket—forces in the frontal plane during 
stance phase. 



support ischial and gluteal, as the support point 
is in almost the same vertical line. The summated 
effects of the lateral and medial stabilizing forces 
wi l l , therefore, be required to act in the same 
general area, i.e. the lateral wi l l be distal and the 
medial proximal. Because of the greater length 
of stump, compared to the A K , the area 
available to apply the forces is increased, 
implying lower contact pressures between socket 
and stump. Further, the greater stump length 
increases the couple arm attainable between the 
summated force effects therefore reducing their 
magnitude and further reducing the pressure. 

The application of these forces is an important 
factor, in the design of the socket. I f the lateral 
wall of the socket is not fitted properly to 
transmit force L (visualize the situation where 
there is a space between the stump and the 
socket wall) then the force wil l be transmitted as 
a shear force in the tissue of the end of the stump. 
This is because the end of the stump wil l still be 
forced into contact with the socket by the 
support force. 

Figure 2 demonstrates the importance of 
designing the socket to transmit the medial 
proximal stabilizing force, M. Figure 2 (left) 
shows the situation in an A K socket where the 
support point is in the region of the ischial 
tuberosity. There wi l l be a tendency for the 
socket to rotate about this support point. This in 
turn wi l l tend to move the socket relative to the 
femur at its distal end. Therefore the femur must 
be properly stabilized in the socket. However, in 
the case of the knee-disarticulation prosthesis 
(Fig. 2 right) since there is usually no ischial 
support, the rotation wi l l tend to take place 
about the support point at the end of the stump. 

Ineffective stabilization wi l l lead to relative 
movement between the socket and the top of the 
femur producing a fleshy " r o l l " . Therefore, the 
force M must be applied in such a way as to avoid 
creating painful pressure and there should be a 
generous flare at the medial proximal brim to 
minimize the " r o l l " . 

Figure 3 shows the force pattern early in stance 
phase in the plane of progression. To maintain 
stability the resultant force, R, between ground 
and foot must pass in front of the knee joint 
otherwise the external force wi l l tend to flex the 
knee. The amputee may influence the line of 
action of this force by extending his hip and 
"digging" his heel into the floor. This wi l l have 
the result of reducing R H , the horizontal 
component of R and thus changing the slope of R 
so that its action line is more anterior. 
Consequently the socket must be designed to 
allow the transmission of this extension moment 
(that is to transmit force on the anterior proximal 
and posterior distal aspects). 

I n the swing phase, (Fig. 4 ) , the forces tending 
to pul l the socket off the stump—due to gravity 
and inertia—may be balanced by fitting the 
sockets over the flare of the condyles. In most 
sockets manufactured from a "window" is 
provided to allow the bulbous end to pass the 
narrow area above the condyles. This "window" 

Fig. 2 . Comparison of AK (left) and TK (right) sockets 
illustrating rotational effects about the point of 

support. 
Fig. 3 . TK socket—forces in the sagittal plane during 

stance phase. 



wi l l be placed on the medial side to avoid the 
area which must transmit the lateral stabilizing 
force, L. I t wi l l be seen from Figure 5 that the 
support force by the condyles during the swing 
phase wi l l tend to displace the plate used to close 
the "w indow" . A strap must be fitted to provide 
a horizontal force pulling the plate into the 
window and allowing the solid part of the socket 
to exert a balancing downward force on the 
plate. 
Knee function 

The functional loss suffered due to the 
absence of the normal knee joint is considerable 
for the T K amputee as it is for the A K . The knee 
jo int is capable of a large range of motion, 
actuated by powerful muscle groups, and is of 
great functional importance in normal 
locomotion (Hughes, 1970). Restoration of 
locomotion may only be achieved by an 
adaptation in gait, optimum utilization of 
remaining musculature and the provision of 
passive mechanisms. The biomechanical 
problem may be considered in terms of (a), the 
stance phase and (b), the swing phase. Although 
the problems are the same as for the A K 
amputee (Radcliffe, 1977), it is useful to 
summarize them briefly to set the scene for the 
prosthetic procedures at this level. 
Stance phase 

The requirement is for stability at heel strike 
and as the body weight progresses over the 

support point, coupled with an ability to initiate 
flexion, preparatory to swing through. I t is 
possible to provide these actions in some 
measure, and under voluntary control, by hip 
action—extensor muscle action at the hip can 
maintain knee extension and knee flexion may 
be initiated by hip flexor muscle action. There 
are basically three ways in which stability may be 
provided mechanically for the amputee who has 
a prosthesis with a " f ree" (articulated) knee. 
Firstly, the knee may be aligned in such a 
position that it lies behind the load line from hip 
to foot—causing the resultant force to pass in 
front of the knee joint and therefore render it 
inherently stable. Secondly, a so-called 
stabilizing device may be provided which 
develops, as a result of axial load applied to the 
prosthesis, a moment at the knee opposing 
mot ion. Thirdly, a polycentric knee device may 
be supplied. This raises the instantaneous centre 
of rotation of the thigh and shank in the 
extended position. The effect is to reduce the 
moment required of the hip to maintain stability 
in a potentially unstable situation. Of these 
three, only the last does not, theoretically, make 
i t more difficult to initiate flexion in the later part 
of the stance phase. 
Swing phase 

There are two problems facing the T K 
amputee in the swing phase. These are 
replacement of quadriceps function in 
decelerating the upward movement of the shank 
after toe-off (avoiding excessive heel rise) and 
replacement of hamstring function in 
decelerating the shank in the later part of the 

Fig. 4 . TK socket—forces in the frontal plane during 
swing phase. 

