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Commentary 

I want to take this opportunity to thank 
my fellow editorial board members in 

electing me as chairman for this term and 
Alvin Miulenburg, my predecessor, for 
doing such a fine job over the past several 
years. Evidence of this can be found in 
the Dec. 78 journal, An Assessment. At 
our national meeting in San Diego I met 
with the other board members for the 
first time and it was encouraging because 
until then all our correspondence has 
been by mail or phone. I have found that 
my responsibilities are quite general be­
cause as you know the cohesive force be­
hind our journal has been our editor, A. 
Bennett Wilson J r . Being in the east 
along with our editor, national office and 
other board members I hope to be seeing 
more of the energies that go into the pub­
lication of Orthotics and Prosthetics. 

The Journal is our vehicle for growth as 
a profession and only by continued input 
can we channel your efforts towards this 

goal. In the future I will be inviting indi­
viduals to make their contribution in the 
form of the editorial. Input can also be 
increased by more letters to the editor, 
Ben Wilson has assured me he would very 
much like to hear more response in this 
area. 

A section dedicated to facility tech­
niques can also lend itself to increased in­
put by dealing with short articles not re­
quiring the scientific research that go 
into the feature articles. There is abun­
dant knowledge out there just waiting to 
be tapped. 

Writing an article or report takes time, 
effort and dedication and this is exactly 
what we are here for to help you in this 
endeavor. Commitment to professional­
ism is the goal of our Journal and only by 
your energies can this be realized. 

Micheal N. Pecorella 
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A New Ankle-Foot Orthosis Combining the 
Advantages of Metal and Plastics 

A L A N S . B E N S M A N , M . D . 1 

W A L L A C E W. L O S S I N G , C . O . 2 

Jointed Plastic Bracing (JPB), a new 
orthotic concept in the treatment of 

lower-limb paralysis or paresis, which 
combines the attributes of metal and 
plastic, using the preferred characteris­
tics of both in a single orthosis has been 
developed. 

The necessity of applying a lower-limb 
orthosis is determined by a number of 
factors and treated by use of a variety of 
orthotic designs. For the sake of brevity, 
this discussion will be limited to those 
diagnoses concerning the ankle. Histori­
cally and typically, problems about the 
ankle would have been treated by the ap­
plication of an orthosis constructed of 
metal and leather. The bulk and weight 
of such an appliance stimulated a search 
for a better method. With the advent of 
thermoplastic materials new designs have 
been developed. Plastics, however, have 
not yielded a satisfactory joint, thus lim­
iting mobility of the anatomical joint in­
volved. In order to retain the flexibility of 
a metal joint, and also retain the light, 
cosmetic attributes of plastic, a wedding 
of the materials has been carried out. 
The union has resulted in a new and ver­
satile approach for lower-limb orthotics. 
Jointed Plastic Bracing has now been ap­
plied to more than 50 patients during the 
past year with excellent results. 

H I S T O R Y 

Orthoses, until recent years, used 
metal joints placed in a position to ap­
proximate the anatomical joints. These 
orthoses generally did permit improve­
ment in mobility of the patient and, 
thereby, resulted in an increase of his ac­
tivity level. However, in too many cases, 
to stabilize meant to immobilize and to 
mask incomplete correction. The metal 
orthosis provided a measure of security to 
the patient, and had a long life due to the 
types of materials used, and there are still 
some situations which can best be treated 
with the application of a metal orthosis. 
The obvious shortcomings of metal are 
poor cosmetic appearance and the weight 
involved, not to mention the difficulties 
in keeping that type of appliance clean. 

The advent of plastics produced a 
much more acceptable orthosis. Plastics 
are far more adaptable for conforming to 
body shapes, and produce an orthosis 
more acceptable to the eye. Another ex­
citing feature of plastics is the dramatic 
reduction in weight of an orthosis, since 
the amount of weight involved in treating 
a particular diagnosis can be cut from 
pounds to ounces in many cases. The re­
sult of this weight difference was fre­
quently an equally dramatic increase in 



the activity level of a patient. Frequently, 
the control of a paretic or paralyzed limb 
was considerably more refined by the ap­
plication of a plastic orthosis. An added 
advantage realized in this area was the re­
duction of pressure problems caused by 
the application of a standard metal or­
thosis due to incomplete correction. Plas­
tics, furthermore, are readily cleaned 
with mild soap and water. 

Experience with plastics has happily 
proven that plastic orthoses can readily 
compete with metal in durability and life 
expectancy. There are actually fewer re­
pairs due to breakage on a plastic orthosis 
in comparison to metal orthoses, and the 
replacement time appears to be about the 
same. The primary drawback to an or­
thosis constructed exclusively of plastic is 
the inability to allow mobility, i.e., joint 
function. Reduction in the amount of 
plastic applied around a particular joint 
is essentially the only means of increasing 
the mobility of that joint. Many "plastic 
joints" have been developed, but to date 
none has been proven adequate when in­
corporated into an actual orthosis. 

M E T H O D O L O G Y 
The inadequacies of the previously de­

scribed orthoses led to a design that used 
"the best of both." The result is an ortho­
sis fabricated primarily of plastic, but 
uses metal to provide the joint motions 
needed. In this way, light weight was sac­
rificed to obtain the desired joint func­
tion. 

To illustrate the use of the new con­
cept, consider the application of this type 
of orthosis to the diagnoses concerning 
the ankle joint. The more frequently en­
countered forms of paralysis or paresis for 
the ankle joint are generally categorized 
into: 

1 . foot drop —lack or loss of dorsi-flexion only 

2. lack or loss of plantarflexion 
3. pes planus, valgus or varus. 

Any or all of these specific problems can 
be controlled by an orthosis constructed 
solely of either metal or plastic. Selection 
of an orthosis that will not only provide 
the best control, but will also take into 
consideration individual factors unique 
to a particular patient will require a close 
analysis. Consideration in this analysis 
should include: 

1. diagnosis 
2. muscle(s) involved 
3. patient's age, weight, functional, 

and activity level 
4. cosmesis, and 
5. contributing physical factors; for 

example, other non-functioning ex­
tremities. 

The goal of this analysis is to determine 
the exact orthosis for this particular pa­
tient, and how to accomplish this goal 
with the least amount of "bracing" with­
out sacrificing any possible functional 
gain. 

In order to analyze the success or value 
of a given orthosis, the desired criteria of 
an orthosis must be examined: 

1. improved mobility for increased in­
dependence 

2. fit and control 
3. safety 
4. cosmesis 
5. life span of the orthosis. 
Normally, foot drop alone can be con­

trolled with a posterior leaf ankle-foot or­
thosis (AFO) of plastic. However, if foot 
drop is complicated with pes planus, val­
gus or varus, a custom molded foot piece 
with medial-lateral ankle joints is benefi­
cial. Either a spring dorsiflexion assist or 
a limited motion ankle joint with a pos­
terior stop (Fig. 1) may be used here. The 
combination of a well-molded plastic foot 
cup, metal ankle joints and plastic calf 
cuff obtain a good correction, and the 
anatomical joint is controlled or free to 
function as desired. 

In the instance of lack of plantarflex­
ion, a reverse-spring loaded assist would 



Fig. 1. Types of ankle joints. L to R: Dorsiflexion assist or reverse for plantarflexion assist; limited mo­
tion or free motion; bical; and another bical. 

Fig. 2. Extension of calf piece. 

be required in the ankle joint (Fig. 1). 
Again, custom molded plastic foot and 
calf pieces complete the orthosis. 

In cases of either medial or lateral in­
stability, an extension of the calf piece is 
made to come to a point just above the 
malleolus on the weaker side (Fig. 2). 

F A B R I C A T I O N P R O C E D U R E S 

The procedure for fabricating a Joint­
ed Plastic Brace (JPB) combination 
orthosis is essentially the same as for an 
all plastic orthosis. A plaster cast is made 
of the patient's limb in the corrected posi­
tion; from this is made a plaster model of 
the limb which is used in the actual fabri­
cation of the orthosis (Figs. 3 and 4). The 
joints are applied to the plaster model, 
and positioned correctly before the plas­
tic is drawn over the mold (Fig. 5) . 

Note that the joints and metal compo­
nents are lined with 1/4 _ in. thick Plastazote (Fig. 6) before the plastic is drawn 



Fig. 3. Plaster model. 

Fig. 4 . Corrected al ignment. 

over the mold and vacuum applied (Fig. 
7). 

The application of the joints before 
forming by vacuum allows for a smooth 
union of the elements of the orthosis. The 
trimming of the plastic, and refining of 
the original product is again essentially 
the same as for an all-plastic orthosis. 
Two examples of completed Jointed Plas­
tic Braces are shown in Figure 8. 

A C C E P T A N C E 

T o determine the impact of the new 
combination orthosis, a study was 
conducted to determine parental reaction 
to Jointed Plastic Bracing. 

Questionnaires were prepared and sent 
to parents of twenty-seven children who 
had been fitted with a J P B since Novem­
ber, 1975. The two-page questionnaire 
consisted of demographic information, 
forced choice questions, and open ended 
queries; data on bracing and adjustments 



Fig. 5. Application o f ankle joints to plaster model o f patient's foot and shank. 

Fig. 6. Plastazote is used to fill space at jo in t . 



Fig. 7. Vacuum is used to form shape of plastic components. 

T a b l e 1. 

were also gathered from patient files. 
Nineteen completed questionnaires 

were returned for a 70 percent response 
rate; those nineteen served as a basis for 
the following analysis. 

Demographically, by sex, the parents 
responding represented nine girls and ten 
boys. By age on last birthday the children 
in J P B in this study, the range spanned 
age one to thirteen with the average age 
at 5.94 years, the mean at 5.66 years, and 
the mode at 4 years. 

By diagnosis the greatest percentage of 
children's handicaps resulted from cere­
bral palsy; the next greatest resulted from 
spina bifida (Table 1). 

Over half of the children had been fit­
ted with bilateral Jointed Plastic Braces 
(58 percent). Three children wore Jointed 
Plastic Braces on their right lower limbs 
and five on the left only. 

When parents were asked to compare 
Jointed Plastic Bracing to previous brac­
ing, an overwhelming response was re­
ceived preferring J P B over other bracing. 
Eighty-nine percent of the respondents 
felt J P B to be the best; one respondent 
only thought the previous braces to be 
better. On a comparison basis, 63 percent 
of the respondents perceive the J P B to be 
somewhat better to much better than pre­
vious bracing. 

In terms of gait evaluation and in eval­
uating the child's walking with the Joint­
ed Plastic Braces, 89 percent of the par­
ents rated it fair or above. By compari­
son, in evaluating the child's walking 
without the J P B found 84 percent of the 
respondents listing it fair to very poor. An 
evaluation of rating the child's walking 



with previous bracing produced a 74 per­
cent fair or above ranking. In conclusion 
in rating gait, 89 percent of the parents 
gave the best appraisal to the child's 
walking with the Jointed Plastic Braces. 

The parents were also given a listing of 
potential problem areas encountered 
with Jointed Plastic Braces by frequency 
of occurrence. The results are presented 
in Table 2. 

Fig. 8. Two views of the completed jointed plastic orthosis that uses dorsiflexion assist ankle joints. 

T a b l e 2. 



It appears that the most problems oc­
curred with excessive pressure and with 
adjustments; however, both of these 
problems occurred occasionally rather 
than frequently. Actually, the respon­
dents do not perceive as many problem 
areas nor as frequently as had been antic­
ipated. 

