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No other splint material works so easily. 
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VELCRO® Splint Strap 
Fasteners. Attach instantly, 
provide complete adjustability. 

THE FACTS: 
VELCRO Hook and 
ers for secure hold • Use with pre­
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als, arm boards • Long life permits 
repeated splint removal for exam 
• Presure sensitive adhesive back­
ing for instant attachment • Permits 
convenient splint removal and re­
placement • Strap remains attached to 
the splint eliminating the need for new 
tapes. Contact your supplier today. 
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A CHALLENGE 

The professions of prosthetics and orthotics have constantly improved since the 
days of the armorer and the blacksmith. The credit for this constant development 
must go to the prosthet ic/orthotic educational programs, which have not only in­
creased our professional knowledge and skills, but have improved our communica­
tions skills as well. 

Today ' s highly successful practitioners, as a group, are more expert in patient 
management than they are in fabrication techniques. They have a thorough 
clinical knowledge of anatomy, physiology, kinesiology, and biomechanics. They 
deal competently with engineering concepts. 

These practitioners have learned through years of experience, as well as through 
formal and informal educational programs, such as short term courses and presen­
tations at our national and regional scientific sessions. 

Most people learn by trial and error — if they survive long enough. However, 
the learning process can be shortened through formal education, which will be re­
quired of budding practitioners as of 1980 . 

W e have discussed at length the benefits of formal education at the baccalaureate 
level in prosthetics and orthotics. W e have beaten, skinned, and dried that mule. It 
is time for us to stop talking and start doing. 

W e must get on with the task of finding something to pull our wagon down the 
road of continually improved devices and better service for the handicapped citi­
zens of this nation. W e should all support the existing educational programs and 
encourage other medical schools to begin baccalaureate degree programs in pros­
thetics and orthotics. 

Bernard Simons 





PNEUMATIC SUPRACONDYLAR 
SUSPENSION FOR KNEE-

DISARTICULATION PROSTHESES 

A . Bar , B . S c . 1 

R. Seliktar, P h . D . 
Z . Susack, M . D . 3 

There is considerable controversy over 
through-knee amputations due to the techni­
cal complexity of the prosthetic fitting. The 
biomechanical advantages, however, result­
ing from knee disarticulation in provision of 
an end, or load-bearing, stump overrule all 
other considerations. W e therefore believe 
that knee disarticulation should be preferred 
over above-knee amputations whenever this 
is possible ( 2 ) . 

The two major sources of problems in 
through-knee ( T . K . ) amputations are the 
lack of space below the stump for installa­
tion of a conventional or controlled knee 
mechanism and the broad femoral condyles 
which impose severe socket design limita­
tions. The shape of the stump requires the 
use of either a leather corset type of socket or 
a hard socket with a flexible or open area at 
the supra-condylar region, so as to enable 
passage of the wide bony end of the stump 
(femoral condyle) . The leather socket is dis­
appearing gradually from prosthetics prac­
tice due to its disadvantages of too much 
flexibility of the socket as a whole, and tight­
ness resulting from use of laces, which causes 
muscle atrophy. The hard (fibre reinforced 
plastic) socket is gaining popularity but the 
procedure for fabrication involves various 
casting stages including a flexible silicone 

rubber window with a hard flap for tighten­
ing, and therefore is rather complex and re­
quires special skills. Due to the flexibility of 
this arrangement and inaccuracy in the pro­
duction process, significant "piston" action 
may occur during gait. 

The use of surgical techniques by which 
the width of the condyles is reduced is con­
tradictory to the end-bearing concept. Re­
duction of the load-bearing area increases 
the interface pressures to a point that it is not 
comfortable for the patient to support him­
self on the end of the stump. 

This paper describes a technique that uses 
inflatable pneumatic bags fitted inside the 
socket at the supracondylar region to pro­
vide a practical means of suspension. 

Method 

In the first prototype, the conventional 
technique for plastic socket fabrication was 
employed. A plaster cast of the stump was 
produced. "Pe-Lite" was used for an inner 
lining of the hard socket and two shaped 
rubber bags were designed to engulf the 
narrow supracondylar neck of the "Pe-Lite" 
socket. The outer hard socket, therefore, ob­
tained a more cylindrical shape and allowed 
free passage of the femoral condyles when 
the bags were deflated. The two bags (Fig. 1) 



Fig. 1. The pneumatic rubber bags and the bulb. 

Fig. 2. Schematic drawing of the socket during 
use. Parts: 1. The bulb (hand pump), 2. Valve, 3. 
Hard-fiber-reinforced plastic socket, 4. Rubber 
tube, 5. Lateral bag, 6. Mainfold, 7. Medical bag, 
8. Inner (Pe-Lite) lining. 

were fitted between the socket and the liner, 
one on the medial side and one on the lateral 
side as illustrated in Figure 2 . The bags were 
connected via a three-way manifold and a 
rubber tube fitted with a manually operated 
valve to a pneumatic bulb (hand pump). The 
bulb, valve, and tubes were taken from a 
standard blood pressure cuff (5) . 

The amputee inserts his stump into the 
socket and after finding the correct position 
inflates the bags. The Pe-Lite liner is com­
pressed against the stump and the condyles 
are locked into place. The liner assists in 
spreading the pressure of the bags over a 
larger area of the stump (4) . The pressure in 
the bags can be adjusted by the amputee and 
once the desired pressure has been reached, 
the valve can be locked and the bulb 
removed. T o remove the prosthesis, the am­
putee opens the valve to let the bags deflate. 

The advantages of the proposed technique 
are the following: 

1. Good grip of the socket over the stump 
and thus reduced "piston" action. 

2 . Easy and quick assembly of the pros­
thesis. 

3. A good fit and large range of adjusta­
bility to variations in the stump volume due 
to climatic changes, weight variation, and 
edema. 

4 . Even pressure distribution in the vicin­
ity of the bags and, therefore, elimination of 
stress concentration on the soft tissue and re­
duction of the risks of developing pressure 
sores. 

5. Abili ty to reduce pressures on the 
stump during prolonged sitting by deflating 
the bags temporarily, without the necessity 
to undress to remove the leg. 



Evaluation of the Concept 
A preliminary study was conducted to 

evaluate the concept with special emphasis 
on the "piston" action phenomenon. At this 
stage only one patient had been fitted with 
an " O H C " knee-disarticulation prosthesis 4 

(four-bar knee joint with a Dynaplex hy­
draulic unit) (3) employing the proposed sus­
pension technique. The patient was a 38 -
year-old war veteran, who had used a pros­
thesis for 2 1/2 years, and was a current user 
of the " O H C " prosthesis. 

A comparative study between the per­
formance with the conventionally fitted 
socket and the experimental socket was car­
ried out with respect to three points: 

1. Relative displacement between the 
stump and the socket during gait. 

2 . Convenience especially in donning and 
removing the prosthesis. 

3. Adequacy of fitting. 
The relative movement between the stump 

and socket was measured by taking X-rays 
(1) of two simulated gait positions (Figs. 3-
6 ) : 

1. When the prosthesis was bearing all of 
the weight of the patient. 

2 . When the prosthesis was suspended on 
the stump and the other leg was bearing all 
of the weight of the patient. 
Although this approach disregards the ef­
fects of inertia and the dynamics of the walk­
ing cycle, it can provide significant informa­
tion on the "piston" action. The X-rays also 
provided information in relation to the geo­
metrical match between the socket and the 
stump. Figures 3 and 4 illustrate the locking 
action which the bags apply to the femoral 
condyles. By comparing these results to the 
ones in Figures 5 and 6 which illustrate the 
same positions with the conventionally fitted 
prosthesis, it is evident that the relative 

Fig. 3. X-ray of the new socket with both legs 
bearing weight. 

Fig. 4. X-ray of the new socket when the prosthe­
sis is not bearing weight. 



movement is far less with the pneumatic sus­
pension. 

The displacement which was measured 
from the X-rays was 42mm with the conven­
tionally fitted technique and only 23mm 
with the pneumatic bags. The patient's sub­
jective opinion was that during movement 
there was far less "piston act ion" than with 
his previously fitted prosthesis. This , in his 
opinion, improved his gait performance. 

The patient was also filmed by a television 
system and video-tape-recorder with slow 
motion facilities, and the ground forces ap-

plied by both his feet during gait were re­
corded by two "Kistler" force plates. The 
T . V . and force records will not be discussed 
here since they require further exploration. 

Conclusions 

From the limited evaluation of the con­
cept, it was evident that the suspension of 
the prosthesis was improved considerably by 
use of the pneumatic system. As a conse­
quence the kinematic features of gait were 
improved. The pressure distribution on the 
stump was assessed subjectively by the pa­
tient and he commented on a more uniform 
distribution with this arrangement. 

It is recognized that the analysis is rather 

Fig. 6. X-ray of the conventional socket when the 
prosthesis is not bearing weight. 

Fig. 5. X-ray of the conventional socket with both 
legs bearing weight. 



limited at this stage but a further study with 
a larger group of patients is now being 
planned. 

A c k n o w l e d g e m e n t 

The study was conducted at the Depart­
ment of Bio-Medical Engineering in the 
Technion-Israel Institute of Technology and 
the Biomechanics Unit of the Loewenstein 
Rehabili tation Hospital. The prosthetic fa­
cilities were provided b y "Gapim" Ltd. and 
the bags were manufactured by "Franz Levi" 
Ltd. 
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VAPC PRESCRIPTION PROCEDURES FOR 
KNEE ORTHOSES AND 

KNEE-ANKLE-FOOT ORTHOSES 

by Gustav Rubin, M . D . , F A C S 1 
Malcolm Dixon, B . S . , M . A . , R P T 2 
Michael Danisi, C . O . ' 

It is the purpose of this paper to present 
the V A P C Clinic Team's approach to the 
prescription of knee orthoses (KO's) and 
knee-ankle-foot orthoses (KAFO's ) . 

T o conform to recently accepted proce­
dure the use of eponyms has been avoided 
wherever possible. Because the total elimina­
tion of eponyms from orthotic literature is 
still in transition, the parenthetical inclusion, 
such as the term, "Swedish Knee Cage" (Fig. 
1 ) , will be noted in the K O - K A F O chart (Fig. 
2 ) . This is, as indicated, a metal "rigid three-
point pressure K O " (1) and should be dis­
tinguished from a plastic contoured "rigid 
three-point pressure K O " such as the IRM 
S K K O ( 2 ) shown in Fig. 3. 

In the accompanying K O - K A F O chart the 
authors have placed emphasis upon the 
knee. As Viel has indicated the "key problem 
remains knee stability" (14) . A F O and shoe 
component charts (Figs. 4 & 5) have been in­
cluded, which, with the K A F O chart, aid in 
the representation of a total K A F O orthotic 
system. 