Fig. 5 . TK socket—forces on the medial plate during 
swing phase. 



SWING PHASE (AVOIDING "SLAMMING" INTO FULL 
EXTENSION). 

THESE FUNCTIONS CANNOT B E EFFECTIVELY 
PROVIDED UNDER THE VOLUNTARY CONTROL OF THE HIP 
MUSCLES BUT CAN B E PASSIVELY REPRODUCED BY 
MECHANISMS WHICH DEVELOP A MOMENT AT THE 
KNEE, RESISTING MOTION. SUCH A MECHANISM MAY 
OPERATE B Y THE DEVELOPMENT OF MECHANICAL 
FRICTION IN WHICH CASE IT WILL BE SUITABLE FOR ONLY 
ONE RATE OF CADENCE SINCE THE FRICTION EFFECT WILL 
CORRESPOND TO ONLY ONE INERTIA CONDITION. 
ALTERNATIVELY THE RESISTING MOMENT MAY BE 
PRODUCED PNEUMATICALLY OR HYDRAULICALLY IN 
WHICH CASE AN AUTOMATIC ADJUSTMENT TO DIFFERENT 
RATES OF OPERATION IS INHERENT, AND OF A 
PARTICULARLY SUITABLE CHARACTERISTIC IN THE LATTER. 
ADDITIONALLY THERE MAY BE AN ELASTIC MEMBER 
BIASED TO MAINTAIN KNEE EXTENSION. THIS AIDS IN 
RESISTING EXCESSIVE HEEL RISE AND INITIATING SWING 
THROUGH BUT INCREASES THE RATE OF EXTENSION AND 
SO AGGRAVATES THE PROBLEM AT THE END OF THE SWING 
PHASE. 

EXAMINATION OF THE FUNCTIONAL REQUIREMENTS OF 
THE STANCE AND SWING PHASES SHOWS THAT CERTAIN 
FUNCTIONS MAY BE CONTROLLED OR PROVIDED BY THE 
HIP MUSCULATURE, WHEREAS OTHERS REQUIRE THE 
PROVISION OF MECHANICAL DEVICES—FOR THE 
MEANTIME AVAILABLE DESIGNS ARE ALL PASSIVE IN 
NATURE. FURTHERMORE, THE PROBLEMS ARE EXACTLY 
THE SAME AS IN THE CASE OF THE A K AMPUTEE. IN 
TERMS OF THOSE FUNCTIONS REQUIRING THE USE OF THE 
HIP MUSCLE GROUPS, THE T K AMPUTEE IS 
PRESUMABLY AT AN ADVANTAGE OVER THE A K 
BECAUSE OF THE PHYSIOLOGICAL INTEGRITY OF THE THIGH 
MUSCLES AND THE LENGTH OF LEVER ARM AVAILABLE. ON 

THE OTHER HAND, BECAUSE OF THE PHYSICAL 
RESTRICTIONS IMPOSED ON THE PROVISION OF 
MECHANICAL DEVICES, HE IS IN A LESS ADVANTAGEOUS 
POSITION. THE FEMORAL CONDYLES ARE INTACT AND 
MAY HAVE THE PATELLA SUTURED DISTALLY. THUS THE 
ANATOMICAL KNEE "CENTRE" IS CONSIDERABLY ABOVE 
THE END OF THE STUMP. THE MEDIO-LATERAL WIDTH 
OVER THE FEMORAL CONDYLES IS ANATOMICALLY 
NORMAL. THUS THE SPATIAL DISTRIBUTION AVAILABLE 
FOR THE PROVISION OF DEVICES IS, AT BEST, RESTRICTED. 

Summary 
IN CONCLUSION THE T K AMPUTEE IS VERY SIMILAR 

BIOMECHANICALLY TO THE A K . THE SOCKET 
PROBLEMS ARE APPARENTLY SOMEWHAT REDUCED WITH 
GOOD END-BEARING AND LARGE STABILIZING AREAS. 
THE FUNCTIONAL REPLACEMENT, REQUIRED DUE TO THE 
LOSS OF THE KNEE JOINT, PRESENTS THE SAME PROBLEM 
AS FOR THE A K , WITH ENHANCED HIP CONTROL 
POTENTIAL, BUT LIMITATIONS IN THE PROVISION OF 
MECHANICAL DEVICES IN TERMS OF THE RELATIVE 
PHYSICAL RELATIONSHIP OF STUMP AND PROSTHESIS. 
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