Two open-ended questions related to 
advantages and disadvantages of Jointed 
Plastic Bracing were also provided. The 
advantages listed here were reported by 
at least three parents and are presented in 
order by most frequent mention: 

1. more natural means of balance/ 
walking 

2. lighter 
3. wear with any shoe 
4. stronger 
5. more cosmetic 

The disadvantages using the same cri­
teria of inclusion are: 

1. shoe damage/shoe fit 
2. cost 
3. heavier 
4. stiff joints/oiling required 
5. need for precise fit 

C O N C L U S I O N 

This orthotic concept does not replace 
either plastic or metal, but combines the 
two, thereby offering another alternative 
for treatment when an orthosis is re­
quired. If, by applying this analysis, a 
combination orthosis is utilized, it clearly 
meets the criteria established for a satis­
factory orthotic result. Parental evalua­
tion and perception of Jointed Plastic 
Bracing found it to be a much better al­
ternative to previous types of bracing for 
their children. 

S U M M A R Y 

A new orthotic concept in the treat­
ment of lower extremity paralysis or pare­
sis which combines the attributes of metal 
and plastic, using the preferred charac­
teristics of both in a single orthosis has 
been implemented. In order to retain the 
flexibility of a metal joint and also retain 
the light, cosmetic attributes of plastic, a 
wedding of the two materials has been ef­
fected. By combining the use of a well-
molded plastic foot cup, metal ankle 
joints, and a plastic calf cuff, a good cor­
rection is obtained and the anatomical 
joint is controlled or free to function as 
desired. This has resulted in a new, more 
versatile concept for lower-limb orthot­
ics. Jointed Plastic Bracing (JPB) has 
been applied to more than 50 patients 
during the past year with excellent re­
sults. Indications, specifics of construc­
tion, clinical application, and results in 
some of these fifty (50) patients has been 
discussed. 

Footnotes 

1Department of Rehabilitation Medicine, Meth­
odist Hospital, 6500 Excelsior Boulevard, Minne­
apolis, Minnesota 5 5 4 2 6 

2Lossing Orthopedic B r a c e Company, 2217 Nic­
ollet Avenue south, Minneapolis, Minnesota 
5 5 4 0 4 . ( 6 1 2 ) 8 7 1 - 7 2 5 0 



The ROL 1 Rotator 

G E R A L D A . T I N D A L L , C . P . O . 1 

R O B E R T O. N I T S C H K E , C.P.1 

T he staff at Rochester Orthopedic 
Laboratories has long believed in 

the concept of controlled rotation about 
the long axis of an artificial leg, often re­
ferred to as "transverse rotation." We 
have used all available rotation units as 
they have been developed, and found 
them functionally satisfactory, but for 
our purposes lacking certain qualities 
necessary for our continued use. First, the 
available units are not easily repaired; in 
fact, failure of the unit requires complete 
replacement. Second, all units placed in 
the prostheses of active patients needed 
replacement in a short period of time — 
two to twelve months. Third, it was ex­
pressed to us by some patients that they 
required adjustable torque resistances, 
and to date there is no readily available 
unit that allows for adjustment. Other 
problems are, the lighter units are not as 
strong as heavier ones, and when either 
was used the patient complained about 
replacement or weight respectively. We 
set out to see if some of these problems 
could be solved and make rotation as 
practical as it is beneficial for the patient. 

On February 27, 1976 the first R O L 
Rotator was delivered to a very active 
m a l e m e c h a n i c with a knee 
disarticulation who was 74 in. in height 
and weighed 205 lbs. After three months 

of use, no appreciable wear could be de­
tected and no failure of any components 
had occurred. Therefore, we proceeded 
with other installations. Since 1976 we 
have installed approximately 80 rotators. 
The design has not been modified except 
for minor changes in materials. It re­
mains as seen in Figure 1. 

M A T E R I A L S 

The R O L Rotator consists of: 
1. An ankle block with a M - 24 bolt 

receiver of 1- 1/4 in. long steel. 
2. A medial set screw to lock bolt down 

( 1 / 4 - 2 8 ) . 
3. Two 1/4-in. thick phenolic plates 

(one proximal, one distal) to act as 
rubber retainers, and to provide 
strength. 

4. Two Teflon bearing surfaces to re­
duce friction. 

5. A rubber sheet, 1/16-in. thick, un­
der distal Teflon surface to promote 
even wear. 

6. Rubber block, 1-in. O.D., posteri­
orly to provide torque resistance. 

7. Compression bearing with 1/2-in. 
dia. hole to eliminate resistance of 
the bolt on the foot. 

8. Foot bolt, 1/2 - 24, 3 in. long. 



Fig. 1. A P T B prosthesis that 
uses a R O L rotator. 

Fig. 2. T h e proximal surface of the SACH foot is sanded to pro­
vide 2 deg. of anterior tilt of the pylon of the adjustable leg. 

Fig. 3. The hole in the bottom of the SACH foot is enlarged to accept the bearing of the rotator. 



I N S T A L L A T I O N 

The Sach foot to be used is placed in 
the shoe. The proximal surface is sanded 
to provide 2 deg. of anterior tilt of the py­
lon of the adjustable leg (Fig. 2) . The 
hole in the bottom of the foot is then en­
larged to accept the bearing (Fig. 3) . A 1-
1/4-in. dia. hole saw is used, and the base 
of the hole is squared with a Forstner bit. 
The base of the hole must be parallel to 
the proximal surface of the foot and the 
hole for the bolt should be at the center to 
eliminate any possible binding of the 
unit. (We now have in use a bearing with 
a smaller outside diameter which elim­
inates most of this step, but at this time 
we are not ready to recommend it for use 
as it has not been tested thoroughly. The 
large bearing is shown in Fig. 3.) 

The phenolic plate is glued to the prox­
imal surface of the foot with a reliable 
epoxy (Fig. 4 ) , taking care to center the 
rubber over the keel posteriorly. The 

Fig. 4. A phenolic plate is attached to the proxi­
mal surface of the foot with epoxy. 

Fig. 5. Epoxy or polyester resin is poured around the posterior aspect of the foot plug to keep it from 
rotating with respect to the proximal plate. 



plate with the rubber layer is used under 
the Teflon atop the foot to simplify fin­
ishing. 

A foot plug, tapped for 1/2 - 24 bolt, 
and with a set screw in either side is at­
tached to the subassembly. Epoxy or pol­
yester resin is poured around the poste­
rior aspect to keep it from rotating on the 
proximal plate (Fig. 5) . It is now ready to 
fit (Figs. 6 and 7) . After fitting, the com­
plete rotator and foot are removed and 
transferred in the usual manner (Figs. 8 
and 9) . The medial set screw in the foot 
plug must be loosened before the bolt is 
removed. Toe-out is retained in the same 
manner as a normal transfer. The toe-out 
is set and the proximal plate is fastened 
with epoxy after the plastic is removed 
from the posterior proximal area. The 
rotation area obviously must be free of 
plastic. 

Torque resistance is reduced simply by 
enlarging the hole in the posterior rubber 
and is increased by installing solid rub­
ber. 

When the rotator is being assembled 
for delivery, there are several points to re­
member. First, the Teflon around the 
rubber retainer hole should be checked to 
make sure that all sharp edges have been 
removed. Shearing of the rubber can be 
nearly eliminated if this simple procedure 
is followed. Second, the bolt should be 
tightened completely and then backed off 
until complete return of the foot is effect­
ed on rotation, but no pronounced gap­
ping occurs under stress. Tightening the 
bolt first ensures that the bearing is well 
seated on the keel. Third, to adjust the 
resistance, several different courses may 
be taken. Rubber of different durometers 
may be used or, even simpler, a hole may 
be punched in the center of the rubber 
and enlarged until the desired resistance 
is attained. Small amounts of Silicone or 
Vaseline may be applied to the Teflon, 
though need for this has not been proven. 

Fig. 6. Foot and rotator ready for fitting. 

Fig. 7. The rotator installed in adjustable leg 
for amputee trial. 



Fig. 8. T h e rotator-and-foot assembly is removed from 
the adjustable leg. 

Fig. 9. Fabrication of the P T B is carried 
out in the usual manner . 

S U M M A R Y 

When properly installed, the R O L Ro­
tator is virtually trouble free. Worn com­
ponents can be quickly, easily, and eco­
nomically replaced. Torque adjustments 
are quick and simple. The six-ounce 
weight the rotator adds to the prosthesis is 
well accepted. The rotator is very cos­
metically acceptable. Repairs have con­
sisted of rubber replacement on several 
occasions and in two instances with very 
active patients the Teflon wore out and 

was replaced. In short, all the rotators we 
have installed since February 1976, to the 
best of our knowledge, are still in oper­
ation and none have failed or been re­
moved for any reason. 

F o o t n o t e 

1Rochester Orthopedic Laboratories , 1654 Mon­
roe Avenue, Rochester, N . Y . 14618 . 



Ice-Water Quenching Technique 
for Polypropylene1 

S . I . STUPP, Ph .D2 
T . J . SUPAN, C . P . O . 3 

D . B e l t o n , M . S . 4 

The use of polypropylene as a ma­
terial in orthotics and prosthetics 

has gained widespread acceptance over 
the last several years. However, our basic 
knowledge of this material has not kept 
pace with its use in the design of orthoses 
and prostheses. This report is an attempt 
to make the practitioner aware of pos­
sible variations in the properties of poly­
propylene as a function of processing con­
ditions. Specifically, the processing vari­
able investigated in this report has been a 
rapid rate of cooling for polypropylene 
devices during fabrication. A description 
of the fabrication procedure is preceded 
by a brief summary of some principles of 
polymer science relevant to polypropy­
lene processing. 

Polypropylene belongs to a class of 
polymeric materials known as the semicrystalline thermoplastics. The classifica­
tion of polypropylene as a material of this 
type implies a rather complex micro­
scopic structure as well as extreme sensi­
tivity of physical properties to processing 
conditions (1) . Processing conditions in­
volve primarily the thermal history, 
pressure, and the extent to which the 

molten material is mechanically deform­
ed prior to its solidification. Thermal 
history is especially significant. At tem­
peratures above the melting point (170 
deg C for polypropylene), the long poly­
mer molecules entangle randomly to 
form a network lacking structural order 
(amorphous network). Upon cooling, 
however, a certain portion of the mater­
ial solidifies in the form of ordered 
molecular arrays known as crystallites5, 
while the remaining portion retains the 
structure characteristic of the amorphous 
network. In this context, the significance 
of thermal history to physical properties 
of polypropylene lies in the possibility of 
controlling through temperature the rel­
ative amounts of crystalline and amor­
phous material present in the final 
product. This control is crucial in proces­
sing of semicrystalline thermoplastics 
since the mechanical properties of 
crystalline and amorphous material dif­
fer substantially. For example, crystal­
line material is generally stronger, yet less 
flexible than amorphous material (2) . 
One possible way of controlling crystal 
line vs. amorphous content in the final 



Figure 1. Polypropylene sheet ( 1 / 8 in., 0 . 32 c m ) to be formed over a cast for a knee orthosis. 

product is by manipulation of the cooling 
rate used to solidify the molten polymer. 
This possibility is based on the fact that 
substantial growth of crystallites requires 
finite periods of time at temperatures 20-
100 deg lower than the melting point, 
depending on the material (3) . As a con­
sequence, some semicrystalline polymers, 
when solidified by rapid cooling of the 
melt to ambient temperatures or below, 
tend to contain a considerable volume 
fraction of amorhpous flexible material. 

Another characteristic feature in the 
structure of semicrystalline themoplastics 
is the formation of rather large spherical 
aggregates upon the solidification of 

molten material. These aggregates can 
be considered as the basic 'grains' of the 
material and are known as spherulites. 
Depending partly on processing condi­
tions, spherulites can range in size from 
microscopic dimensions to a few milli­
meters in diameter (4) . These spheroidal 
grains consist of both crystallites and 
amorphous material, and their size can 
greatly affect both the mechanical and 
optical properties of the final product. 
For example, solidified materials con­
sisting of small sized spherulites tend to 
be more transparent than those in which 
spherulites are of considerable dimen­
sions (1) . This difference is based on the 



Figure 2. Softened polypropylene sheet being placed over the cast. 