Evaluation Procedure 

The development of an orthotic prescrip­
tion proceeds through several stages: 

1. Patient's History 

Fig. 1. Lateral view of the "Swedish Knee Cage." 



Fig. 2. Prescription Procedures for Knee Orthoses and Knee-Ankle-Foot Orthoses for Adults 



Fig. 3 . T h e S K Knee Or thos i s developed at the In­
stitute for Rehabi l i ta t ion Medic ine 

2. Physical Demands of Patient's Voca ­
tional and Recreational Pursuits 

3. Physical Status 
4 . Gait Characteristics 
5. Determination of Functional Require­

ments of Components 
6. Selection of Components 
7. Discussion with the Patient to Obtain 

His Acceptance of the Prescription 
8. Prescription of the Orthosis 

History 

Information should be elicited about the 
character of the terrain where the patient 
will walk and, when indicated, frequency 
and duration of clonic episodes, conditions 
within the home environment (stairs, e tc . ) , 
age, general health and past experience with 
orthoses. 

Physical Demands of the Patient's 
Vocat ional and Recreational Pursuits 

These factors will directly influence selec­
tion of components . An example of this con­
sideration is given later. Most patients pre­
sent unique problems which can be evalu­
ated only on an individual basis. 

Physical Status 

When clinically indicated, a referral to an 
internist for an examination including car­
d iopu lmonary evaluation should be made, 
especially when a great amount of effort will 
be required, as with bilateral K A F O ' s . 
Neuro-musculo-skeletal evaluation includ­
ing the conditions of joints and their sup­
porting structures should be given particular 
attention by the Clinic Team. Other consult­
ants should be called upon for opinions 
where necessary, as, for example, derma­
tologists. 

Gait Characteristics 

The patient who can ambulate or stand 
should be required to do so, even if assist­
ance or parallel bars are needed. The prob­
lems that are manifested, in association with 
the findings of the first three stages, will lead 
the Clinic Team directly to the next stage, 
determination of the functional requirements 
of the orthoses. 

Determination of the Functional 
Requirements of the Components Needed 

The format developed by McCollough (1) 
is very useful. He suggests the use of the fol­
lowing symbols "to indicate desired control 
of designated function": 



Fig. 4. Prescription Procedures for Ankle-Foot Orthoses 



Fig. 5 . Shoe Components for Lower-Limb Orthoses 



F = FREE — Free motion. 
A = A S S I S T — Application of an ex­

ternal force for the purpose of increasing the 
range, velocity, or force of a motion. 

R = R E S I S T — Application of an ex­
ternal force for the purpose of decreasing the 
velocity or force of a motion. 

S = S T O P — Inclusion of a static unit to 
deter an undesired motion in one direction. 

v = Variable — A unit that can be ad­
justed without making a structural change. 

H = H O L D — Elimination of all motion 
in prescribed plane (verify position). 

L = L O C K — Device includes an op­
tional lock. 

The authors use in a clinical trial a stock 
shoe clasp or a stock polypropylene A F O to 
aid in evaluation of the anticipated response 
to AFO ' s . This is particularly helpful to de­
termine if spring loading will precipitate 
clonus when mild to moderate spasm exists. 

Selection of the Most Desirable Components 
For the Individual Patients 

This decision will take into account not 

only the function of the components but also 
the weight, cosmesis, and sturdiness of the 
materials. A 118-lb . city-dwelling female 
will usually require a different prescription 
for the same condition than would a 250- lb . 
male farm worker. For the farm worker, in 
contrast to the city dweller, it would usually 
be advisable to sacrifice cosmesis for 
strength and durability of components . As 
indicated above, the A F O components (Fig. 
4) and the shoe components (Fig. 5) have 
been charted separately and those charts 
should be used in conjunction with the 
K A F O chart to arrive at a prescription. 

Discussion With the Patient 

The prescription developed by the Clinic 
Team should be discussed with the patient to 
obtain his cooperation. When possible, a de­
vice similar to that planned for him should 
be shown to the patient. He may refuse to 
accept change and prefer to continue with an 
orthosis of a type to which he is accustomed 
rather than a more modern orthosis. Pre­
scription over the patient's objection will al­
most invariably lead to rejection. 

Fig. 6. Knee Or thos is with Offset Knee Joints 



Prescription 

When all of the factors discussed above 
have been considered thoroughly the pre­
scription will usually "fall into place." 

KO's and KAFO's 

The following orthoses are discussed brief­
ly in the order in which they are referred to 
in Figure 2 . 

Rigid Three-Point Pressure K O (Figs. 1) 

There are several variants of this K O . The 
simplest is of metal and fabric, the metal 
rigid three-point pressure K O (Fig. 1 ) . Ex­
amples of plastic "rigid three-point pressure 
K O ' s " have been demonstrated by Lehneis 
(1) (the I R M S K K O ) , (Fig. 3) and by Nitschke (the P T S K O ) (1) . The metal device is 
available commercial ly and the latter two re­
quire custom fabrication. The area of 
clinical application of these orthoses is de­
scribed in the chart. Their principal function 
is to limit knee hyperextension by virtue of 
the three-point pressure design. The mediolateral support that is provided by rigid or­
thoses of this type is only present in the hyperextended position. As soon as knee flex­
ion occurs the effectiveness of the M-L sup­
port is lost. 

K O With Offset Knee Joints or 
Knee Locks (Figs. 6 and 7) 

These may be used to stop or lock the knee 
to control hyperextension. If the knee hyper­
extension is between 5 deg. and 15 deg. the 
offset knee joints may be satisfactory and a 
trial with offset joints should be made since 
knee motion will be retained. If these joints 
are not adequate, i .e., if the knee is in slight 
flexion, or in excessive hyperextension, it 
will be necessary to use knee locks. For the 
offset knee joints to function properly and 
prevent knee collapse in flexion several pre­
requisites must exist, 1) the knee must hyper-
extend at least 5 deg., 2) there should be no 
hip flexion contracture, 3) there should be no 
ankle dorsiflexion deformity, and 4) there 

should be adequate power from the gluteus 
maximus and the soleus. 

Knee Stabilizing A F O (Fig. 8) 

This design is designated an A F O because 
no component of the orthosis crosses the 
knee joint ; nevertheless, its principal action 
is on the knee joint (9), and it, therefore, is 
included here. It may be used if, in addition 
to the need for knee stabilization, there is a 
concommitant requirement for an ankle or­
thosis. The ankle orthosis should 
incorporate a dorsiflexion stop adjusted in 
plantarflexion to produce a knee extension 
force. There must also be an absence of hip 
flexion contracture as well as retention of 
fair hip extensor power (7). The authors pre-

Fig. 7. Knee Orthosis With Knee Joint Lock 



Fig." 8. A n k l e Foot O r t h o s i s Designed to P r o v i d e S tab i l i za t ion A b o u t the 
Knee 

Fig . 9. A Knee Or thos is made of elastic fabr ic , 
k n o w n as the Spiral K O 

fer to use this orthosis when quadriceps 
power is rated not less than "poor" and with 
an intact opposite lower limb. When the in­
dications for its use are present, this orthosis 
allows the patient to retain an important 
freedom, knee motion. It is useful when mild 
or moderate knee flexion instability is pres­
ent. 

The Spiral K O (Fig. 9) 

The Spiral K O is an elastic fabric K O rein­
forced with flexible stays. It is useful only for 
mild instability and functions primarily as a 
"reminder" type of orthosis, i .e., as the pa­
tient ambulates the restraints introduced "re­
mind" him to bring his knee to full extension 
on weight-bearing, and thereby stabilize the 
knee. Its presence also "reminds" the patient 
to favor the knee when it is used for mild 
medio-lateral instability. The stays add only 
minimal resistance to knee instability. 

Polypropylene K O (Fig. 10) 

This orthosis (2) includes the unique fea-



ture of suprapatellar-cuff suspension in the 
manner of the cuff suspension of the P T B 
prosthesis. It can be fabricated with drop 
locks at the knee for moderate or severe flex­
ion instability. When used to resist mediolateral ligament laxity, a knee lock is unne­
cessary except in extreme cases. 

Double-Bar or Single-Bar K A F O (Fig. 11) 

Traditionally this is the term used to de­
scribe a K A F O fabricated with either alumi­
num or steel medial and /o r lateral bars, 
with or without (as specifically indicated) an 
ankle joint, and with either a solid stirrup or 
a split stirrup. Offset knee joints or knee 
locks may be used. Variants may employ all 

Fig, 10 . A polypropylene knee-orthosis devel­
oped at the V A P C . This model has a knee lock. 

Fig. 1 1 . Single ba r knee-ankle-foot orthosis devel­
oped at the V A P C . 



Fig. 12. An all polypropylene knee orthosis is shown in the left and center photographs. A convention­
al metal knee-ankle-foot orthosis is shown in the photograph on the right. 

p o l y p r o p y l e n e (F ig . 12 ) , p o l y p r o p y l e n e a n d 
p o l y e t h y l e n e ( F i g . 1 3 ) , p n e u m a t i c k n e e j o i n t 
l o c k s ( F i g . 14 ) , o r a K A F O o f p o l y p r o p y l e n e 
p l u s a shoe c lasp ( F i g . 1 5 ) . 

H i n g e d E las t i c K O ( F i g . 16) 

T h e h i n g e d e l a s t i c K O is s l i g h t l y m o r e ef­
f e c t i v e f o r r e s i s t a n c e t o m e d i o - l a t e r a l k n e e 
l i g a m e n t l a x i t y t h a n is the s p i r a l K O , a n d is 
u s e d i f the c o m p l a i n t s are m i l d . T h e 
i m p r o v e d r e s i s t a n c e t o M - L d i s p l a c e m e n t 
a n d the a d d i t i o n o f l i m i t e d A - P d i s p l a c e m e n t 
r e s i s t a n c e a re a c h i e v e d w i t h h i n g e d m e d i a l 
a n d l a t e r a l m e t a l s t r u t s a n d k n e e l o c k s . 
T h e s e p r o v i d e res is tance r e s t r a i n t s r a t h e r 
t h a n t r u e l o c k i n g because o f the e l a s t i c i t y o f 
the c u f f s . 

D o u b l e A n t e r i o r L o o p K O 
( L e n o x H i l l D e r o t a t i o n O r t h o s i s ) ( F i g . 17) 

T h e d o u b l e a n t e r i o r l o o p K O is e s s e n t i a l ­
l y a m e t a l K O f a b r i c a t e d t o p r o v i d e res is t ­
a n c e t o m e d i o - l a t e r a l d i s p l a c e m e n t a n d l i m ­
i t e d r e s i s t a n c e t o a n t e r o p o s t e r i o r p l a c e m e n t 
d u e t o l i g a m e n t l a x i t y . A s t o p t o A - P d i s ­
p l a c e m e n t is a d d e d w h e n k n e e l o c k s a re e m ­
p l o y e d . S u s p e n s i o n is a c h i e v e d b y t h e use o f 
c i r c u l a r l a t e x - r u b b e r s t r a p s , a d i s a d v a n t a g e 
w h e n c i r c u l a t o r y o r e d e m a p r o b l e m s are 
p r e s e n t . 