Figure 3. Sealing of softened sheet to provide vacuum contouring. This procedure is to be followed by 
removal of excess material . 



fact that spherulites tend to scatter light 
when their size is comparable to visible 
wavelengths. Furthermore, in poly­
propylene and other semicrystalline 
thermoplastics, it is often found that 
small spherulites increase impact 
strength in the final product (5) . Spherulite size is, therefore, important in deter­
mining physical properties and, again, 
this variable can be controlled by proces­
sing conditions such as cooling rate. Gen­
erally speaking, fast cooling rates to 
temperatures well below the melting 
point of the material lead to the forma­
tion of small spherulites in semicrystalline 
thermoplastics. 

I C E - W A T E R Q U E N C H I N G 
P R O C E D U R E 

The relations between microstructure 
and properties discussed here have pro­
vided the basic rationale for the newly 
developed processing technique for poly­
propylene devices. Orthotic and prosthe­
tic devices quenched in ice water immedi­
ately after forming exhibit greater trans­
parency than those exposed to slower 
cooling rates through the use of com­
pressed air. Furthermore, in agreement 
with the discussion above, these devices 
have also been found to possess greater 

Figure 4 . Vacuum-formed cast immersed in ice-water bath. 



Figure 5. Vacuum-formed knee orthosis prior to removal from cast. 

mechanical flexibility. The handling of 
the polypropylene is the same as with 
other vacuum forming methods with the 
exception that the model must be re­
movable from the vise. Figures 1 
through 5 illustrate the technique on a 
knee orthosis (K.O. ) . The cast is covered 
with a multicolored nylon to illustrate the 
transparency of the ice-water quenched 
orthosis. Specifically, a comparison of 
Figure 1 with Figure 5 illustrates the dif­
ference in transparency between the 
original sheet and the ice-water quenched 
material. One important property of ice-
water-quenched polypropylene is the fact 
that it tends to contract upon cooling. 
This is evidenced by the observed over­
lapping of seams in devices which have 
been removed from the models. 

R E C O M M E N D A T I O N S AND 
C O N C L U S I O N S 

The use of ice-water-quenched poly­
propylene is recommended when in­

creased transparency, increased impact 
strength, and increased flexibility are de­
sired. Although the properties of the 
original material may vary according to 
its source, those of the processed material 
are expected to be similar from device to 
device. Increased transparency improves 
the acceptability of orthoses from the 
standpoint of appearance. It also facili­
tates visual examination of underlying 
skin in both orthoses and in sockets for 
artificial limbs. Increased impact 
strength, conversely, would be recom­
mended for prostheses and lower-limb 
orthoses. It should be pointed out that 
even though increased flexibility is not 
always desired, the resulting toughtness, 
and thus a decreased tendency to crack or 
tear, are always advantageous properties. 
In cases where an increased flexibility in 
the material presents a problem, changes 
in geometric design can be used to over­
come this disadvantage. An example of 
such changes is the introduction of cor­
rugations in the device. 

Some of the advantages of ice water-
quenched polypropylene have been 
pointed out above. Currently, solidified 



materials obtained using various cooling 
rates are being quantitatively character­
ized in terms of both mechanical and op­
tical properties. It is hoped that these 
measurements will allow optimization of 
properties in polypropylene orthotic and 
prosthetic devices through the control of 
processing conditions. 

R e f e r e n c e s 
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"H"-Shaped Wrist-Hand Orthosis 

G E R A L D A . S O L I E , O . T . R . 1 

M any patterns of wrist-hand orthoses 
available today are bulky, warm to 

wear because of the excessive amount of 
splinting material used to partially en­
close the forearm, wrist, and hand. 

The need for a simple wrist-hand or­
thosis that will fit properly with a min­
imum amount of time and skill has been 
sought for a good many years. Such a de­
sign is now available with use of an "H"-
shaped pattern (Fig. 1) and a low-tem­
perature splinting material known as 
Polyform. 2 The "H" pattern when prop­
erly used is applicable to either hand. It 
may be used as a dorsal, volar, or ulnar 
orthosis depending upon the patient's 
needs. Furthermore, the "H" pattern is 
simple in design, cosmetically acceptable 
to the patient, economical, lightweight, 
easy to fabricate, and maintains the nor­
mal arch of the hand. Since the orthosis is 
molded directly to the patient it makes a 
proper and comfortable fit easier to 
achieve. 

P R O C E D U R E 

Water is heated in an electric fry pan 
to 71.2 Celsius (160 Fahrenheit). 

Each end of the longest section of the 
pre-cut splint blank is dipped into Poly­
form Solvent Cleaner 2 to a depth of ap­
proximately 2.54 cm (1-inch), and wiped 
off with a cloth to remove a coating from 
the Polyform so it will adhere to itself 
when heated and molded to the hand. 

The widest end of the orthosis blank is 
inserted into the heated water for approx­
imately 40 seconds, or when the right pli­
ability has been reached. 

Heating one section of the orthosis 
blank at a time permits easier fabrication 
and will also improve the fit. The Poly­
form should be soft enough so it does not 
spring back when being formed, but not 
so hot that it will stretch easily and de­
stroy its molding properties. If this should 
occur the Polyform should be allowed to 
cool before attempting to mold it around 
the hand. Water adhering to the Poly­
form should be removed by blotting it 
with a towel. 

The orthosis blank when used for dor­
sal splinting should follow the midline of 

Fig. 1. Pre-cut "H" blank in position for fabrica­
tion of left dorsal wrist-hand orthosis 



Fig. 2. Forming distal transverse arch 

the forearm and be placed proximal to 
the metacarpophalangeal (MCP) joints of 
the hand (Fig. 1). Both ends are brought 
around to encircle the hand and are over­
lapped by about 2 .54 cm (1 in . ) . When 
the overlap is more than 2.54 cm (1 in.) 
any excess material is cut off. Both ends 
are pressed together using the index fin­
ger and thumb so the ends will adhere to 
each other securely and to reduce the 
depth of the double thickness. The 
thumb is pressed and gently slid over the 
volar area of the cuff to maintain the dis­
tal transverse arch of the hand (Fig. 2 ) . 
The Polyform is removed from the hand 
after a few minutes when it is cool enough 
so that it will not lose its new shape. The 
opposite end is inserted into the water. 
The middle section is not heated. 

When the proximal end is heated suffi­
ciently, the enclosed cuff is slid over the 
MCP joints, the splint is aligned on the 
forearm and the ends are molded around 
the forearm. The orthosis should be 
formed while the wrist is held in a neutral 
position. Upon cooling the device is re­
moved, Velcro fasteners are attached, 
and the device is reapplied to the patient. 
Excess material is determined and 
trimmed away. The patient should be 
able to flex and extend fully without any 
interference at the MCP joints. The 
thumb web space should be checked for 
comfort and to insure that no pressure 
point areas are present. T h e wrist area 
needs additional support provided by an 
aluminum reinforcement bar attached 
with two-part rivets (Fig. 3) . Desired wrist 



Fig. 3. Completed wrist-hand dorsal orthosis 

extension may be changed at this time 
without heating the Polyform by bending 
the orthosis in your hands to provide the 
amount of extension needed at the wrist 
joint. 

S U M M A R Y 

Wrist-hand orthoses are used for many 
different purposes and for a variety of 
diagnoses. The main purpose is to sup­
port or rest the wrist joint, maintaining 
the wrist in a slight extension position, 
permitting finger and thumb movement. 

This type of orthosis will also serve as a 
base for adaptations for activities-of-
daily-living. 

F o o t n o t e s 

1Coordinator, Rehabilitation Medicine Service 
and Spinal Cord Injury Service, Veterans Admin­
istration Center, Wood , Wisconsin 5 3 1 9 3 . 

2"H" shaped wrist-hand orthosis kit and Poly­
form solvent cleaner may be purchased from: Rolyan Medical Products, 14635 Commerce Drive, 
P . O . Box 5 5 5 , Menomonee Falls, Wisconsin 
5 3 0 5 1 . 



An Evaluation of the C.A.R.S.-U.B.C.1 Knee 
Orthosis2 

B R I A N R E E D 3 

M ore than 20 million Americans 
suffer from some form of arthritis. 

About 5 million have rheumatoid arth­
ritis, and another 12 million have some 
type of osteoarthritis (1) . 

The knee, which is the largest joint in 
the body, is a common site of involvement 
for patients with osteo or rheumatoid 
arthritis (2) . In either case, the patient 
characteristically has pain and ligamen­
tous instability when bearing weight, and 
therefore decreased mobility. Thus, an 
unstable arthritic knee is a common clin­
ical problem. 

If the disease process goes unchecked, a 
permanent deformity of flexion with 
genu varum or valgum may result (3, 4 ) . 
Such a deformity makes ambulation 
much more difficult, if not impossible 
(5) . The treatment goals for an unstable 
knee are the relief of pain, maintenance 
of stability and mobility, and the preven­
tion of further deformity. 

The use of orthoses is an important 
non-surgical method of helping to attain 
these goals. However, a review of the lit­
erature shows an absence of any on-going 
clinical evaluation that documents the ef­
ficacy of the various knee orthoses cur­
rently in use. Consequently, the clinician 
is forced to choose an orthosis on the basis 
of trial-and-error experience. 

The purpose of this study was to de­
scribe the over-all usefulness of the 
C.A.R.S. -U.B.C. orthosis (6, 7) in a sam­

ple of 10 arthritic patients with medial-
lateral knee instability as a major com­
plaint. 

While recognizing that 10 is a small 
number for an evaluation program of this 
type, it was still felt that certain labora­
tory measurements should be made in an 
effort to determine if they could lead to 
better prescription guidelines. 

The C.A.R.S. -U.B.C. orthosis (Fig. 1) 
is designed to stabilize a varus or valgus 
moment at the knee. It is a dynamic or­
thosis, providing maximum support 
when the knee is extended, as in the 
stance phase of gait. The orthosis consists 
of two plastic cuffs—one about the thigh 
and one about the shank, which are con­
nected by a telescoping rod to provide 
complete freedom in the flexed condition 
but provides a force that tends to 
straighten the knee joint in the parasagit­
tal plane upon full extension. When the 
knee is extended, the system becomes 
taut. When relief on the medial side is de­
sired, the cuffs and rod are fitted to the 
lateral side of the leg, and the leather pad 
supports the medial side of the knee. The 
opposite scheme is used to obtain relief on 
the lateral side. 

The units of the CARS-UBC knee or­
thosis were made available for evaluation 
by the University of British Columbia and 
the United States Manufacturing Com­
pany at the request of the Rehabilitation 
Engineering Center since the device fell 



Fig. 1 Various views of the C A R S - U B C knee orthosis for arthritis. These views show the orthosis fitted 
to provide for lateral instability. It can be fitted just as easily with the telescoping bar on the medial 
side of the knew to provide for medical instability. Although shown here being worn on the outside of 
trousers the orthosis may be worn next to the skin or simply with a stockinet over the knee. 



well within the scope of its charge from its 
primary sponsor, the Rehabilitation Ser­
vices Administration. 

M E T H O D 

The sample used in the evaluation con­
sisted of ten patients referred from the 
Arthritis Center of Albert Einstein Medi­
cal Center. The subjects were diagnosed 
as having rheumatoid or osteo arthritis 
with knee instability. All of the subjects 
were female, ranging in age from 47 to 
81 . The mean age was 64 .4 . Patients 
were selected on the basis of the following 
general requirements: 

1. Medial or lateral knee instability 
2. The ability or potential ability to 

ambulate independently on stairs, 
ramp and level surface 

3. Absence of complicating medical 
conditions which might contraindicate participation in the study 

4. The mental and physical ability to 
don and doff the orthosis, or a fam­
ily member who could do it 

5. Informed consent of the patient and 
physician 

The severity of involvement of each pa­
tient was assessed by using two knee-scor­
ing scales, Slocum (8) and Kettlekamp 
(9) . Each of these forms allows a score to 
be tabulated based on the knee range of 
motion, joint stability, functional capa­
bilities of the patients, etc. The two scores 
were averaged. Patients were classified as 
minimally, moderately, or severely in­
volved according to this score. 

The subjects were tested in the labor­
atory initially and again two to four 
weeks later when the patient had become 
accustomed to the orthosis. The subject 
was fitted with instrumentation and then 
was asked to ascend and descend a set of 
stairs, a ramp, and to walk on a level sur­
face. The three different surfaces were 
chosen to provide an overview of func­
tional performance. Patients ascended 

and descended the stairs (6 steps) and 
ramp (8 percent grade) twice, and they 
made four steady-state passes across force 
plates (1 .5 m long) on the level surface. 
The instrumentation used on the stairs 
and ramp included adjustable force sens­
ing transducers strapped to each shoe, 
and two knee electrogonoimeters. The 
electrogoniometer used for the involved 
limb was a parallelogram type so that 
the orthosis would not interfere with 
range of motion measurements during 
the second test session. Analog data from 
these instruments were collected on a six-
channel Gould pen recorder. For the 
level surface walking, the outsole force 
transducers were not used. Instead, the 
subject walked across strain-gage force 
plates in the locomotion laboratory. In 
addition, during level walking, a tacho­
meter string was attached to a belt over 
the patient's lumbar area to record veloc­
ity. Level surface data were collected by 
means of a general sampling program on 
a PDP-11 computer at a rate of 40 sam­
ples per second. The parameters that 
were either measured directly, or derived 
from the data, are: 

1. peak-to-peak range of motion (in­
volved knee) 

2. vertical load 
3. rate of loading 
4. swing/stance ratio 
5. task time (stairs and ramp only) 
6. velocity (level surface only) 
7. Symmetry: 

a. range of motion symmetry 
b. loading rate symmetry 
c. step length symmetry (level sur­

face only) 

In addition to the above parameters, 
static alignment photographs were taken 
of each patient before and after bracing 
(Fig. 2) . This was done using the tech­
nique developed by Cook et al (10, 11). In 
this procedure, the floor-reaction force 
vector through the patient's limb is super-



imposed on the patient's image by means 
of an optical beam splitter while the pa­
tient stands on one of the force plates. In 
this manner, the force vector indicates 
changes in torque or alignment at the 
knee. 

T h e parameters that were used were se­
lected on the basis that if the orthosis sta­
bilizes the involved knee, the patient 
should experience less pain on weight-
bearing, and should feel more secure. 
Consequently, one would expect the pa­
tient to be able to walk faster and more 
vigorously. T h e parameters, except for 
task time and the measures o f symmetry, 
would be expected to increase from prebracing to post-bracing. The assumption 
is made that if greater symmetry is an im­
provement (that it is more "normal") one 
would expect the symmetry values to de­
crease because the values used were the 
differences between right and left limb 
performance (ROM, loading rates, e tc . ) . 

At the time of the second testing, the 
subjects were asked to complete a ques­
tionnaire about the orthosis (Fig. 3 ) . The 
questionnaire was based on the criteria 
established by Cousins and Foort (12) . 
Each question was weighted numerically 
so that a score could be tabulated for the 
entire questionnaire. A perfect score was 
10 points. 

R E S U L T S 

Severity of Involvement 
Nine out o f the ten patients were clas­

sified as moderately involved. The other 
patient (No. 8) was classified as severely 
involved. 

Laboratory Results 
In an effort to stay as "close" to the 

data as possible in describing the results, 
the patient's performances are presented 

Fig. 2. Patient standing on forceplate so that posi­
tion of weight line can be recorded. T h e length of 
the weight line is proportional to the force exerted. 



Fig. 3. Questionnaire administered to patients in study. 

in the displays shown in Figures 4 . Along 
the abscissa in each display, the patients 
are listed in decreasing order of their ac­
ceptance of the orthosis according to the 
questionnaire scores. The ordinate repre­
sents the mean value of each parameter 
for the patient during the pre-bracing 
and the post-bracing test. Heavy lines 
represent an improvement from prebracing to post-bracing. Conversely, 

narrow lines represent a decrease in per­
formance from pre-bracing to post-brac­
ing. Symbols (circles, squares and tri­
angles) indicate the pre-bracing value on 
each of the various walking surfaces: up 
or down the stairs or ramp, and level 
walking. Finally, the average perfor­
mance of the group ( X ) is represented at 
the extreme right-hand side of each dis­
play. 



Fig. 4 . Range of Motion (Involved Limb) . 

Fig. 5. Vertical L o a d 



Fig. 6. Loading Rates 

Fig. 7. Swing/Stance Ratio 



Fig. 8 . Task T i m e 

Fig. 9 . Velocity of Walking 



Fig. 10. Symmetry: Loading Rate 

Fig. 11 . Symmetry: Range of Motion 



Fig. 1 2 . Symmetry: Step Length 

It appears that the group has no partic­
ular pattern of positive or negative 
change for the parameters of ROM, 
Swing/Stance Ratio, and Loading Rate 
Symmetry. This is true even though cer­
tain patients showed dramatic positive or 
negative changes on some or all of the 
surfaces. The group showed general im­
provement in the other parameters, al­
though certain subjects showed negative 
changes on some or all of the surfaces. 
How significant the various changes are is 
a debatable question especially when var­
iability is considered. As described in the 
methodology, all of the pre- and 
postbracing values are mean values. This 
means that there is some variability about 
all of the plotted values. In some cases, 
when the prebracing to postbracing 

change was very small, it was less than 
one standard deviation from the pre- or 
postbracing value. In other cases, where a 
pre- to postbracing change is very large, 
the change would certainly seem to be 
"clinically significant." 

In an attempt to look at the data with­
out attaching some critical level of signif­
icance to the size of the pre/postbracing 
changes, another type of plot was used 
(Fig. 13). Each parameter is plotted 
against the proportion of patients who 
exhibited any positive changes, no matter 
how small. The heavy bars indicate the 
proportion of positive changes for the 
group across all surfaces. The narrow 
bars indicate the proportion of positive 
change for an individual surface. The 
heavy bars are the most important since 



they represent the proportion of positive 
changes in fifty pre/postbracing changes 
(10 patients x 5 surfaces). If the orthosis 
neither helped or hindered the patients as 
a group and no other factors affected 
their gait, a proportion of about 0.5 
could be expected for all of the param­
eters, since according to the laws of prob­
ability, the pre/post changes would be 
positive as often as they were negative. It 
can be seen that all of the parameters, 
except for range of motion are above the 
0.5 level. Two parameters, ROM sym­
metry and swing/stance ratio, are only 
slightly above the 0.5 level. Loading Rate 
Symmetry is somewhat higher. Three 
parameters, Vertical Load, Loading 
Rates and Task Time, are well above the 
0.5 level. In fact, the number of positive 
changes in these parameters is significant 

at the 1 percent level when subjected to 
the Sign Test for Significance. The pa­
rameters of Velocity and Step Length 
Symmetry are also well above the 0.5 
level, but they must be considered with 
caution since they represent a smaller 
number of pre/post bracing changes 
(level surface only). 

The results of the weight line photo­
graphs were that five of the eight pictures 
obtained showed a measurable change in 
weightline location. (A measurable 
change means a medial or lateral dis­
placement of the line from prebracing to 
postbracing of 1 mm or more as mea­
sured at mid-patella on 3 in. x 5 in. glossy 
prints). All of the displacements were ap­
propriate; i.e., for a valgus knee, the line 
was moved laterally and for a varus knee, 
the line was moved medially. 

Fig. 13. Proportion of Positive Changes 



Questionnaire Results — The data from 
the questionnaire is presented in Figure 
14. 

It appears that the patients at the time 
of the follow-up wore their orthoses at 
least some of the time, a few wore it all 
the time. All but one thought it was a 
great or moderate help and that they 
functioned better with it. The other pa­
tient felt that it was no help. The greatest 
problems seem to be cosmesis, inter­
ference with clothing, and excessive pers­
piration. There are no obvious correla­
tions between patient responses and age, 
type of arthritis, or type of instability. 

DISCUSSION 

The laboratory data indicate that ex­
cept for range of motion, the overall 

functional performance of the patients 
showed general improvement with 
bracing. How clinically significant the 
magnitude of these changes are an open 
question, but there were consistently 
more positive changes than negative. 
This was especially true for Vertical 
Load, Loading Rate and Task Time. 
These three parameters may be more 
critical indicators of change than the 
other parameters. Velocity, being the 
level surface counterpart to task time 
may also be a parameter worthy of fur­
ther study. Although the average per­
formance of the group in Range of 
Motion showed gains on three out of five 
surfaces, the pre/post bracing changes 
were negative more often than positive. 
This implies that overall, the orthosis 
does not promote an improved range of 
motion in the saggital plan. It may in 

Fig. 14. Results of the Questionnaire 



fact hinder knee movement slightly in 
some patients. The group gains in range 
of motion can be attributed to dramatic 
improvements by patients 3 and 8 . 

The data from the questionnaire indi­
cate that a majority of the patients tested 
throught that the C.A.R.S. -U.B.C. or­
thosis was a reasonably good solution to 
their knee problem. It must be pointed 
out, however, that the sample consisted 
mostly of moderately involved arthritics. 
An additional twenty candidates refused 
to participate in the study. Although the 
severity of involvement of those patients 
was not documented by the knee scoring 
scales, it seems probable that most of 
them would have fallen into the minimal­
ly involved or severely involved cate­
gories. The patients who were "minimal­
ly" involved seemed to reject the orthosis 
because of its size and cosmesis. They pre­
ferred the idea of a knee corset. The 
"severely" involved patients, particularly 
those with rheumatoid arthritis, seemed 
to reject the orthosis because of problems 
in donning and doffing. Many had hand 
deformities and difficulty bending for­
ward, which prevented them from doing 
these tasks independently. Reconstruc­
tive surgery was a more palatable option 
for many of these patients. The moder­
ately involved patient's pain seemed 
severe enough to outweigh the cosmesis 
considerations, yet they were capable of 
donning and doffing the orthosis inde­
pendently. 

Although it was difficult to observe 
clinically reduced varus or valgus mo­
ments when the patients walked, the 
weight line photographs showed definite 
alignment changes in some cases. This, 
along with the generally favorable accep­
tance of the brace by the patients, leads 
one to the hypothesis that the orthosis re­
duces the end-range of a medial-lateral 
movement. This could be enough to re­
lieve pain. The result is a symptomatic 
relief but not a dramatic realignment of 

the limb. 
This study should be considered in 

light of the fact that the patient sample is 
small, and that there could have been ex­
traneous variables affecting gait in the 
two to four weeks between tests. Ex­
amples of such variables are weather 
conditions, a temporary remission of 
symptoms, or a placebo effect from the 
orthosis. 

C O N C L U S I O N 

In summary, the study found that the 
C.A.R.S. -U.B.C. orthosis can exert cor­
rective forces to an unstable knee in the 
medial-lateral plane. Our sample of 
moderately involved arthritics generally 
liked the orthosis, and they showed gen­
eral improvement in the gait parameters 
measured. 
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An Effective Orthotic Design for Controlling the 
Unstable Subtalar Joint 

J . M A R T I N C O L S O N , M . S . , C . O . 1 

G E N E B E R G L U N D 2 

S ome 14 years ago, Messrs. W . H . Hen­
derson, J . W. Campbell, and others at 

the University of California Biomechan­
ics Laboratory gave us the UC-BL shoe 
insert type of foot orthosis. The concept 
envisioned in the UC-BL design was ex­
cellent. It embodies a design concept that 
lends itself well to solving a whole range 
of malalignment and pressure distribu­
tion problems of the foot. In the years 
since 1964, several materials have come 
to be commonly used in the construction 
of this orthosis as it has gained wide us­
age. 