P l a s t i c " S h e l l " K O ( F i g . 18) 

T h e p l a s t i c " s h e l l " K O is a c u s t o m m a d e , 
c o n t o u r e d s o l i d k n e e o r t h o s i s p r o v i d i n g 



knee immobilization. The figure shows the 
minimum length of this device that was ade­
quate in the illustrated instance. T o achieve 
maximum efficiency the orthosis should 
reach as far as possible proximally and distally and yet allow hip and ankle motion. 
Suspension is achieved by contouring the or­
thosis over the suprapatellar area and above 
the flare of the femoral condyles. 

Ischial Ring K A F O (Fig. 19) 

This double bar K A F O utilizes a knee lock 
and limited-motion or locked ankle joints to 

achieve direct weight transmission from the 
ischial tuberosity to the floor. If weight-
bearing is accomplished efficiently on the is­
chial seat, the hip joint can be at least par­
tially protected against vertical impact 
trauma. The difficulty with this orthosis is 
that many patients will not tolerate the re­
quired extent of localized pressure on the is­
chial tuberosity and will release the anterior 
strap of the orthosis to allow the ischial tub­
erosity to slip forward and down (4). 

Double-Bar K A F O With Dial Knee (Fig. 20) 

The Dial Knee is employed to achieve 
gradual correction of a knee flexion contrac­
ture which is still amenable to correction 
and not rigidly fixed. T h e dial permits the 
knee to be locked into increasingly greater 
degrees of extension. 

Double-Bar K A F O With Knee Flexion Stop 
And Extension Aid (Fig. 6) 

This orthosis is useful for unilateral knee 
flexion instability, in the presence of poor or 
absent quadriceps function and an intact op­
posite extremity. A flexion stop at no more 
than 60 deg. will give the patient an oppor­
tunity to recover from sudden knee flexion 
collapse, and the extension aid, plus gravity, 
will then help him restore stability by bring­
ing the leg to extension against the stop of 
offset knee joints (Fig. 6) (13) . 

The Quadrilateral Socket K A F O (Fig. 21) 

This design provides ischial, gluteal, and 
proximal thigh-bearing; i .e., the socket, as it 
encompasses the thigh, provides supportive 
features. The upward forces on the hip joint 
are therefore greater than in the case of a 
properly worn ischial ring orthosis, and tol­
eration by the patient is also greater. This or­
thosis is useful for partially unweighting the 
femur just below the hip, and useful to a 
more limited degree for unweighting the hip 
joint itself (7). 

As indicated in Sect ion G of Figure 2, un­
der the column labeled "Elaboration," when 
a lesser degree of unweighting is required 

Fig. 13 . A polyethylene K A F O with metal jo ints . 



Fig. 14. The ORTHO-WALK pneumatic orthoses 

than would be provided with the quadrilat­
eral socket K A F O , a gluteal corset K A F O 
may be employed. When the patient has 
good control of extensor power at the knee, 
offset knee joints can be used. Otherwise the 
orthosis should be fabricated with knee 
locks. The orthosis illustrated in Figure 22 
was fabricated for a patient who could not 
wear the P T B orthosis because of peri­
pheral neuritis and absence of sensation in 
the P T B cuff support area. This device is 
quite similar to the immediate precursor of 
the V A P C P T B orthosis (8). 

Bilateral Double-Bar KAFO ' s 
For the Paraplegic (Fig. 23) 

In KAFO' s for the paraplegic patient, the 
knees must locked in the neutral position, 
ankles must be dorsiflexed about 10 deg., 
and the patient must lean his pelvis forward 
and his trunk backward to allow the patient 
to balance with the center of gravity over the 

mid-foot, as illustrated by the Scott-Craig 
orthosis (5, 11) . Because of the retention of 
proprioception the poliomyelitis patient 
knows where his lower limbs are but the 
spinal cord patient must learn to sense posi­
tion, and, as a result "polio patients accomp­
lish greater levels of ambulation than spinal 
cord injured patients with the same motor 
deficit" (3) . 

Single Lateral-Bar Quadrilateral 
Socket K A F O (Fig. 24) 

The single-lateral bar quadrilateral socket 
K A F O is not only useful for the patient with 
hemophiliac knee arthritis (6) as recorded 
on the chart, but, when not used with a 
quadrilateral socket, lightweight patients 
who need bilateral orthoses will frequently 
find single lateral-bar KAFO' s more com­
fortable. The impact of medial bars against 



Fig . 15. A p o l y p r o p y l e n e knee or thos is c o m b i n e d 
w i t h the V A P C shoe clasp type of a n k l e - f o o t o r ­
thosis to p r o v i d e a knee-ank le - foot or thos is . 

Fig. 16. A hinged elastic knee orthosis 

Fig. 17. The Lenox H i l l D e r o t a t i o n O r t h o s i s 

each other is obviated. In the specific in­
stance of the patient with hemophilia, the 
elimination of the medial bar removes a po­
tential source of contusion of the opposite 
l imb. 

In the case of the hemophiliac knee with a 
quadrilateral socket K A F O , it may be found 
worthwhile to hinge the socket laterally 
rather than medially, to avoid the possibility 
of inadvertent contusion against the scrotum 
as the patient swings the socket open, a 
problem which we have encountered. 

Summary 

An attempt has been made to outline in a 
concise form our Clinic Team's basic ap­
proach to lower-limb orthosis prescrip­
tion. The word "basic" should be empha-



sized since the Clinic T e a m does not limit it­
self to the devices described here, but have 
used, at various times, other devices as they 
are reported. These have not been discussed 
since an encyclopedic approach has not been 
attempted. It has been our purpose to pre­
sent our point of view, and, therefore, the 
charts included illustrate the foundation 
upon which we build. They are intended to 
have one function only—that of teaching 
tools. The authors do not presume to in­
struct certified orthotists or physicians with 
long experience in prescription procedures. 
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Fig. 23 . Double bar K A F O ' s for a paraplegic pa­
tient. 

Fig. 24 . T h e patient is wearing a lateral-bar 
K A F O with a quadrilateral cuff on the left side. 
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AN ORTHOSIS FOR A PATIENT WITH A 
FAILED TOTAL HIP-PROSTHESIS 

by Tim Jacobson, B . S . , C O . 1 
Alanson Mason , M . D . 2 

This paper describes the orthotic treat­
ment of an elderly female who lacked a prox­
imal section of the femur and the hip joint on 
the left side. 

Patient History 

Recently, a 65-year-old Caucasian female 
with diabetes was seen who had a chronic, 
recurring problem with her left hip and thigh 
for the past four years. Initially, she suffered 
an injury to the left hip that developed into 
degenerative osteo-arthritis of the hip joint. 
A total hip replacement of the Charnley-
Muller type was provided. 

She did well for a period of nearly two 
years until she fell at work and suffered a 
complex comminuted fracture of the femur 
below the stem of the femoral prosthesis 
which required hospitalization and treat­
ment involving traction. The fracture failed 
to unite, and an intramedullary rod was in­
serted in the femur alongside of the stem of 
the prosthesis. Acrylic cement was used to 
provide additional fixation. 

T h e fracture failed to unite, and the rod 
was removed several months later. Osteo­
porosis of the proximal femur made it ex­
tremely difficult technically to provide ade­

quate immobilization. However, a new pros­
thesis was inserted. 

Ultimately, the prosthesis was removed 
and a new, custom-made prosthesis with an 
extremely long stem was provided (Fig. 1) 
approximately one and one-half years ago. 
The patient did well for a time but gradually 
developed increasing evidence of deep ab­
scess formation and drainage. After repeated 
incision and drainage of recurring abscesses 
in the left thigh and prolonged antibiotic 
therapy over a period of a year, it was con­
cluded that the prosthesis would have to be 
removed before additional treatment could 
be rendered (Fig. 2 ) . 

Coals and Treatment 

It was decided to provide this patient with 
an external orthotic appliance to allow her to 
become ambulatory and as functional as 
possible. 

Following the removal of the final hip 
prosthesis, skeletal traction was applied to 
the proximal tibia, to assist in maintaining 
leg length. The affected limb measured 6 cm. 
shorter than the sound side, at the time that 
orthotic treatment was initiated. The patient 



Fig. 1. X-rays showing the final hip pros­
thesis that was attempted. 

Fig. 2. X-rays of hip region following removal of 
the final hip prosthesis. 

was not obese, and seemed highly moti­
vated. 

T h e design of the orthosis consisted of an 
ischial weight-bearing, adjustable, plastic, 
total-contact quadrilateral thigh section, 
which was to be attached to a knee-ankle-
foot orthosis with offset, drop-lock knee 
joints, free ankle joints and an external pros­
thetic above-knee hip joint with a leather 
pelvic band (Figs. 3, 4 ) . A cast was taken, us­
ing a polyethelene quadrilateral brim, ex­
tending well over the femoral epicondyles. 
Approximately 15 pounds of distraction 
were applied to her affected limb during the 
casting to increase thigh length. 

After the plaster had set, a tracing and 

measurements were taken of the entire limb 
and hip. 

Fabrication 

The thigh section was modified and ten­
sion values established similar to the above-
knee total-contact standards taught at 
Northwestern University. The anterior-pos­
terior dimension (ischium to adductor long-
us tendon) was reduced considerably be­
cause the adductor longus was only partially 
intact. 

The quadrilateral socket was fabricated in 
two sections. The posterior two-thirds was 
an 80 percent rigid—20 percent flexible poly­
ester resin laminated over a previously vac­
uum-formed polypropylene anterior shell. 
The anterior piece was attached laterally by 
three Dacron hinges. Velcro fasteners made 
the anterior-DOSterior dimension adjustable 



to insure a proper placement of the ischium 
on the seat. An above-knee extension adjust­
ment was incorporated in the system. 

The external prosthetic hip joint place­
ment was not critical since there was no ana­
tomical hip joint present. The pelvic band 

was placed high on the illium to create a long 
lever arm from the hip joint axis. 

Results 

After two days of familiarizing herself 
with the orthosis, the patient was able to ne­
gotiate stairs in physical therapy with the aid 
of forearm crutches. She was discharged 
within a week after receiving her appliance. 

The patient has used the orthosis for four 
months in carrying out normal daily activi­
ties which include driving an automobile and 
doing her own shopping. She wears a frac­
ture cast sock on her limb for comfort . Vir­
tually no adjustments to her orthosis have 
been necessary to date. 

Fig. 3. Anterior view of the orthosis. 

Fig. 4. Lateral view of the patient bearing weight 
in orthosis. 