Since the advent of the application of 
the plastic shell design in AFO's and 
KAFO's, the principles involved in the 
proper stabilization and support of the 
pathological foot have gained new and 
greater recognition as being important. 
The plastic shell AFO and KAFO give us 
a "built-in" opportunity to do a superior 
job of supporting the patient's foot. This 
cannot be overemphasized. Nowhere is it 
as true as it is in the field of children's or­
thotics. 

Children with a whole range of neuro­
muscular disorders demonstrate a large 
potential and propensity for the devel­
opment of serious foot deformities. After 
pes equinus, the most common deformity 
is valgus instability of the subtalar joint. 

The diagram in Figure 1 shows how, in 
the coronal plane, a simple loss of foot in­
verter strength is sufficient to precipitate 
a very unstable and progressive condi­
tion. Fortunately, in cbildren, this defor­
mity is often flexible, and proper align­
ment can be achieved passively. 

Unfortunately, the foot support config­
urations we commonly see in contempo­
rary foot orthoses and ankle-foot orthoses 

Fig. 1. Destabilizing effects of gravity and Achilles-
tendon tension. 



for children are not capable of holding 
the calcaneus in alignment necessary to 
stabilize the subtalar joint. In fact, it has 
come to be the opinion of many physi­
cians, after experience with the shoe in­
sert foot orthosis, that the contemporary 

orthosis is not effective in stabilizing flex­
ible pes valgus when the instability is 
greater than moderate. This is indeed un­
fortunate. 

We doubt that the problem is the use 
of inappropriate materials, but rather 
that the problem usually results from a 
combination of failure to understand the 
procedures set forth by UC-BL and fail­
ure to develop the design beyond what 
was originally set forth. 

This paper will outline the design prin­
ciples and procedures used at Gillette 
Children's Hospital, and present a few ex­
amples of short range results. 

DESIGN P R I N C I P L E S 

To create an effective foot orthosis, we 
must achieve the following: 

• Creation of an inner contour for the 
orthosis which is capable of giving 
the foot architecture maximum pas­
sive support. 

• Positive stabilization of the orthosis 
in the shoe so that it cannot be rolled 
into a valgus orientation. 

• Stabilization of the shoe on the walk­
ing surface. 

Although the list progresses obviously 
from most difficult to easiest, all three 
elements are essential to success, and 
none can be ignored. 

I N N E R C O N T O U R 

Creation of a proper inner configura­
tion begins with an accurate model of the 
foot. The calcaneus should be well de­
fined in a position of good alignment. 
The model should possess a longitudinal 
arch, which needs not to be emphasized 
anterior to the navicular, since this may 
cause discomfort while contributing little 
to the stability of the calcaneus. 

There are a variety of procedures and 
tricks which may be used to obtain a good 
model. We position the patient supine on 
a fitting table. The borders of the malleo-

Fig. 2. Medio-lateral measurements of the foot 
necessary for correction of the plaster positive 
model. 



li and the navicular are marked with in­
delible pencil directly on the skin. We al­
so mark the anterior border of the medial 
aspect of the calcaneal tuberosity. A 
piece of surgical tubing is taped longitu­
dinally to the dorsal surface of the foot, 
and petroleum jelly is applied to the skin 
avoiding the indelible marks. After ap­
plying an elastic plaster bandage, a cast­
ing board is pressed against the plantar 
surface of the plaster covered foot. With 
one hand, the orthotist grasps the fore­
foot against the casting board, while the 
other hand holds the calcaneus in proper 
alignment. Inward rotation of the foot 
may also be helpful as outlined in the 
original UC-BL paper (1) . Partial 
weightbearing is simulated by the orthot­
ist exerting pressure against the base of 
the casting board. 

After obtaining the model, the width 
of the bare foot is measured at the meta­
tarsal heads and at mid-heel point (Fig. 
2) . These measurements are taken with 
the stick pressed against the plantar sur­
face so that a measurement approximat­
ing the weightbearing configuration is 
obtained. 

The positive model is smoothed, and 
the M-L dimension at the metatarsal 
heads is brought to measurement. The 
plantar surface at and just proximal to 
the metatarsal heads and at the heel is 
flattened precisely perpendicular to the 
vertical (Fig. 3). In cases where the defor­
mity is severe, it is advisable to flatten the 
heel at a slight angle (4 deg to 7 deg. de­
pending on severity), by removing more 
plaster from the medial side. The fore­
foot is left alone at this point. (It will be 
shown later how this wedge effect is sup­
ported.) Figure 4 illustrates the align­
ment of the metatarsal and heel flats in 
the severe case. The M L dimension of 
the base of the heel is brought to 0.3 cm. 
under measurement by removing plaster 
from the lateral tissue bulge at the base of 
the heel. 

Perhaps the most important step in 
cast modification is exaggeration of the 
posterior aspect of the longitudinal arch 
(Fig. 5) and blending this in with the me­
dial support area above the calcaneal tu­
berosity (Fig. 6) . At this state, the mark­
ings locating the navicular and the cal­
caneal tuberosity become very important. 
It is between these two features that it is 
necessary to remove plaster aggressively 
in order to create the pressure needed to 
support directly the calcaneus in the area 
of the sustentaculum tali (Fig. 7) . The 
amount of plaster removed depends on 
the size of the foot and the thickness of 

Fig. 3. Posterior view of the positive model 
showing the orientation of metatarsal head and 
heel flats. 



Fig. 4. Diagram illustrating the orientation of the 
flattened areas in the more severe case. The dia­
gram shows the foot upside down as it would be 
during modification. 

Fig. 5. Exaggeration of the posterior aspect oi the 
longitudinal arch is very important. 

subcutaneous tissue. It is not uncommon 
for us to remove plaster to a maximum 
depth of 0.8 cm. (1/4 inch) on the model 
of a juvenile foot. T o do this without 
causing tissue damage requires respect of 
the borders of the calcaneal tuberosity 
and, especially, the navicular. 

The effectiveness o f a good supporting 
inner contour should never be compro­
mised by an improper trim line. Trim 
lines on the medial aspect should be as 
high as is comfortable and practical. On 
the lateral aspect, they can be consider­
ably lower. 

Richard Lehneis (2) pointed out sev­
eral years ago the disadvantages of sup­
porting the midfoot primarily and relying 
on medial ligaments such as the spring 
ligament to transmit this support back to 
the calcaneus (Fig. 8). It is likely that this 
(latter) approach will merely result in 
greater hypermobility of the subtalar 
joint. 

S T A B I L I Z I N G T H E O R T H O S I S 

Positive stabilization of the orthosis in 
the shoe is accomplished by means of a 
medial heel extension lump. When the 
model is covered with hot polypropylene, 
0.3-cm. thick, a small piece of hot poly­
propylene, 0.6-cm. thick, is pressed onto 
the medio-plantar aspect of the heel por­
tion of the first layer. The result is an ex­
tra lump of material fusion-bonded to 
the outside of the shell. Later, when the 
assembly has cooled and frozen, the lump 
is ground down to square it off as shown 
in Figure 9. 

Figure 10 is a cross-section of the foot 
orthosis without the medial heel exten­
sion. As the foot tends to roll the orthosis 
into valgus, the orthosis will tend to tip 
up and roll over the point of most medial 
contact. A resisting moment (W times r, 
the distance of that point from the weight 
line) will tend to prevent this from hap­
pening. As can be seen form the diagram 



Fig. 6. Diagram of medial support areas. 

Fig. 7. Photograph showing the surface contour of the medial support area . 



Fig. 8. Apex of arch centered in the area of the navicular. Support must be transmitted to the calca­
neus via the spring and other medial ligaments. 

Fig. 9. Photograph of the medial heel extension. 

Fig. 10. Cross-section through the heel area of the 
Shoe Insert Type Foot Orthosis as commonly pro­
vided. 



Fig. 11 . Stabilizing effect of the extension on the medial aspect of the heel of the Foot Orthosis. 

of Figure 11, the addition of the medial 
heel extension significantly increases the 
moment arm, R, and it has much greater 
resistance to being rolled into valgus. 

In those more severe cases where we 
have angled the heel medially, the poly­
propylene which we added to create a 
medial extension is utilized also as a 
wedge (Fig. 12). This wedge should be 
equivalent to the amount of plaster re­
moved from the medial plantar aspect of 
the heel during model modification. It 
extends part way under the heel support­
ing the orthosis in the correct alignment. 

When treating a varus instability, the 
inner contour of the orthosis will not con­
tain the medial calcaneal support fea­
ture, and the extension will be placed on 
the lateral side of the heel instead of the 
medial side. 

Robert Nitschke (3) has also been using 
a medial heel extension, but his have 
been on a design using Orthoplast. 

S T A B I L I Z I N G T H E S H O E 

Stabilizing the shoe on the walking sur­
face is usually not a problem if everything 



else has been done correctly. The chil­
dren seen here wear a wide variety of 
shoes with their foot orthoses including 
tennis shoes. We do tell our patients to 
avoid shoes with narrow heels, especially 
those made of the softer materials, be­
cause such heels may allow the entire 
foot-orthosis-shoe complex to roll quickly 
into valgus. 

R E S U L T S 

We at Gillette Children's Hospital are 
pleased about the results we have been 
getting with this design during the past 
two years. Most of the children we treat 
have long range orthopedic problems, 
and preventing or at least minimizing 
foot deformities in these children is also a 
long range endeavor. It should begin cer­
tainly while the deformity is still flexible 
and bone deformities are still minimal. 
Treatment probably should continue un­
til the deforming forces have been allevi­
ated in the bare foot or through the end 
of growth, whichever comes first. Perhaps 
this is a good time to point out that al­
though this foot orthosis does find some 
application in club foot and other 
congenital foot deformities, this paper 
discusses application in the more flexible 
deformities generally acquired after 
birth. 

Figure 13 is the photograph of the foot 
of a six-year-old child with myelomenin­
gocele. Although her deformity is serious, 
the calcaneus can still be brought into 
good alignment (Fig. 14). The photos of 
Figures 15A and 15B show her moments 
later in her orthosis. Although her shoe 
and orthosis obscure the view of her foot, 
there seems little doubt about the im­
provement. 

Figure 16 is a photograph of the feet of 
a ten-year-old child with a glycogen stor­
age disease. Again the deformity is quite 
severe, but flexible. Figure 17 shows two 
views of him standing in his orthoses. 

Fig. 12. The polypropylene medial heel extension 
is ground flat on a horizontal plane to create a 
wedge supporting the orthosis in proper align­
ment. 

Fig. 13 . Photograph of the weightbearing foot of a 
six-year-old child with myelomeningocele. 



Probably better than 80 percent of our 
patients who require orthotic treatment 
across the ankle or across the knee and 
ankle possess a potentially serious valgus 
instability of the subtalar joint. The tech­
niques outlined for generating a support­
ing inner contour are used to equally 
good advantage in our plastic AFOs and 
KAFOs. Proper alignment and support 
below the subtalar joint reduces or elim­
inates the need for valgus corrective 
straps and padding above the ankle. 

T h e purpose which the outrigger lump 
serves on the FO is generally, of course, 
not appropriate on the AFO or KAFO. 

Finally, the subtalar joint also exhibits 
some plantar and dorsiflexion motion 

Fig. 14. Illustration o f the flexibility o f the foot de­
formity in the six-year-old child. 

Fig. 15 . Photographs o f the same six-year-old in her Foot Orthosis and shoe. 



Fig. 16. Photograph of the weightbearing feet of a 
ten-year-old child with a glycogen storage disease. 

Fig. 17. Photographs of the child of Figure 15 
wearing his Foot Orthoses and shoes. 

and transverse rotation. We do not want 
to leave this subject without commenting 
briefly on what happens in the sagittal 
plane. 

The top view in Figure 18 is the lateral 
weightbearing X-ray of the bare foot of 
the girl in Figures 13, 14, and 15. The 
navicular is in very close proximity to the 
floor, and it can be seen easily that the 
calcaneus and talus are in a relatively 
plantar-flexed position. 

The bottom view of Figure 18 is an X -
ray moments later of her foot in the 
orthosis and bearing weight. Weight-
bearing forces have obviously been shift­
ed forward and medially off the tuberos­
ity of the calcaneus. The distance from 
the navicular to the insole has been al­
most doubled. The flesh pad under the 
calcaneal tuberosity is now almost twice 
as thick, proving decompression, but the 
calcaneus and talus are still relatively 
plantarflexed. Obviously, this aspect of 
the deformity is not as flexible as the val­
gus instability. 

When plantarflexion of the calcaneus 
is due to spastic plantar-flexor muscles, it 
is pretty clear that both surgical and or­
thotic treatment are required for correc­
tion. This child does not have this prob­
lem, and tight ligaments are probably 
preventing the hind foot from assuming a 
more dorsiflexed position with respect to 
the forefoot. It will be interesting to see if 
these ligaments loosen with time, allow­
ing the talus and calcaneus to assume a 
more normal dorsiflexion angle. 

A C K N O W L E D G M E N T S 

The authors wish to acknowledge the 
contributions made by the other mem­
bers of the Orthotic and Prosthetic Lab­
oratory at Gillette Children's Hospital. 
The sketches and diagrams were by Carol 
Novak. The photography was by Ken 
Jandl and Gordon Dunn. 



Fig. 18, Lateral weightbearing X-rays o f six-year old patient shown in Figures 12, 13, and 14 in lat­
eral weight-bearing without orthosis (top) and with the orthosis (bot tom) 
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Orthotic Management of the Late 
Postpolio Patient1 

C H A R L E S P R I T H A M 2 

R E B E C C A C R A I K 3 
T H O M A S M . C O O K 3 

S ince the introduction of a vaccine in 
1954 by Dr. Jonas Salk, poliomyelitis 

has ceased to be the scourge that it once 
was in the western nations. This is not to 
say that polio is not still with us, for it is 
a very real presence in many parts of the 
world, and in the developed countries 
sizable populations affected in youth re­
main. It is this latter group that is the 
concern of this paper for it has been 
noted by a number of practitioners that 
an increasing number of older post-polio 
patients are seeking orthopedic solutions 
for their problems. The challenge pre­
sented by such a patient is a formidable 
one, and, while we can certainly not 
claim to have all the answers, we have 
garnered some experience and attempted 
to formulate guidelines which we herein 
offer for consideration. 

Infantile Poliomyelitis is a viral infec­
tion that affects the anterior horn cells of 
the spinal cord resulting in flaccid 
paralysis but leaving the sensory system 
intact. It affects primarily the lower 
limbs. The two features, flaccidity and 
sensation, result in the common patho­
logical picture regardless of the level of 
involvement. Good early management 
and the absence of spasticity has pro­
duced patients that are typically free of 
severely deforming flexion contractures 
and are able to adopt such compensatory 

movements as genu recurvatum and to 
otherwise make the best use of the re­
maining musculature. 

Conversely, the lack of supporting 
muscles with their resilience and shock 
absorbing capacity implies that joints are 
prey to arthritic deterioration and the 
gradual stretching of ligaments, both of 
which may result in disabling pain. In a 
similar fashion sensation offers definite 
advantages and potential long term dis­
advantages. Unlike patients with injury 
to the spinal cord, the individual with 
polio is able to make optimum use of 
remaining muscles and thus a knowledge 
of joint positions to substitute for missing 
function. However, increasing deformity 
about the joints can result in pain and a 
decrease in function. 

T H E C L I N I C A L P I C T U R E 

In general, postpolio patients are refer­
red for one of two basic problems, al­
though both as well as others are often 
present in the same patient. The first and 
possibly the easiest to cope with is pain. 
Pain can result not just from wear and 
tear, but also from angular deformity 
that unduly stresses supporting elements 
of the involved joint. It must be borne in 



mind that these angular deformities are 
often of a functional nature. The goal in 
treatment is not to restore correct align­
ment, but to block the extreme of motion 
and reduce the pain to a tolerable level. 
Genu recurvatum is the best example of 
this principle. 

The other broad category encountered 
is debility and an ensuing inability to 
cope as well as before. Frequently the in­
crease in debility has been gradual and 
undramatic, and the patient complains 
of an increase in fatigue, unsteadiness, 
and experiences more falls than was the 
case formerly. In other instances the 
patient is seen under more dramatic cir­
cumstances in the aftermath of some 
recent illness or surgery (itself often times 
a result of increasing age) or after healing 
of a fracture (possibly a side effect of the 
unsteadiness cited above). In these in­
stances, the loss in strength can be pro­
nounced and is a considerable source of 
concern to the patient. In any event, 
this broad category of increasing debility 
is a difficult one to cope with and the 
goals must often be of a limited nature. 
It may well be that the only recourse is to 
stop motion at a joint so as to further 
compensate for a failing compensatory 
motion in order to increase safety and 
enable the patient to use available re­
sources to a better effect elsewhere. In 
either category the problem for which 
help is sought is not necessarily in the 
most severely involved extremity, but in 
the so-called "sound side." The limb 
may be failing as a result of the high 
loads put on it over the years and the best 
treatment may well be to restore the more 
severely involved leg to a more functional 
state, thus relieving the "sound side" of its 
unequal share of the load. 

As a result of their intact sensory sys­
tem and capability for compensatory 
motions, when first seen patients may 
well relate a history of having discarded 
whatever orthosis had been provided pre­

viously or of retaining only a portion of 
it. This abandonment is generally de­
scribed with pride as an example of 
recovery (as well as a benefit of tendon 
transfers and bone blocks) and of the 
patient's ability to find a satisfactory solu­
tion to his own problems despite the 
somewhat ineffectual, but well intention-
ed help of a clinical team years ago. 
When this attitude is coupled with the 
normal aversion to wearing an orthosis 
that is not strictly necessary, it is not hard 
to understand the anxiety and even out-
right hostility with which any suggestion 
that an orthosis may be needed is greeted. 
It is difficult to convince them that with 
age their stamina and strength have 
decreased, adversely affecting their abil­
ity to compensate. It is equally hard to 
convince them that whatever measure of 
deformity and pain they are experiencing 
is quite likely to progress with debilitating 
results unless some measure of prophylatic treatment is instituted and main­
tained. Winning their confidence and 
cooperation is a formidible obstacle that 
must be accomplished by the clinic team. 

This discussion of the clinical picture 
is of a general nature and is compiled not 
just from our own somewhat limited clin­
ical experience. but also from discussions 
with other professionals seeing similar 
numbers of patients. It is put forth, not 
as a totally accurate and all inclusive 
description, but as an orientation to a 
problem that is uniquely difficult and in­
frequently encountered by most clinical 
teams. 

P R E S C R I P T I O N P R I N C I P L E S 

Orthotic prescription for the postpolio 
patient is a formidable problem, not only 
owing to the physical condition of the 
patient, but also because of the individu­
al's past experience with orthotic devices. 



The patient may have rejected all or­
thoses at some point in the past and may 
be unwilling to consider an orthosis now. 
In another instance, the patient may have 
worn one particular orthosis for years and 
be completely opposed to any change. 
This hesitancy is best overcome by citing 
the advances in materials and fabrication 
techniques that have been made and the 
potential benefits these changes offer. 
Orthoses fabricated from polypropylene, 
polyethelene, and aluminum joints 
around an individual mold taken from 
the patient's limb offer not just greater 
comfort, cosmesis, and improved con­
trol, but also lighter weight, an impor­
tant consideration for those individuals 
with full sensation and decreased 
strength. In addition, that the shoe need 
not be an integral part of the orthosis is 
a telling point for it means that the 
patient will have a wider range of foot­
wear available and will be able to change 
shoes with almost total freedom. 

During the formulation of the pre­
scription and the actual fitting process, 
the need for compromise and "tailoring" 
of the orthosis must be kept in mind. It is 
often difficult to determine the real needs 
of the patient and the practitioner may 
find himself imposing his misconception 
of the problem on the patient, to their 
mutual frustration. At all times the clinic 
team must be willing to sacrifice second­
ary goals in order to retain primary ones. 
Wearing of an orthosis implies not only 
acceptance of its advantages, but also its 
disadvantages and to win acceptance it is 
necessary to "maximize" the one and 
"minimize" the other. Some portion of 
the orthosis may not only be uncomfort­
able or cumbersome, but actually inter­
fere with compensatory motions with 
disastrous implications. The need is to 
decide whether or not the offending por­
tion can be sacrificed without adverse 
effects. This is nothing more than a re­
iteration of the principle that an orthosis 

should perform only the intended func­
tion and nothing more, but it cannot 
be emphasized enough when dealing with 
the postpolio patient. 

The fitting process is likely to be a long 
and arduous one demanding much pa­
tience and tact from all concerned. A 
decision to fit the postpolio patient 
should not be taken lightly and the pre­
scribing physician will spare both the 
orthotist and the patient needless frustra­
tion, expense, and inconvenience if he 
will first determine not just a real press­
ing need for an orthosis, but also a 
sincere willingness on the patient's part to 
accept such a solution. Moreover, every­
one should know beforehand that success 
is not assured and when it is abundantly 
clear that a successful solution is impos­
sible, they should be willing to face the 
facts squarely and call it "quits" on good 
terms. 

CASE H I S T O R I E S 

The following case histories have been 
chosen to illustrate one or more points 
made in the previous discussion. 

CASE NO. 1 (Fig. 1) 

C.H. is a 24-year-old speech therapist 
with an onset of polio at age four. Despite 
general weakness, hip flexion contrac­
tures, and a lower-limb length discrep­
ancy, she has walked with crutches and 
led an independent life. In the summer of 
1977 she was seen by the prescribing 
physician, complaining of difficulty with 
gait, increased fatigue, discomfort in 
stance, and occasional buckling of the 
right knee. Examination revealed that 
her more involved side, the right, demon­
strated shortening, subtalar inversion, 
and genu valgum arid recurvatum. In 



Fig. 1. C.H. with and without K A F O . Weightline visualization techniques demonstrate the improve­
ment in alignment with a decrease of Genu Recurvatum. For an explanation of weightline visualiza­
tion consult reference 7. 

addition, it was determined that the left 
knee demonstrated recurvatum. Follow­
ing examination in the Gait Clinic it was 
decided to fit the more severely involved, 

right, leg with a KAFO with offset knee 
joints and optional drop lock to support 
the ankle and limit the painful genu 
valgum and recurvatum. Following ini-



tial delivery of the orthosis the patient 
was seen a number of time for minor 
adjustments. At the last consultation, she 
was walking with a free knee and report­
ed a cessation of pain in both knees. As a 
result, plans to apply an orthosis to the 
"sound" left knee were abandoned. 

CASE NO. 2 (Fig. 2) 

L.S . , a 64-year-old male, was seen on 
referral to be fitted with a new orthosis 
lighter than the one he had been wearing 
for some 20 years. A printer by trade, 
L.S. had been fitted originally with an 
orthosis after a fall at work in an attempt 
to prevent reoccurrences and potential 
damage to the knee. Examination re­
vealed that the residual effects of polio 

were essentially confined to the one limb 
and that the orthosis was forged of 
carbon-steel with partial ischial gluteal 
weightbearing, bail lock, and a sandal 
that fitted inside of the shoe. The pa­
tient's only real complaints with this or­
thosis were the bail lock which interfered 
with his pants and the need for shoe 
modifications to accommodate the 
sandal. A previous attempt had been 
made to fit him with a polypropylene 
orthosis without success. The patient 
stated that he felt insecure in this ortho­
sis and objected to the drop locks. It turn­
ed out that his orthosis had been fabri­
cated without ischial gluteal weight-
bearing and that the knee sagged into 
flexion on weightbearing. An impression 
was taken and a new polypropylene 
orthosis was fabricated, in which ischial 

Fig. 2. L .S . photographed in the same instance of the gait cycle with his old steel orthosis and the new 
one fabricated of lightweight materials. Alignment is essentially unchanged as demonstrated by the 
position of the weight line relative to the limb. 



gluteal weightbearing and a bail lock 
were incorporated. Considerable effort 
and several fitting sessions were necessary 
to adjust the KAFO to the patient's satis­
faction. While he appreciated a decrease 
in weight, it was only after the new or­
thosis fitted as well as the old one that he 
preferred it to his original. 