T h e medical opinion for this patient is that 
no further reconstructive surgery be done as 
it is not necessary or possible. The infection 
is under control , and adequate pain relief has 
been achieved. 

Considering the number of total hip sur­
geries currently being performed, it is logical 
to conclude that serious problems will devel­
op from time to time. 

The orthotic system described in this 
paper was successful, and it effectively pre­
vented deformities of the limb frequently as­

sociated with hip reconstructive arthroplasty 
procedures. The orthosis provides a func­
tional, stable, pain-free joint, and would be 
applicable to many postsurgical problems 
that do arise. This orthosis might also be ap­
plicable for stabilization of the limb follow­
ing removal of a segment of the femur secon­
dary to infection or carcinoma. 

Footnotes 

1 Clinical Orthotist, Orthomedics, Inc., North Hol­
lywood, Ca. 

2 Orthopedic Surgeon, Glendale, Ca. 



THE DESIGN AND PRESCRIPTION OF 
ABOVE-KNEE ORTHOSES 
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Hugh Owen Thomas first described his 
caliper in 1899 . It was designed by him, 
made by his smith, and finished by his sad­
dler, using the materials of the day. It made 
no pretense at cosmesis, and being built for 
strength, was no lightweight structure. In 
more recent years, light alloy has been used 
in the fabrication of orthoses, but the basic 
design, with all its virtues, and vices, has re­
mained unchanged. Just as the design has re­
mained static, so the indications for prescrip­
tion have remained uncertain and ill-de­
fined. With the advent of plastics and other 
light-weight materials, with their cosmetic 
advantages, it has become important to de­
fine accurately the indications for the differ­
ent kinds of above-knee orthoses, and to de­
sign each orthosis according to its particular 
function. Not to do so will result in the under-or over-bracing of patients, or the pro­
vision of overweight or understrength or­
thoses. 

It is the purpose of this paper to discuss 
some of the factors involved in above-knee 
orthosis prescription and design, research in­
to which has been carried out by the authors 
at Salford Royal Hospital and the University 
of Salford. 

Technical Considerations 

Above-knee orthoses at present available 

as standard issue items, can be categorized 
simply: 

1. "Tota l" weight-bearing orthosis—such 
as patten-ended ischial bearing orthosis. (It 
must be recognized however, that the weight 
referred to is that of the body ; relief is not 
obtained from internally generated forces 
such as are produced by muscles.) 

2. "Weight-relieving" ring or corset top or­
thosis. The proportion of load imparted to 
the ring or corset top will depend on the ac­
curacy of the fitting, the structure of the is­
chial bearing area, and the length and stiff­
ness of the orthosis. The axial load that this 
type of device is required to carry varies 
from body weight to some unknown partial 
figure, which is believed will give effective 
assistance to a weakened limb. 

3 . " N o n - w e i g h t - b e a r i n g " or " k n e e -
stabilizing" cuff top orthosis, designed pri­
marily to stabilize the knee. 

Load-bearing Orthoses 

From the engineering viewpoint, the main 
force systems on a load-bearing orthosis, 
and a knee-stabilizing orthosis differ funda­
mentally. The axial loading on a load-bear­
ing orthosis may reach 1.2 times body 
weight in the course of normal walking on 
the flat (Fig. 1) . This loading is taken primar-



Fig. 1. The vertical load on a caliper. 

ily by the pad supporting the ischial tuberos­
ity, and passes from thence via the ring or 
corset, down the two sidemembers, to the 
ground (Fig. 2 ) . Some loading may also re­
sult from the wedge fit of the thigh in a cor­
set top. 

Sidemembers are therefore required to act 
as struts; that is, members under compres­
sive load. Because free length is critical in 
strut design, the free length should be as 
short as possible in order to achieve the re­
quired stiffness and thus prevent deforma­
tion under load. Stiffness can also be 
achieved b y fitting a calf band to the orthosis 
structure (Fig. 3 ) , although reliance is often 
placed (or rather, misplaced) entirely on the 
knee restraint in non-articulated designs. 

A structure designed to be weight-bearing 
or weight relieving, should be able to carry 
the maximum expected load, increased by a 
suitable safety factor, to ensure that no fail­
ure under load occurs. The maximum ex­
pected load in normal level walking is 
known; what it becomes when the user hur­
ries, corners sharply, or descends stairs, is 
not, but it will certainly be increased appre­
ciably. Furthermore, the orthosis should be 
designed to be "fail-safe" to prevent injury to 
the user, in case of fatigue failure, for ex­
ample by the provision of independent knee 
locks in each sidemember (5 ,6) . 

Rotational forces may be applied to the 
orthosis by the limb, depending on the gait 
pattern, and the activity of the patient at the 



time. But such forces may also be imposed 
upon the l imb by the orthosis; a sloping is­
chial seat will result in the ischial tuberosity 
sliding distally, which effectively causes the 
l imb to be rotated internally on each heel 
strike. This is not an uncommon finding 
with load-bearing orthoses, and is easily 
overcome by providing a horizontal ischial 
seating, at least 10 cms. long, which allows 
the ischial tuberosity to find its own position 
(Fig. 4 ) . 

Knee-Stabilizing Orthoses 

The structure of the knee-stabilizing or­
thosis has to withstand a force pattern differ­
ent from the load-bearing types (Fig. 2b ) . 
The limb is prevented from deflecting at the 
knee joint, when under load, by simple 
three-point fixation (Fig. 5) , which allows 
body weight to be supported by the skele­
ton. No force is required to maintain the 
knee in its fully extended "locked" position 
when static, but on movement, and with 
knees with fixed angular deformities, consid­

erable force may be required, increasing 
with increased flexion (Fig. 6 ) . It then be­
comes important to consider the whole 
length of the orthosis; the longer the orthos­
is, the less the horizontal force applied by the 
cuff to the thigh, and presumably, the more 
comfortable the orthosis (Fig. 7). 

In engineering terms, a structure which is 
required to stabilize only, should not be 
nearly so heavily loaded as a structure which 
is itself required to carry load. Axial loading 
can be imparted to a stabilizing orthosis by 
the vertical component of the knee restraint; 
more significantly, the longer the orthosis is, 
(i.e. the nearer the cuff top approaches the 
ischial tuberosity( the greater the axial bear­
ing on the orthosis (2) . This relationship is 
not linear, and must of course be a function 
of the fit of the orthosis, and the patient's ac­
tivity. 

A stabilizing orthosis can therefore be 
lighter and simpler in its construction than 
its load-bearing counterpart, but only if its 
length is such that it does not carry any sig-

Fig. 2. Above-knee orthoses as engineering structures. 



Fig. 3 . A calf band. Fig. 4. The effect of weight-bearing 
on an oblique ischial seat. 

nificant vertical load. By the same reason­
ing, a stabilizing orthosis cannot be expected 
to support the patient in the same way as a 
load-bearing orthosis would do, and to ex­
pect it to do so is put the patient at risk. 

It will be apparent from the foregoing, 
that the two types of orthosis are very differ­

ent in function and design. It must also be 
emphasized that whilst the latter will usually 
do the work of the former, the converse is 
not true. 

With the introduction of knee-stabilizing 
orthoses with lighter structures of either met­
al or plastic, a design complication may arise 



which could have undesirable effects on the 
patient. Under load, all structures will de­
flect in proportion to their stiffness. It fol­
lows that if a patient loads an orthosis which 
is not stiff enough for the purpose, the struc­
ture may deflect excessively. This can have 
two effects: 1) Because of the structural in­
stability, the frame is likely to deflect either 
medially or laterally, depending on which 
way the orthosis is originally "set" (i.e. the 
angulation of the sidemembers required to 
accomodate the shape of the l imb). This in 
turn will reduce the support which the struc­
ture would give to the knee joint, e.g. an or-

thosis structure set to accommodate a genu 
valgum will deflect medially allowing the 
knee to deflect with it (Fig. 8 ) . The extent of 
this deflection in the coronal plane can be in 
excess of 3 cms. at the knee on an orthosis 80 
cms. long when the effective length of the or­
thosis is reduced by only a few millimeters. 
2) As the orthosis deforms, more weight will 
be imposed upon the l imb, which is no long­
er effectively supported, and any angular de­
formity of the knee will only increase. 

The technical options are, therefore, two. 
First, the provision of an orthosis designed 
to accept axial loading; second, the provi­
sion of a knee-stabilizing orthosis, which, 
being shorter, allows full weight-bearing on 
the limb, and which therefore can sacrifice 
some strength and stiffness for light weight 
and cosmesis. 

Medical Considerations 

There are many indications for above-
knee bracing, but they can be conveniently 
classified according to the particular func-
tion(s) required of the orthosis. 

1. The Whole Limb 
a) Relief of stress 
b) Correct ion/prevent ion of deformity 
c) Protection 

2. The Joints 
a) Stabilization 
b) Rest 
c) Control of movement (direction, 

range, and rotation) 
Put another way, an orthosis is asked to 
provide two basic functions: regulate angu­
lar movement ; relieve axial loading. The 
former is more or less readily achieved by 
three-point fixation (Fig. 5) , and the use of 
stops to limit the movement at articulations; 
the latter, conventionally, by the provision 
of an ischial bearing orthosis. What seems 
undetermined are the indications for, and 
the amount of weight to be relieved. There 
are accepted, clear indications for "total" 
weight-bearing as provided by a patten-end­
ed orthosis, e.g. in Perthes' disease (al­
though, even in this instance, opinion is di-

Fig. 5 . Three-point fixation. 



Fig. 6. Moments of a short and long knee-stabilizing orthosis. 

Fig. 7. Effect of knee flexion on the force required for restraint. 

vided over its value). There do not seem to 
be the clear indications for the provision of a 
weight-relieving orthosis, but the following 

is suggested as a reasonable classification: 
1. Discontinuity of, or inherent weakness 

in the bony structure of the lower limb; e.g. 



Fig. 8. Effects of loading an inadequately stiffened orthosis. 

ununited fracture, unstable pseudarthrosis. 
2. Gross knee instability, as for example, 

a "Charcot" knee. 
3. Paralytic disease, e.g. poliomyelitis. 
There can be little argument over the first 

group, the only question for discussion 
could be the degree of weight relief afforded, 
and how it can be achieved. Likewise with 
the second group; unless such a joint is re­
lieved of axial load, the deformity will tend 
to increase, requiring much greater, even un­
acceptable forces to restrain it (Fig. 6 ) . It is 
however in the paralytic situations that 
opinion is so uncertain. Sharrard (8) suggests 
that patients with unstable hips due to mus­
cle paralysis can learn to stabilize their hips 
by trick movements, even with very weak 
hip muscles, and that in such cases, a weight-
relieving orthosis is of considerable benefit. 