CASE NO. 3 (Fig. 3) 

L . B . , a 35-year-old female with a 
history of polio at age 12, was referred 
to us with a prescription for bilateral 
KAFO's to support her painful knees. She 
was ambulatory despite a pattern of such 
diffuse weakness that she was unable to 
rise from a normal height chair without 
assistance. Essentially, the only muscles 
better than trace or poor in the lower 
limbs were her toe flexors, and to walk 
she found it essential to wear shoes with 
high heels. The functional genu recurvatum that enabled her to walk had been 
causing an increase in pain just prior to 
her appearance at the clinic, and she was 
using a wheelchair more than before. 
Due to the unique nature of her gait pat­
tern and the role played in it by the com­
pensatory motions and her musculature, 
it was decided that it was vital to address 
only the specific complaint with as few 
side effects as possible. After gaining the 
physician's approval to a change in pre­
scription, she was cast for bilateral supra­
condylar knee orthoses (S.K.O.'s) as 
described by Hans R. Lehneis. The inten­
tion was to block only the extreme of 
genu recurvatum and thus the pain with­
out interfering with the vital function this 
compensatory motion played in her life. 
As a result of the high loads generated in 
the soft tissues and the shrinkage that re­
sulted it was necessary to see the patient 
persistently over a period of six months 
for adjustments before a stable state that 

was both comfortable and functional was 
achieved. Follow up after a year and a 
half reveals that she is still wearing the 
orthosis. 

Fig. 3. L . B . photographed with weightline visual­
ization techniques and ambulating with bilateral 
supracondylar knee orthoses. Recurvatum and the 
torque generated by the force line in the right knee 
are readily appreciated. 



CASE NO. 4 (Figs. 4 and 5) 

M.R . , a 59-year-old male who had 
polio at age three, was seen for treatment 
of progressive genu valgum and recurva­
tum in the right leg. He has worn a 
Swedish knee cage unsatisfactorily for 
this condition, and has walked for many 
years with crutches. The condition has 
worsened since he fractured his left hip 
two years before presenting. In addition 
there is marked involvement of both feet. 
After discussion with the patient and the 
clinic team a plastic impression was made 
and a KAFO with single axis free flexion 
knee joints was fitted. During the initial 
fitting it was necessary to extend the trim-
lines about the knee and add a broad 

leather band to win patient acceptance. 
Subsequently he was seen because the or­
thosis felt heavy (2 1/2 pounds), cumber­
some, and interfered with driving and 
stair climbing. T o meet these objections 
all function about the ankle was sacri­
ficed, rendering the ankle portion flex­
ible and purely a suspensory component. 
Material was removed where possible in 
other areas, and the broad leather strap 
posterior of the knee was replaced by a 
one-inch-wide Dacron strap that passed 
in an oblique fashion from one side over 
to and about the joint on the opposite 
side of the knee and back again (Fig. 5 ) . 
This idea for knee control was borrowed 
from Robert Nitschke's design for a single 
upright KAFO, and the patient found it 

Fig. 4 , M . R . ambulat ing in walkway without and with the orthosis. 



Fig. 5. Ultimate configuration of M.R.'s orthosis. 
Proximal thigh section covers the anterior portion 
of the limb and at the patient's request the heel 
portion of the foot plate has been eliminated, with­
out deleterious effects. T h e ankle portion has been 
reduced to a very flexible leaf spring and serves 
only for suspension of the more proximal portions 
of the orthosis. 

more comfortable than the previous ar­
rangement. He has been seen since for 
adjustment to the ankle and addition of a 
strap over the distal tibia for proper con­
trol of the genu recurvatum which the 
patient found to be comfortable and 
tolerable. The net result after some 
effort is an orthosis that specifically con­
trols the undesired motion at the knee 
and sacrifices any other function in order 
to win the patient's acceptance. Subse­
quent to the original fitting period the 
patient was seen for replacement of the 
distal lateral upright which had broken 
from the stress applied to it by the 
oblique strap. While he had formerly 
been reluctant to wear an orthosis the 
patient now stated that he was unable to 
do without one and found the present 
KAFO of considerable benefit. 

DISCUSSION 

That postpolio patients are currently 
presenting with increased muscle weak­
ness, skeletal deformity, and joint pain 
which is interfering with a previously 
achieved level of independence is cor­
roborated in several other documented 
case studies (1 ,2 ,3 ) . A common explana­
tion for this functional deterioration has 
been that paretic or flail musculature 
cannot provide adequate joint and long-
bone protection and thus leads to liga­
mentous laxity, articular damage, de­
formity and pain. This rationale has been 
applied regardless of the etiology for 
these clinical symptoms, e.g., inadequate 
surgical or orthotic intervention in early 
management, lack of appropriate follow-
up, and chronic stress on inadequate 
tissues. However, a review of the litera­
ture yields very few attempts to correlate 
these or any other etiological factors to 
the clinical manifestations. Moreover, 
the studies cited seriously question the 
validity of this common clinical assump­
tion (4 ,5 ,6 ) . 



The additional muscle weakness with 
which these patients present has been 
attributed to chronic stress on inadequate 
tissue which leads to trauma and fatigue. 
In an attempt to relate this etiology to the 
latent weakness, Campbell, Williams, 
and Pearce presented five case studies 
and reviewed 83 similar cases presented 
in the literature (4) . The only conclusion 
drawn from this study was that the latent 
weakness followed a benign course. Ex­
amination of the sites of the involved 
muscles did not justify the selection of 
stress as the sole causative factor. Addi­
tional explanations for this muscle weak­
ness included reoccurrence of the original 
disorder, persistence of a latent virus or 
a secondary biochemical disorder. 

An explanation used to explain the 
presenting symptoms of deformity and 
pain is that prior surgical intervention is 
no longer adequate leading to unwanted 
joint motion and degenerative joint 
changes. Robins examined the late results 
of triple arthrodesis, a standard opera­
tion used to stabilize the foot in patients 
with poliomyelitis (5) . Sixty feet of polio­
myelitis patients who had undergone 
surgery ten to twenty-four years previ­
ously (mean = 19 years) were examined. 
Robins reported only a low incidence of 
lateral ankle instability indicating the 
long-term success of this intervention and 
a striking absence of osteoarthritis of the 
ankle joint. 

Glynn, et al (6) examined the presence 
of osteoarthritis in the lower limbs of 
patients with poliomyelitis. The hip and 
knee joints were examined in 100 patients 
who had been diagnosed as having polio­
myelitis at least ten years previously. 
Patients selected had primary involve­
ment in one lower limb, wore a "long-
leg" orthosis, and ambulated regularly. 
Both lower limbs of each patient were 
examined and a similar number of age 
and sex-matched healthy subjects were 
used as controls. The results indicated 

that the osteoarthritis demonstrated 
radiographically in the joints of the more 
involved limb was considerably less than 
that found in the stronger limb. This 
could be explained by assuming that the 
stronger limb was absorbing most of the 
weight, thereby sparing the more in­
volved limb. However, the incidence of 
osteoarthritis was similar when com­
paring the radiographic findings of this 
limb to the lower-limb joints of the con­
trol sample. The explanation that the 
polio patients generally ambulate less 
than healthy subjects and therefore re­
quire longer to develop degenerative 
problems was also examined. There was 
no indication that the patients who were 
more active had any increased incidence 
of osteoarthritis when compared to those 
patients who walked less frequently; fur­
thermore, these patients were presenting 
with the symptoms generally ascribed to 
degenerative joint disease, e.g., pain and 
deformity. These data refute the com­
mon assumption that chronic stress on a 
muscularly inadequate limb leads to 
osteoarthritis. In fact, the incidence of 
osteoarthritis was significantly lower than 
that found in the age and sex-matched 
healthy control sample. These findings 
led the authors to suggest that the re 
sidual paralysis following poliomyelitis 
in some way hinders rather than pro­
motes the development of osteoarthritis. 

This cursory review of the literature 
raises questions of a fundamental as well 
as a clinical nature. It appears that the 
underlying mechanisms responsible for 
the clinical symptoms merit further inves­
tigation and should include the follow­
ing: 1) the etiology of the latent muscle 
weakness; 2) the physiological mechan­
isms responsible for the apparent pre­
vention of osteoarthritis in this popula­
tion; 3) the source of the persistent com­
plaint of joint pain in the absence of any 
degenerative disease; 4 ) the implications 
of these findings to other disease cate-



gories which produce chronic disability, 
e.g., cerebral vascular accident, cerebral 
palsy, spina bifida. Furthermore, al­
though an increasing number of post­
polio patients are returning for clinical 
treatment, there is a surprising dearth of 
literature to which the clinician can re­
fer. No literature was found which pre­
sented a comprehensive clinical picture 
of these patients nor were there articles 
to suggest a management regime. Per­
haps an investigation into the long term 
effects of orthotic or surgical intervention 
for this patient population would provide 
insight into the early management of 
other disease categories which produce 
chronic disability. 
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Gait 
September, p. 32 

Rubin, Gustav; Scheinhaus, Arthur 
A Modification of the Porous Below-Knee Soft Socket 
Insert 

March, p. 3 

Vamau, David A. 
The Polypropylene Single-Hip Spica 
September, p. 7 
Wagner, Eugene 
Metrication in the United States and Canada 
September, p. 49 

Wilson, Michael T. 
Spenco-Lynadure Soft Inserts 
September, p. 21 
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Zamosky, Isidore 
New Concepts in the Corrective Bracing of Scoliosis, 
Kyphosis, Lordosis 
December, p. 3 

Title Index 

Adapted Driver Education Publications 
Dolverd, Edward C ; DeMauro, Gerald E.; Less, 
Menahem; Young, Judy 
September, p. 56 

An Ankle-Foot Orthosis for Immobilization of the 
Ankle 

Arnold, William D.; Kramer, Herbert E. 
September, p. 3 

The Functional Ratchet Orthotic System 
Guilford, Arthur W.; Hoy, David J . 
June, p. 21 

The "Gillette" Sitting Support Orthosis 
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The McFarlen Below-Knee Suspension System 
McFarlen, J.M. 
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Metrication in the United States and Canada 
Wagner, Eugene 
September, p. 49 

A Modified Hook-To-Cable Adaptor 
Fornuff, Donald L. 
December, p. 46 

Modifications of a Maclaren Buggy Major for 
Orthopaedic Seat Inserts 
Barber, Edward L. 
March, p. 6 

A New Non-Invasive Halo Orthosis for Immobilization 
of the Cervical Spine 
Berretta, G.; Hadjipavlou, A.G.; Wilson, D.L. 
March, p. 16 

A New Orthotic Concept in the Non-Operative 
Treatment of Idiopathic Scoliosis 
Glancy, John 
December, p. 15 

New Underarm Three-Point Holding Orthosis for 
Management of Low Scoliotic Curves 
Morein, G.; Seelenfreund, M.; Schuster, I. 
December, p. 32 

Orthotic Management for Genue Recurvatum and 
Genu Varus 
Kendrick, Margaret M.; Weintrob, Joan C. 
September, p. 25 

Orthotic Management of High Thoracic-Low Cervical 
Fractures 
Dralle, Alan; Lehmann, Justus; Lund, Stephen 
December, p. 11 

The Orthotic Management of Lumbar Lordosis and 
the Relationship to the Treatment of Thoraco-Lumbar 
Scoliosis and fuvenile Kyphosis 
Bannell, William; Van Hanswyk, Edward P. 