W e reviewed 36 patients who had had 
poliomyelitis, and whose residual deficits 
were apparent in only one lower limb, and 
an attempt was made to find some relation­
ship between their physical deficits and the 
type of orthosis worn. 

There was no relationship between the 
ability to walk unaided without orthosis, 
and the type of orthosis normally worn 
(Table 1 ) . 

T A B L E 1 



It was assumed that all weight-relieving or­
thoses prescribed were necessary, which 
was, a priori, an unacceptable assumption. 
M o r e reasonable would appear the premise 
that those who could not walk unaided with­
out an orthosis, were more likely to require a 
weight-relieving orthosis, and this appeared 
so. The solitary exception did not differ from 
the others in any significant clinical finding. 
O f those who could not walk unaided, all 
scored less than Grade 2 ( M . R . C . Scale) for 
muscle power of the extensors of the hip, 
knee, and ankle; that is, they had no useful 
active extension in the affected limb. The 
converse was not valid. An undoubted con­
tributory factor to the inability of those pa­
tients to walk unaided, but one which should 
have had no bearing on the question of 
weight-relieving, was that 8 of the 12 had 
fixed equinus deformities, and six had signi­
ficant ( 1 cm) shortening of the affected 
l imb. No other physical finding was constant 
in any particular group of patients. W e con­
cluded that there was no apparent relation­
ship between the physical deficits of these 
patients and the types of orthoses that had 
been prescribed for them, and it is this fact 
which demanded that further investigation 
be made into the function of weight-relieving 
orthoses and the indications for their pre­
scription. 

Prescription Considerations 

In the prescription of lower-limb orthoses, 
it is suggested that the following factors 
should be considered when deciding the type 
to be supplied, having first recognized which 
function will be required of it. 

Body Weight of the Patient 

It would appear self-evident that a 140 Kg. 
patient requires a stronger load-bearing or­
thosis than one of 70 Kg. weight assuming 
all other factors equal. Other factors are not 
usually equal however, and because of this, 

the weight of the patient may be a very unre­
liable guide to the type and strength of or­
thosis required. 

Joint Stability 

The relationship of unstable joints to the 
orthosis is complex, and inextricably related 
to the need to get the center of gravity of the 
body over the area of support during the 
stance phase of gait. Nevertheless, some gen­
eral observations may be made. Firstly, a 
mobile angular deformity of the knee can be 
well controlled by appropriate restraining 
straps. They can impose very significant 
forces on the orthoses, which are greatly in­
creased when the deformity is fixed. Second­
ly, the hip an extend almost 30 deg. before it 
is restrained by the ilio-femoral ligament, in 
the absence of active muscles; an ischial-bearing platform restricts this range b y limit­
ing the downward movement of the ischial 
tuberosity on extension, and therefore helps 
stabilize the hip. 

Physical Exertion 

One might reasonably assume that a 
person who indulges in considerable exer­
tions, e.g. hill-walking, will subject his or­
thosis to more fatigue stresses than the 
young girl who sits in an office all day. Not 
so frequently considered (or encountered) is 
the man who carries bags of cement around 
on his back, and is surprised when his ortho­
sis fails. It is not possible, of course, to take 
account of all such unusual or excessive 
forces, but the point must be made and con­
sidered. Even in everyday living, an orthosis 
is subjected to many "abnormal" forces—de­
scending stairs, (particularly if taken two at 
a time), jumping off a moving bus, swerving 
on the pavement, not to mention the physio­
logical effects of pregnancy. 

Patient Fatigue 

The effect of physical fatigue is rarely 



given adequate consideration. One would 
expect a weak limb to tire more readily than 
the normal one of a pair, but the "normal" 
one, being subjected to more than a fair 
share of the work, may tire first, thus creat­
ing a vicious circle of increasing fatigue. 
Similarly, a fatigued limb could be expected 
to be more dependent on its orthosis, and if 
this is not of an adequate length, strength, or 
stiffness, it will not provide the necessary 
support, and it is in such circumstances that 
one must consider whether a knee stabiliz­
ing orthosis would be adequate for the job , 
or whether a weight-relieving orthosis might 
not be more opposite. 

Age 

It is known that paretic muscles lose more 
power more quickly than normal, with in­
creasing age (1) . Some patients who have 
never had to have a l imb braced may find it 
inevitable as they grow older, and others 
find they require an increasing degree of sup­
port. 

The Opposite Limb 

The contralateral limb is often affected in 
the disease process, too . This inevitably has 
a bearing on the bracing requirements of the 
limb in question, generally resulting in a 
greater degree of support being required. 
Not unreasonably, one might expect the on­
set of fatigue, and the effects of aging to be 
enhanced, and this appears so. 

Psychological Aspects 

Account must be taken of the personality 
of the patient. In some cases, orthoses are an 
encumbrance to be tolerated, and in others, 
their link with normal activity. This is a very 
individual feature, which needs to be under­
stood and considered in the initial prescrip­
tion of an orthosis. 

Conclusion 

It is apparent that in order to prescribe a 
suitable orthosis for any given patient, much 
more information about the patient needs to 
be considered than is often the case. Further­
more, the effects of the patient on his ortho­
sis have not been clearly understood either, 
although they are equally important, both 
for the welfare of the patient, and the satis­
factory function of the orthosis. This partic­
ularly so when deciding between weight-re­
lieving and knee-stabilizing orthoses. The 
latter are frequently made longer than neces­
sary to make the orthosis more comfortable 
for the patient, but this subjects it to increas­
ing axial load, which it was not designed to 
take, in most instances. W e would suggest 
that when prescribing for these patients, if 
only a knee-stabilizing orthosis is required, 
the cuff top is situated no higher than mid-
thigh; if there is any fixed angular deformity 
of the knee, or complete loss of extensor 
power in the limb, or if any of the factors 
considered above appear dominant, then a 
weight-relieving orthosis, designed to carry 
the axial load with a safety margin, is pre­
scribed. Furthermore, an accurate fitting 
must be ensured, particularly in regard to 
the ischial seating, and to the orthosis 
length, which should be no less than the dis­
tance from the ischial tuberosity to the 
ground, as measured in the erect posture. 

Summary 

The force systems on above-knee orthoses 
are considered in relation to their functional 
requirements. The medical indications for 
different types of above-knee orthoses are 
discussed together with other relevant medi­
cal factors, and suggestions are made for 
suitable orthotics prescription. 
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A HEAT GENERATING SOCKET 
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A problem encountered often in northern 
climates is adaptation to cold environments. 
For amputees, this can be a severe problem 
because the laminated resin socket transmits 
heat readily from the residual limb to the 
cold environment. 

In an attempt to improve the patient's tol­
erance to extended periods of outdoor activi­
ties, such as snowmobiling and skiing in ex­
treme weather conditions, means of provid­
ing heat in addition to the heat generated by 
the body within the prosthesis was investi­
gated and an auxilliary heating system was 
developed for a very active below-elbow 
amputee. 

A number of solutions were considered 
and rejected before success was realized. The 
use of a commercial ly available heated foot 
sock proved to be inadequate because of the 
pressure of the wires on the residual limb as 
well as wrinkling of the sock inside the 
socket. Insulating the inner socket from the 
outer lamination with polyurethane foam, 
though functionally quite adequate, present­
ed a cosmetic problem as a result of the in­
creased size of the prosthesis. 

The solution that seemed to be the opti­
mum was the use of high resistance electrical 
wires within the laminated wall of the socket 
and an external source of electricity. This 

system worked satisfactorily for a short 
period of time, but wires soon fractured at 
the point where they emerged from the sock­
et, rendering the embedded wires unusable. 
After additional research, we now have 
what we feel is a practical and durable heat 
generating system. 

W e used the conventional procedures for 
casting, modifying the cast, and we used a 
check socket. After an accurate, positive 
mold was obtained, we began with a layup 
of one layer of Perlon stockinet. 

T o this initial layer, we spot-glued #25 
gauge, non-coated wire (Fig. 1 ) . The wire 
was initiated at the distal end of the mold 
and brought proximally, in a spiral fashion, 
care being taken not to cross the wire on it­
self. A #20 gauge, coated wire was then sold­
ered to the #25 gauge wire at the distal end of 
the model and then brought directly proxi­
mally to a female plug receptacle at the trim-
line (Fig. 2 ) . The proximal end of the #25 
gauge, non-coated wire was also brought to 
the receptacle and both wires were soldered 
to it. 

Because the proximal trim line of the sock­
et was determined accurately at the time of 
the check socket fitting, we were able to spot 
glue and laminate the receptacle so that only 



Fig. 1. A No. 25 gauge non-coated 
resistance wire is spot-glued to the 
initial layer of Perlon stockinet of the 
below-elbow socket. A No. 20 gauge 
coated resistance wire is soldered to 
the No. 25 guage wire at the distal 
end of the model and brought proximally to a female electrical receptacle 
located at the trim line of the pros­
thesis socket to be fabricated. 

Fig. 2. Another view of the assembly 
shown in Figure 1. 

the two plug holes were exposed at the proxi­
mal edge of the socket (Fig. 3 ) . 

T h e rest of the lay-up and lamination was 
carried out along conventional lines. Ex­
treme care should be taken when breaking 
the mold out of the socket. Obviously when 
any part of the wire is damaged, the system 
will not function. 

T o the male plug, we soldered #16 gauge, 
coated wire (Fig. 4 ) . The #16 gauge wire was 
then hooked to a six-volt dry cell battery, 
which our patient preferred for his purposes. 
For skiers, hunters, or anyone that does not 

want the inconvenience of the six-volt dry 
cell, this system could easily be modified to 
utilize the power packs used to power myo­
electric prostheses. Such a system permits lo­
cation of the power source within the pros­
thesis or on the person. 

This system, when followed correctly, 
supplies heat sufficient to warm the residual 
limb, but not enough to burn the amputee, 
or to affect the cured laminate. The amputee 
simply "plugs" in the prosthesis when the re­
sidual limb feels cold, and "unplugs" it when 
the residual limb is warm enough (Fig. 5 ) . 
W e feel that this system is not limited to up­
per-limb prostheses, but will be useful in 
lower-limb applications as well. 

Footnotes 
1 Roy's Orthopedic, Inc., 33 North Avenue, Burling­

ton, Vermont, 05401. 



Fig. 3. The male electrical plug in this view taken during the fabrica­
tion process shows the position of the female receptacle at the trim 
line of the prosthesis socket. 

Fig. 4. Close-up view of electrical connection at the socket brim. This arrange­
ment avoids breakage of wires that could be expected if the wires were simply 
brought out between the laminates. 

Fig. 5. The completed prosthesis with the power source plug in place. 





SOME BIOMECHANICAL CONSIDERATIONS 
IN THE DESIGN OF 

ANKLE-FOOT ORTHOSES 

David N . Condie 1 
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The proliferation of new designs for ankle-
foot orthoses fabricated with thermoplastic 
materials presents a bewildering picture for 
the clinician faced with the prescribing of a 
particular device for an individual patient. 
Indeed, the orthotics specialist with his spe­
cial knowledge may require to adopt a trial 
and error policy extending over a consider­
able number of patients before the advant­
ages of the various designs become apparent 
and a practical prescription philosophy can 
be formulated. 

T w o important factors that appear to gov­
ern the success or failure of a fitting with a 
particular device are the accuracy with 
which the patient's requirements have been 
assessed and the ability of the device to ful­
fill these requirements. A successful orthotic 
prescription may thus be considered as a 
process of patient-orthosis matching involv­
ing measurement of the patient's functional 
deficit and selection of an orthosis whose 
characteristics, also determined by measure­
ment, are such as to reduce the patient's defi­
cit to the minimum. 

Characteristics of the Jointed Orthoses 

It is possible to illustrate the meaning of 
the term "characteristic" of the device by ref­
erence to the conventionally constructed 

ankle-foot orthosis (AFO) fitted with a ful­
crum lever and toe-raising spring. 

The effect of the spring is such that as the 
foot is pushed into an attitude of plantar-
flexion the spring will tend to create an op­
posing dorsiflexing effect or "moment," 
which will increase as the deflection of the 
foot is increased. This characteristic of the 
orthosis may be measured accurately and re­
corded in the form of a graph, and in this 
case will result in an approximately straight 
line (Fig. 1 ) . The stronger the spring stiff­
ness, the greater will be the moment it devel­
ops for a particular deflection and hence the 
steeper will be the slope of the line on the 
graph. Thus the orthosis with a free joint has 
a characteristic of zero slope as illustrated by 
the horizontal line on the graph and a joint 
which is locked has as a characteristic an in­
finite slope as illustrated by the vertical line. 

Obviously it is possible to apply this sys­
tem to define the behavior of an orthosis in 
other planes of deflection such as inversion 
or eversion, and, as in the case under exami­
nation, this would result in a straight 
vertical line since the conventionally con­
structed A F O may be considered to be vir­
tually rigid in this plane when subjected to 
the loads encountered in walking. 



Characteristics of Thermoformed Orthoses 

Clearly, it is relatively simple to predict 
the characteristics of conventional orthoses 
with their readily identifiable joints and con­
trols. The plastic AFO's however which have 
no discrete joints are not so readily open to 
predictions regarding their behavior. 

Because of this difficulty equipment has 
been developed at the Dundee Limb Fitting 
Centre to measure the characteristics of an 
orthosis (Fig. 2 ) . The A F O is clamped in the 
machine at the cuff and foot piece and de­
flected throughout its normal range of mo­
tion. The stiffness/deflection characteristic 
developed in this fashion is plotted directly 
on a graph plotter. It is thus possible to com­
pare the characteristics of differing types of 
orthoses (Fig. 3 ) , and to examine also the al­

tered behavior of an individual orthosis 
achieved by varying its trimline (Fig. 4 ) . 

The Teufel A F O 

T h e first design of an A F O fabricated from 
a thermoplastic material to achieve signifi­
cant acceptance was the Teufel posterior 
leaf-spring orthosis (4) made of Ortholen, a 
high density polyethylene. The Teufel or tho­
sis was described as being appropriate for 
"flaccid conditions of the foot ." 

The Hartshill A F O 

In 1968 , Yates (5) published his descrip­
tion of the use of polypropylene in the con­
struction of ankle-foot orthoses. The method 
of construction adopted required no cast 
rectification and resulted in a rather rigid de-

Fig. 1. Plot of moment about the ankle vs. ankle flexion for three types of 
ankle-foot orthoses. 



Fig. 2. AFO machine for measuring properties of 
ankle-foot orthoses. 

vice extending forward to the medial malleo­
li. At fitting, the orthosis was normally 
flexed vigorously into extreme dorsiflexion 
to reduce significantly the resistance which 
the device would afford to movement in that 
direction while retaining the high resistance 
to plantarflexion inherent in the geometry of 
the device. In the United Kingdom this de­
vice is customarily referred to as a "Hartshill" A F O . According to the developer, this 
orthosis is intended for use primarily in cases 
of flaccid "drop foot" or where there is mini­
mal spastic muscle behavior. 

The TIRR AFO 

The potential of this new material was rec­
ognized immediately by many other devel­
opers, notably in North America, and fur­
ther variations emerged, one of the best 
known of which was the polypropylene 
A F O with corrugations, developed at the 
Texas Institute for Rehabilitation and Re­
search (1) . The developers of this device sug­

gested that it was indicated for "a lack of 
dorsiflexion." 

Prescription 

Thus it seems at least three different new 
AFO's are available which appear to be ap­
propriate for the same group of patients. 
These claims will now be investigated by ex­
amining the "characteristic" of the orthoses. 

Simple Drop Foot 

If the patient's disability may be truly de­
scribed as a drop foot, that is to say, isolated 
weakness of the dorsiflexor muscles, the re­
quirements of the matching orthosis should 
be rather simply specified. Firstly, the ortho­
sis should replace the action of the dorsiflexors following heel contact, thus avoiding a 
foot slap, and secondly, by raising the foot 
at toe-off to ensure foot clearance during the 
swing phase. For this comparatively simple 
requirement there appears to be no doubt 
that the TIRR and the Ortholen devices with 
their comparatively low plantar/dorsiflexion stiffness characteristics are a much more 
appropriate prescription than the more rigid 
Hartshill device. Similarly, both of these al­
ternative devices provide the least unneces­
sary resistance to the movements controlled 
by the unaffected musculature of the ankle. 

Drop Foot With Other Weaknesses 

The choice of an ankle-foot orthosis be­
comes more complex when one considers 
cases of more generalized ankle-foot func­
tional deficit including weakness of the mus­
cles controlling plantarflexion and the move­
ments at the subtalar joint. A further impor­
tant consideration will be the presence of 
spasticity in the affected musculature. 

In 1972 Lehneis (2, 3) presented his design 
of a spiral brace fabricated in Plexidur which 
was intended for use with these kinds of pa­
tients. Regretably experience with this de­
vice has been marred by repeated fracture 
problems and many prescribers have been 
forced to consider alternative solutions. The 
policy adopted at the Dundee Limb Fitting 



Centre has been to adapt the basic Hartshill 
design of A F O to produce an orthosis capa­
ble of providing the greater degree of control 
required for this group of patients. This ef­
fect is achieved principally by selecting a 
trimline which leaves slightly more material 
around the ankle joint (Fig. 5 ) . 

The increase in the stiffness characteristics 
which are achieved by this simple measure 
may be demonstrated easily by reference to 
the graph lines obtained from the testing 
equipment, which show an increased slope. 
An example, in this case the plantar/dorsiflexion characteristic, is illustrated in Figure 
3 . 

Foot Length Discrepancy 

Complicating disabilities such as limb or 
foot length discrepancy may be treated si­

multaneously by adopting a particular foot 
attitude and using a plastic foam build-up on 
the sole piece. Similarly, a foam plastic calf 
restoration may be built into the shank sec­
tion of the orthosis for cosmetic reasons (Fig. 
6 ) . 

More Severe Cases 

There are however some patients for 
whom the orthotic prescriptions already 
considered would appear to be still inade­
quate. These patients may be considered in 
two categories: those patients where more 
severe spasticity will require larger forces to 
achieve full correct ion; and those patients 
where the joint deformities are not fully cor­
rectable and may indeed become increased 
when the patient attempts to bear weight 
upon the foot. 

Fig. 3. Plot of moment about the ankle vs. ankle flexion for four types of plastic ankle-
foot orthoses. 



Fig. 4. Plot of knee moment of a plastic orthosis vs. ankle flexion for various trim-
line configurations. 

Severe Spasticity 

Severe spasticity is commonly encount­
ered with the more severely involved hemiplegic patient. Experience has demonstrated 
to us that even the modified polypropylene 
ankle-foot orthosis is unable to control ade­
quately the typical equino-varus deformity. 

A careful study of this problem suggested 
that a further increase in the stiffness of the 
device would be unlikely to improve its ef­
fect upon the patient unless the fit were mod­
ified to apply the corrective forces in a much 
more specific manner than is customarily 
achieved by standard casting and fabrication 
procedures. 

It was this consideration in mind that the 
hemispiral orthosis was developed at the 
New York University Institute for Re­

habilitation Medicine (3). This orthosis, 
made also from Plexidur, is designed to im­
pose a three point system of corrective forces 
upon the patient's leg and foot to control an 
equino-varus deformity, and, when correct­
ly fitted, can be very effective. It does unfor­
tunately have several disadvantages. It is dif­
ficult and time-consuming to produce and 
therefore relatively expensive. It can also be 
awkward for the patient to apply, especially 
when many of the potential patients have the 
effective use of only one hand. Consequent­
ly, in Dundee it was decided to attempt to 
produce a further modification of the poly­
propylene A F O which would utilize a similar 
three-point force system to control this type 
of deformity. 

The extent of the correction which can be 
achieved is assessed by manually applying 



Fig. 5. Polypropylene, Ankle-Fool Or thos is as 
used al the Dundee Fitting Centre 

Fig. 6. Po lypropylene A F O with compensa t ions 
for length discrepancy and calf res torat ion. 

the necessary three-point force system. O b ­
viously, where fixed deformity exists, this 
position may be short of plantigrade. Addi­
tionally in cases of severe muscle spasm the 
force required to maintain a fully corrected 
position may not be tolerable. 

The wrap cast is taken in the usual manner 
in the position thus determined and the re­
quired force system applied b y hand as the 
cast sets. The orthosis is formed on the re­
sulting positive cast which may have been 
further rectified to achieve the desired pres­
sure distribution (Figs. 7 & 8 ) . 

In those cases where the final attitude is 
not plantigrade the sole of the orthosis is 
wedged with high density foam plastic to en­
sure correct shoe contact with the ground. 

This modified A F O is only marginally 



Fig. 7. Three-point-pressure polypropylene 
A F O . 

Fig. 8. Three-point-pressure system to control a 
varus deformity . 

more difficult for the patient to don than the 
standard polypropylene A F O , and the pro­
duction techniques are only a little more de­
manding. 

Joint Deformity 

The three-point pressure technique may 
also be adopted "in reverse" to treat those 
patients with uncorrectable valgus deformi­
ties of the foot which are otherwise difficult 
to control, and cases of this type successfully 
treated include both children with spina bi­
fida and cerebral palsy. In these cases an 
identical production technique is adopted 

with the pressure points positioned to 
achieve the required control . 

Conclusion 

The range of modern thermoplastic AFO's 
exhibit a wide spectrum of functional char­
acteristics. In spite of the apparent simpli­
city of the orthoses, the factors governing 
their functional characteristics are exceed­
ingly complex. A deeper understanding of 



the means of obtaining specific characteris­
tics will permit more accurate matching to 
the patient's requirements. 

S u m m a r y 

This paper presents a biomechanical ap­
proach to development of prescription cri­
teria for ankle-foot orthoses based on a sys­
tem of measuring the "characteristics" of an 
orthosis. The result of applying this system 
to the existing range of AFO's of both con­
ventional and molded plastic construction 
are described with the consequent prescrip­
tion practices. Finally, some further develop­
ment is described in the use of the molded 
polypropylene A F O to control severely de­
forming varus/valgus conditions of the 
ankle-foot complex. 
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RESOLUTION CONCERNING T H E M E T R I C SYSTEM 

T h e following resolution was adopted by the Board o f Directors o f the American 
Orthotic and Prosthetic Associa t ion at its meeting in San Diego O c t o b e r 3, 1973: 

W H E R E A S by Ac t o f Congress it has been determined that the United 
S ta tes should proceed towards adoption o f the metric system as used 
almost universally throughout the rest o f the world, and 

W H E R E A S the technological professions and many segments o f the 
health professions have commonly used the metric system over an ex ­
tended period o f t ime, and 

W H E R E A S it is important for members o f the orthotic/prosthet ic pro­
fessions to interact with their col leagues in the medical and technologi­
cal communit ies for optimum patient service be it hereby 

R E S O L V E D that the Amer ican Orthotic and Prosthet ic Associa t ion 
endorses the use o f the metric sys tem by its members and other orthotic 
and prosthetic practi t ioners in the United S ta t e s , and in witness o f this 
endorsement and Associa t ion urges the editors o f its journal Orthotics 
and Prosthetics to c o m m e n c e the dual reporting o f weights and 
measurements in both the English and metric sys tems at the earliest 
possible date with the objec t ive o f employing the metric system solely 
by the t ime o f the 29th Volume in 1975. 
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Camp helps you fit the hard-to-fit patient. 
C u s t o m m a k e s p i n a l o r t h o s e s 

i n m i n u t e s w i t h MOD-U-SYSTEM. 

No matter how many spinal orthoses 
you stock, you never have enough. 
Because there are always some pa­
tients you just can't fit. Instead of a 
special order, custom make the or­
thosis yourself, with m o d - u - s y s t e m . 
m o d - u - s V s t e m includes all the com­
ponents you need to assemble the 
nine most often prescribed Taylor-
and Knight-Type orthoses. So you 
can use your professional skills to 
fit even the hard-to-fit patient. And 
with a lot less inventory. Send for 
the details on M O D - u - S Y S T E M . 

r ~ 

C A M P I N T E R N A T I O N A L , INC 

Please send me the details on MOD-u-SYSTEM. 



Nothing's built like Camp 
Whal Camp innovates, others imitate. 
Camp has been perfecting orthotic supports for over 
65 years. Our standard of design, materials and work­
manship is unparalleled. 

1 . Knight-Taylor Apron 
Front 

2. Knight-Taylor 
Garment Front 

3. Knight-Taylor A p r o n 
Front (no side 
uprights) 

4. Knight-Taylor Gar­
ment Front (no side 
upr ights) 

5. Knight Apron Front 
6. Knight Garment 

Front 
7. Knight Apron Front 

(no side uprights) 
8. Taylor Apron Front 
9. Taylor Garment 

Front 

Here are the nine different spinal orthoses that 
can be tailor-made from the M O D - l -SI S I I ' M . Each 
can be made into a wide variety of sizes quickly, 
easilv and exactly for greater patient comfort. 
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STRESS (OR PRESSURE) 

To convert from To Multiply by 

pounds-force/square inch (psi) 
pounds-force/square inch (psi) 
pounds-force/square inch (psi) 

TORQUE (OR MOMENT) 

To convert from 

pound-force-feet 
pound-force-feet 

ENERGY (OR WORK) 

newton/square meter 
newton/square centimeter 
kilogram-force/square centimeter 

To 

newton meter 
kilogram-force meters 

Definition 
One joule ( J ) is the work done by a one-newton force moving through a 
displacement o f one meter in the direction o f the force. 

To convert from 

foot-pounds-force 
foot-pounds-force 
ergs 
b.t.u. 
foot-pounds-force 

1 cal (gm) = 4 .1840 joules 

To 

joules 
meter-kilogram-force 
joules 
cal (gm) 
cal (gm) 

6894.8 
0 .68948 
0 .070307 

Multiply by 

1.3559 
0 .13826 

Multiply by 

1.3559 
0 .13826 
1 x 1 0 - 7 t 
252 .00 
0 .32405 

TEMPERATURE CONVERSION TABLE 

To convert °F to °C 

°F 

98 .6 
99 
99.5 

100 
100.5 
101 
101.5 
102 
102.5 
103 
103.5 
104 

_ °F - 32 

1.8 

°C 

37 
37.2 
37.5 
37.8 
38.1 
38.3 
38.6 
38.9 
39.2 
39 .4 
39.7 
40 .0 

*A slug .is a unit of mass which if acted on by a force of one pound will have an acceleration of one foot per 
second per second. 



METRIC SYSTEM 
Conversion Factors 

LENGTH 

Equivalencies 
angstrom 
millimicron* 
micron (micrometer) 

To Convert from 

inches 
feet 
yards 
miles 

I x 

x 1 0 - 1 0 meter (0 .0 0 0 0 0 0 0 001 m) 
x 10 - 9 meter ( 0 . 0 0 0 0 0 0 001 m) 

10 - 6 meter ( 0 . 0 0 0 001 m) 

To 

meters 
meters 
meters 
kilometers 

Multiply by 

0.0254t 
0 .30480+ 
0.91440+ 
1.6093 

AREA 

To convert from 

square inches 
square feet 

VOLUME 

Definition 

square meters 
square meters 

I liter O.OOlt cubic meter or one cubic decimeter ( d m 3 ) 
(1 milliliter = I t cubic centimeter) 

To convert from 

cubic inches 
ounces (U.S. fluid) 
ounces (Brit, fluid) 
pints (U.S. fluid) 
pints (Brit, fluid) 
cubic feet 

MASS 

To convert from 

pounds (avdp.) 
slugs* 

FORCE 

To convert from 

To 

cubic centimeters 
cubic centimeters 
cubic centimeters 
cubic centimeters 
cubic centimeters 
cubic meters 

To 

kilograms 
kilograms 

To 

ounces-force (ozf) 
ounces-force (ozf) 
pounds-force (lbf) 
pounds-force (lbf) 

0.00063616+ 
.092903 

Multiply by 

16.387 
29 .574 
28 .413 
473 .18 
568 .26 
0 .028317 

Multiply by 

0 . 4 5 3 5 9 
14.594 

Multiply by 

newtons 0 .27802 
kilogram-force 0 .028350 
newtons 4 .4732 
kilogram-force 0 .45359 

*This double-prefix usage is not desirable. This unit is actually a nanometer ( 10 - 9 meter = 10- 7 centimeter), 
t For practical purposes nil subsequent digits are zeros. 
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Fracture 
bracing 



lets your 
patients function 
while they heal. 
Encourages mobility and functioning of the extremity during the 
healing process—Adjacent joints remain mobile, reducing the need 
for post-fracture physical therapy—eases the economic burden for the 
patient by permitting faster resumption of full activities. 

ORTHOPLAST* Splints: the ideal material for fracture bracing-
Lightweight, strong and durable, the ORTHOPLAST material is an 
easy-to-mold thermoplastic that can be worked with bare hands, is 
strong, conformable, self-adherent and washable, and has established 
its clinical benefits in tibial, femoral, Colles' and forearm fractures. 1 5 

References: 1. Sarmiento, A.: Functional be low- the-knee brace for t ibial f ractures, J . Bone Joint Surg. 
52-A:295, 1970. 2. Sarmiento, A.: Functional bracing of t ibial and femoral shaft fractures, Cl in. Orthop. 
82:2 ,1972 . 3. Sarmiento, A., Cooper, J . , and Sinclair , W.F.: Forearm fractures, J . Bone Joint Surg. 
57 -A:297 ,1975 .4 . Sarmiento, A., et al.: Col les' fractures, J . Bone Joint Surg. 57-A:311,1975. 
5. Sarmiento, A.: Functional bracing of t ibial fractures, Cl in. Orthop. 705:202,1974. 

To immobilize 
the fracture, 
not the patient O R T H O P L A S T 

SPLINTS 
I 1 Educational l iterature, reprints, brace pat-
i Please send more information on functional bracing with terns and samples may be obtained by wri t ing 

ORTHOPLAST® Splints. to Johnson & Johnson , Department J-408, 
New Brunswick, New Jersey 08903. 
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D a v i d 
N a i r n e . 

c o u n t e d 
o n u s . 

When David had open heart surgery 
not long ago, he needed six vital 

units of blood, type O Neg. All of it 
was obtained, processed and pro­

vided by the Red Cross blood center. 
We're not the heroes of this 

lifesaving story (the six wonderful 
blood donors should get the med­

als). But we (and other voluntary 
blood centers) do need your con­
tinued support Blood, you know, 

doesn't grow on trees. It comes from 
donors. Like you. And we 

need more people like 
you. Call your Red Cross 
or other voluntary blood 

center soon. Please. 

Red Cross. 

Wfe're. 
counting 

•on 
you. 

The Good Neighbor. 
AMERICAN RED CROSS CAMPAIGN 
MAGAZINE AD NO. ARC - 2662 - 77 -7" x 10" [110 Screen] 
Volunteer Agency: J. Walter Thompson Company,Volunteer Coordinator: G. F. Tyrrell, Johnson & Johnson 
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Sutton's SVO-2-0 "\ 

ORTHOPEDIC 
FINISHING 
MACHINE 

This high-speed sander has 
been developed especially 
for the l imb and brace manu­
facturing industry. Two sand­
ing belts, each 60" long, cut 
quickly and run cool. One is 4" 
wide, the other is 1-9/16". 
Shaft extends 8" on left for 
cone-shaped cutter or other 
bayonet f i t t ings . Right shaft 
end machined to accept burn­
ishing and polishing wheels. 
A l l dust-generating areas are 
exhausted by 1 1 / 2 -h .p . motor 
w i th air release through f ive 
60" bags. Naumkeag also has 
vacuum hookup. Flap emery 
wheel available for metal 
pol ishing. Many variations of 
shaft available. Only 5 1 " 
h igh, 3 1 " wide, 27" deep. 
Sutton offers many variations 
of shaft configurations to f i t 
varying needs of brace spec­
ialists. Sutton-Adler Division 
also produces a complete line 
of industrial sewing machines 
and stands for leather, fabric 
and plastic sewing. 

B O X 9 9 4 0 ' ST. LOUIS , M O . 6 3 1 2 2 • ( 3 1 4 ) 2 2 5 - 5 2 5 5 

Send information on Sutton's S/J -2-0 
Send information on Sutton-Adler sewing machines 
Send complete Sutton catalog 

I City State Zip I 

Telephone j 
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2-S2000 
Taylor 

2-S2400 2-S2150 2-S2170 
Williams Flexion Knight Spinal(Chairback) Knight-Taylor 

2 0 0 0 S E R I E S 
S P I N A L B R A C E S 

HIGHEST QUALITY AT MODEST PRICES 

Immediate Delivery From Stock 
Pictured arejustfourof our many braces that can help 
your profit picture. Quantity discounts available. Easy 
to fit from five stock sizes. Write us for our complete 
catalog. Better yet, give us a call at (202) 628-1037. 
We'll be happy to help in any way we can. 

I l l ' f J WASHINGTON 4 0 p a t t e r s o n s t . , n.e. 
I I • CI - ~ J ? " - ™ - ^ WASHINGTON, D.C. 20002 PROSTHETIC 

SUPPLIES (202) 628-1037 
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CLASSIFIED ADVERTISEMENTS 

A d v e r t i s i n g R a t e s 

R e g u l a r — F i r s t 3 5 w o r d s , 5 2 4 . 0 0 ( m i n i m u m ) . A d d i t i o n a l w o r d s $ 1 . 0 0 e a c h . S i t u a t i o n s w a n t e d a d v e r t i s e m e n t s h a l f r a t e . S p a c e 
r a t e a d d i t i o n a l : 1 3 x 1 3 p i ca s -S lOS .OO; 1 3 x 1 8 p i c a s - S 1 8 0 . 0 0 . 

S p e c i a l — M e m b e r s of the A m e r i c a n A c a d e m y of O r t h o t i s t s a n d P r o s t h e t i s t s w h o w i s h to a d v e r t i s e the i r a v a i l a b i l i t y o n a s i g n e d 
o r u n s i g n e d b a s e s a r e en t i t l ed t o d o s o a t the s p e c i a l r a t e of S 5 . 0 0 p e r f i v e l i ne i n s e r t i o n p e r i s s u e . E a c h a d d i t i o n a l l i n e , $ 1 . 0 0 . 

M a i l a d d r e s s e d to N a t i o n a l O f f i c e f o r w a r d e d u n o p e n e d a t n o c h a r g e . C l a s s i f i e d A d v e r t i s e m e n t s a r e to b e p a i d in a d v a n c e ; 
c h e c k s s h o u l d b e m a d e p a y a b l e to " O r t h o t i c s a n d P r o s t h e t i c s " . S e n d t o : E d i t o r , O r t h o t i c s a n d P r o s t h e t i c s 1 4 4 4 N S t N W W a s h ­
i n g t o n . D . C . 2 0 0 0 5 . 

BUSINESS FOR S A L E - 4 man operation in Pros­
thetics. High gross - High earnings. 20 years in top lo­
cation (New York Area) with tremendous reputation. 
Will consider ten year payout to certified prosthetist -
with management experience. AOPA Box §77-20. 
ORTHOTIST—Certified or eligible for Certification. 
Immediate opening in a Modern Orthotic/Prosthetic 
Laboratory. Excellent Fringe Benefits, including paid 
vacation, sick leave, health insurance and retirement 
plan. All replies will be handled in strict confidence. 
Send resume and salary requirements to: Ron Cheney, 
American Prosthetics, Inc., 2733 6th Avenue, Des 
Moines, Iowa 50313. 
CERTIFIED ORTHOTIST or PROSTHETIST/OR­
THOTIST—Fringe benefits - profit-sharing, medical 
and disability benefits. Salary commensurate with 
qualifications. Contact: Progressive Orthopedic Mfg., 
1248 32nd Street, Sacramento, California 95816. Tel: 
916-452-5724. 
CERTIFIED PROSTHETIST—We seek an experienced 
prosthetist to assist our present prosthetist in a large, 
well-established practice. We offer good salary and 
fringe benefits. Contact: Bob Gruman. The Winkley 
Company. 4130 Highway 55. Minneapolis. MJV 55422 
(612) 522-6616. 

CERTIFIED ORTHOTIST: We seek an experienced 
orthotist to assist our present orthotist in a large, well 
established practice. We offer good salary and fringe 
benefits. Contact: Bob Gruman, The Winkley Com­
pany, 4130 Highway 55, Minneapolis. MN 55422. 
(612) 522-6616. 
CERTIFIED PROSTHETIST AND/OR OR­
THOTIST. Opportunity to join teaching staff of New 
York University Prosthetics and Orthotics education 
program. Excellent salary and benefits program. Send 
resume to Norman Berger, Prosthetics and Orthotics 
Department, NY University Medical Center, 317 E. 
34th St., New York, N.Y. 10016. An equal opportun­
ity employer m/f. 
ORTHOPEDIC SHOE REPAIR MAN—Position 
available for experienced person in Certified Facility— 
Reply to AOPA, 1444 N Street N.W. Washington, 
D.C. 20005. 

When prescribing, 
selecting, or creating 
orthoses . . . 
PRINCIPLES OF 
ORTHOTIC TREATMENT 
In this book you'll find brief, concise 
information for prescribing the most 
suitable orthotic device for diseases 
affecting the lower and upper ex­
tremities and the spine. The authors 
approach orthoses through the tech­
nique of functional analysis. 
By Wilton H Bunch, M.D,, Ph.D a n d Rober t D. K e a g y . 
M D . . M S 1 9 7 6 . 1 4 4 p a g e s plus FM l-VIII, 6W x W , 
1 7 4 illustrations. Pr ice , S17 5 0 

ATLAS OF ORTHOTICS: 
B lomechan ica l Principles 
a n d Application 
This volume investigates current orthotic 
devices and appliances from a 
biomechanical point of view. Selection, 
purpose, material fabrication, and ap­
plication of design are described in 
detail after a thorough analysis of the 
upper and lower limbs, and spine. 
T h e A m e r i c a n A c a d e m y of O r t h o p a e d i c Sur­
g e o n s : with 3 6 contr ibutors 1 9 7 5 . 5 0 8 p a g e s p lus 
FMI-XIV . 8V2" x l l " , 8 3 6 i l l u s t r a t i o n 3 P r i c e , S 4 4 0 0 

depend on Mosby 
m o 5 b y references 
T I M E S M I R R O R 
THE C V M O S B Y C O M P A N Y 1 1 8 3 0 W E S T L I N E I N D U S T R I A L D R I V E S T LOUIS M I S S O U R I 6 3 1 4 1 
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D A Y D R E A M I N G . 

Children do it especially well and if 
they're lucky, they don't lose the 
knack as they face the many prob­
lems of growing up. 
With the Kingsley Juvenile Symes 
Foot, life can go beyond childhood 
dreams. The foot is molded around 
a V i " aluminum plate keel. This 
simplifies the low clearance re­
quirements without compromising 

| strength and durability. 

The Kingsley Juvenile Symes Foot 
fills a special needfor fitting lower 
level amputations in juveniles. 

Today there's the beach, ballpark, 
camping, walking where dreams 
lead. And tomorrow, an equal 
chance to make those dreams 
come true 

KINGSLEY MFG. CO. 
1984 PLACENTIA AVENUE 
COSTA MESA, CA 92627 

(714) 645-4401 
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The task of the future: 

Humanizing Prostheses 

610 Indiana Avenue North 
Minneapolis • Minnesota 55422 

A glance at the OTTO BOCK Modular limbs pictured above, immediately 
shows the differences in this system and the older crustacean type . . . 
1. Cosmetic appearance. Note the clean, natural appearing outer con­

tour with no distracting articulation separations. 
2. The foam covering over the internal structure gives a soft, pleasant 

and much more natural FEEL to the touch than the hard surface of the 
conventional type of limb. 

3. The internal design principle resembles that of a building block 
system. By using various combinations of Modular components, it is 
possible to fit all levels of lower extremity amputation according to 
the individual patient needs. 

4. Static and dynamic alignment in all planes is easily achieved through 
simple, precise and controlled adjustment of the adaptors. 

Successful application of the OTTO BOCK Modular limb offers proof 
that restoration of the amputee's outer appearance is an essential con­
tribution to his complete rehabilitation. 



P 
Feet Knees 
Endoskeletal Systems 
Post Surgical Equipment 
Wood 
Prosthetic Joints & Valves 

' Leather Parts P & 0 
Suspension Aids 
Webbing 
Buckles 
Fasteners 
Stump Socks 
Stump Shrinkers 
Comfort Aids 
Plastic Welding Rods 
Plastic Sheets 
Plastic Foam - Pads 
Fabricating Supplies 
Orthotic Joints 
Orthotic Aids - Back, 

Cervical & Foot 
Fracture Braces 
Upper Extremity Components 
Canes 
Skiing Aids 
Miscellaneous Tools 

Stocked in our warehouse 
Ready for shipment 
The same day your order is received 

1 9 :'m s u p p l y Co . 
— IHF 4472 WEST 160TH STREET ^̂ H "̂̂ ^̂  CLEVELAND, OHIO 4 4 1 3 5 P H O N E (216) 2 6 7 - 5 7 5 5 

Paul E. Leimkuehler, President 

P R O S T H E T I C AND ORTHOTIC P A R T S AND S U P P L I E S 

X X 
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Hinged A n k l e Joint 
Fracture Cast Brace 

The Hinged Ankle Joint Fracture Cast 
Brace is a new addition to United States 

Manufacturing Company's family of 
J fracture bracing components. Designed 

Y as a single axis joint orthosis, rather than a 
polycentric one. the hinged ankle joint brace 

allows normal tibial torsion which reduces 
fracture site strain. Strain applied to the brace 
itself is also reduced, eliminating the breakage 

problem encountered by polycentric type orthoses. 
Free plantar dorsiflexion motion is achieved by 

positioning the axis of the orthosis directly over the 
anotomical axis of the ankle 

Strong, lightweight and ribbed for extra rigidity and 
strength, the hinged ankle pint brace is supplied 
with a Velcro strap which facilitates easy donning 

of the patient s shoe. 

The brace is available in 3 sizes small, medium 
and large — left or right, and may be used with 
plaster bandages Hexcelite Orthoplast Zoroc. 

or any other equivalent substitute 

U N I T E D S T A T E S 
M A N U F A C T U R I N G C O . 
P O So« 110. 623 Souln Ceni'ai Avenue 
G e n o a * Caii!om.a 91209 U S A 
Ptmne 12131245-6855 CatMe LlMBBACE 
TWX No 9104972279 



A M E R I C A N ORTHOTIC A N D PROSTHETIC A S S O C I A T I O N 
1444 N STREET. N.W. 

W A S H I N G T O N . D.C. 2 0 0 0 5 