June, p. 26 

Plastics in Lower-Limb Orthotics 
Almeida, Manuel J . ; Carlow, Warren A. 
March, p. 25 

The Polypropylene Single-Hip Spica 
Varnau, David A. 
September, p. 7 

A Prosthetic and Orthotic Measuring Table 
Gleave, J .A.E. ; FIBST, FISPO, AMBIM 
June, p. 3 

Procedures for Obtaining Casts for Ankle-Foot Orthoses 
Koch, R.D.; Tyo, J .H. 
June, p. 12 

A Quick-Change Ankle Disconnect for a Below Knee 
A mputation 
Baehr, Ernest; Simek, John 
March, p. 32 

Modifications of a Maclaren Buggy Major for 
Orthopaedic Seat Inserts 
Barber, Edward L. 
March, p. 6 

A Modification of the Porous Below-Knee Soft Socket 
Insert 
Rubin, Gustav; Scheinhaus, Arthur 
March, p. 3 

New Concepts in the Corrective Bracing of Scoliosis, 
Kyphosis, and Lordosis 
Zamosky, Isidore 
December, p. S 

New Dimensions for Prosthetic Socks 
Field, Martha 
March, p. 10 

Reinforced Lower-Limb Orthosis Design Principles 
Clark, Darrell B.; Lunsford, Thomas R. 
June, p. 35 

The Salop Skate-An Orthosis for Improving 'Drag-To' 
Gait 
Rose, G.K.; Stallard, J . 
September, p. 32 

Spenco-Lynadure Soft Inserts 
Wilson, Michael T. 
September, p. 21 

Tissue Pressure Tolerance as a Guide to Wrist-Hand 
Orthosis Design 
Lunsford, Tom; Toderan, Duane 
September, p. 37 
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R E S O L U T I O N C O N C E R N I N G T H E M E T R I C S Y S T E M 

T h e following resolution was adopted by the Board o f Directors o f the American 
Orthotic and Prosthetic Associat ion at its meeting in San Diego Oc tober 3, 1973: 

W H E R E A S by Act o f Congress it has been determined that the United 
Sta 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 or thot ic /piosthet 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 American Orthotic and Prosthetic Associat ion 
endorses the use o f the metric system 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 Associat ion urges the editors o f its j o urnal Orthotics 
and Prosthetics to c o m m e n c e the dual reporting o f v. eights and 
measurements in both the English and metric sys tems at the earliest 
possible date with the object ive o f employing the metric system solely 
by the time o f the 29th Volume in 1975. 
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M E T R I C S Y S T E M 
C o n v e r s i o n F a c t o r s 

L E N G T H 

Equivalencies 
angst mm = 1 X 10 1 0 meter ( 0 . 0 0 0 0 0 0 0 0 0 1 m) 

' mi l l imicron* = 1 X 10 9 meter ( 0 . 0 0 0 0 0 0 0 0 1 m) 
micron ( m i c r o m e t e r ) = 1 X 10 6 meter ( 0 . 0 0 0 0 0 1 m ) 

T o Convert from T o Mult iply by 

inches meters ",n_"<4--

feel meters 0 . 3 0 4 8 0 + 

yards meters 0 3 ) 1 4 4 0 + 
miles k i lometers 1.6093 

A R E A 

T o convert from 

square inches square meters 0 00063616+ 
square feet square meters . 0 9 2 9 0 3 

V O L U M E 

Defini t ion 

1 liter = 0 . 0 0 1 + cubic meter or one cubic dec imete r ( d m 3 ) 
(1 millil i ter = 1+ cubic c e n t i m e t e r ) 

T o convert from T o Multiply by 

cubic inches cubic cen t imete rs 1 6 , 3 8 7 
ounces (U S". fluid) cubic cen t imete rs 2 9 . 5 7 4 
ounces (Br i t fluid) cubic cen t imete rs 28 4 1 3 

: pints (1 S. fluid) cubic cen t imete rs 4 7 3 . 1 8 
pints (Bri t fluid) cubic cen t imete rs 5 6 8 . 2 6 
cub ic feet cub ic meters 0 . 0 2 8 3 1 7 

M A S S 

T o convert fro T o Multiply by ' 

pounds (avdp.) ki lograms 0 . 4 5 3 5 9 
slugs* kilograms 14 5 9 4 

F O R C E 

T o convert f rom T o Multiply by 

ounces-force ( o z f ) newtons 0 . 2 7 8 0 2 
ounces-force ( o z f ) ki logram-force 0 . 0 2 8 3 5 0 
pounds-force ( Ib f ) newtons 4 . 4 7 3 2 
pounds-force ( Ib f ) ki logram-force 0 . 4 5 3 5 9 

*This double-prefix usage is not desirable. This unit is actually a nanometer ( 1 0 - 9 meter = 10- centimeter). 
f For practical purposes al subsequent digits are / c ios 
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S T R E S S ( O R P R E S S U R E ) 

To convert from 

pounds-force/square inch (ps i ) 
pounds-force/square inch (ps i ) 
pounds-force/square inch (ps i ) 

T O R Q U E ( O R M O M E N T ) 

T o convert from 

pound-force-feet 
pound-force-feet 

E N E R G Y ( O R W O R K ) 

T o 

newton/square mete r 
newton/square cen t ime te r 
ki logram-force/square cen t ime te r 

T o 

newton meter 
ki logram-force meters 

Multiply by 

6 8 9 4 . 8 
0 . 6 8 9 4 8 
0 . 0 7 0 3 0 7 

Multiply by 

1 .355 ' ) 
0 . 1 3 8 2 6 

Defini t ion 

One j o u l e ( J ) is the work done by a one-newton force moving through a 
d isplacement o f one me te r in the direct ion o f the force . 

To convert from 

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

foot-pounds-force 

1 cal ( g m ) = 4 1 8 4 0 jou les 

T o 

j ou le s 
meter-ki logram-force 
jou le s 
cal ( g m ) 
cal ( g m ) 

T E M P E R A T U R E C O N V E R S I O N T A B L E 

Multiply by 

1 . 3 5 5 9 
0 . 1 3 8 2 6 
1 x 1 0 - 7 t 
2 5 2 . 0 0 
0 . 3 2 4 0 5 

T o convert ° F t o T °C = - — 
1.8 

°F °C 

9 8 . 6 3 7 
9 9 3 7 . 2 
9 9 . 5 3 7 . 5 

1 0 0 3 7 . 8 
1 0 0 . 5 3 8 . 1 
101 3 8 . 3 
1 0 1 . 5 3 8 . 6 
1 0 2 3 8 . 9 
1 0 2 . 5 3 9 . 2 
1 0 3 3 9 . 4 
1 0 3 . 5 3 9 . 7 
1 0 4 4 0 . 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. 
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INFORMATION FOR AUTHORS 
ORTHOTICS AND PROSTHETICS 

INVITES THE SUBMISSION OF ALL ARTICLES AND MANUSCRIPTS 
WHICH CONTRIBUTE TO ORTHOTIC AND 

PROSTHETIC PRACTICE, RESEARCH, AND 
EDUCATION 

All submitted manuscripts should include: 
1. THE ORIGINAL MANUSCRIPT AND TWO COPIES. If possible, the duplicate manuscripts 

should be complete with illustrations to facilitate review and approval. 
2. BIBLIOGRAPHY. This should be arranged alphabetically and cover only references made in 

the body of the text. 
3. LEGENDS. List all illustration legends in order, and number to agree with illustrations. 
4. ILLUSTRATIONS. Provide any or all of the following: 

a. Black and white glossy prints 
b. Original drawings or charts 

Do not submit: 
a. Slides (colored or black & white) 
b. Photocopies 

PREPARATION OF MANUSCRIPT 
1. Manuscripts must be TYPEWRITTEN, DOUBLE-SPACED and have WIDE MARGINS. 
2. Indicate FOOTNOTES by means of standard symbols (*). 
3. Indicate BIBLIOGRAPHICAL REFERENCES by means of Arabic numerals in parentheses (6). 
4. Write out numbers less than ten. 
5. Do not number subheadings. 
6. Use the word "Figure" abbreviated to indicate references to illustrations in the text ( . . . as 

shown in Fig. 14) 

PREPARATION OF ILLUSTRATIONS 
1. Number all illustrations. 
2. On the back indicate the top of each photo or chart. 
3. Write the author's name on the back of each illustration. 
4. Do not mount prints except with rubber cement. 
5. Use care with paper clips; indentations can create marks. 
6. Do not write on prints; indicate number, letters, or captions on an overlay. 
7. If the illustration has been published previously, provide a credit line and indicate reprint 

permission granted. 

NOTES: 
—Manuscripts are accepted for exclusive publication in ORTHOTICS AND PROSTHETICS. 
—Articles and illustrations accepted for publication become the property of ORTHOTICS AND 

PROSTHETICS. 
—Rejected manuscripts will be returned within 60 days. 
—Publication of articles does not constitute endorsement of opinions and techniques. 
—All materials published are copyrighted by the American Orthotic and Prosthetic Associa­

tion. 
—Permission to reprint is usually granted provided that appropriate credits are given. 
—Authors will be supplied with 25 reprints. 
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CLASSIFIED ADVERTISEMENTS 

Advertising Rates 
First 55 words, $24.00 (minimum). Additional words $1.00 each (A word consists of 5 characters.) 
Mail addressed to National Office forwarded unopened at no charge. Classified Advertisements must be paid in advance; checks 

should be made payable to "Orthotics and Prosthetics." Send to: Editor, Orthotics and Prosthetics, 1444 N St., N.W. Washington, 
D.C.20005. 

P R O S T H E T I S T — R e q u i r e d for Orthot­
ics Department of a large teaching hospi­
tal. Applicants must be certified and ex­
perienced in design, fabrication, and fit­
ting of prosthetic devices. Excellent bene­
fit package. Salary negotiable within a 
predetermined range. Please submit res­
umes and salary requirements to: Miss D. 
Chafe, Personnel Department, The Hos­
pital for Sick Children, 555 University 
Avenue, Toronto, Ontario, M5G 1 X 8 
Canada. 

O R T H O T I C T E C H N I C I A N — T h e r e 
is a future and advancement with our 
New Jersey Facility. Experience necessary 
in all aspects o f Orthotics: Send resume 
and salary requested. All inquiries confi­
dential. Reply: A.O.P.A. , Box 3792 1444 
N. Street, N.W., Washington, D.C. 
20005. 

C E R T I F I E D P R O S T H E T I S T AND 
O R O R T H O T I S T — W e l l established 
reliable firm in central Pennsylvania. 
Cost of living is not out of line and living 
conditions are good. Send resume and 
salary requirements. Replay to box 
number 2793, National Office, 1444 N 
Street, N.W., Washington, D.C. 20005 . 

W A N T E D — C e r t i f i e d Orthotist or 
Board Eligible. We are a growing 
Orthotic Department in a Major Reha­
bilitation Center in West Texas. Appli­
cant must have knowledge in plastic and 
metal. Send Resume to: Arie Bronkhorst, 
C O . , West Texas Rehabilitation Center, 
4601 Hartford, Abilene, Texas 79605. 

C . P . O . will work short term during vaca­
tion or overload periods. Experienced 
professional. If interested please contact 
Box 2794 A.O.P.A. , 1444 N Street 
N.W. , Washington, D.C. 20005 . Refer­
ences and phone contact will follow. 

O R T H O T I S T / P R O S T H E T I S T — C e r ­
tified or board eligible. Location San 
Juan, Puerto Rico. Spanish speaking not 
necessary. Salary dependent on experi­
ence. Travel expenses reimbursed for in­
terview. Excellent opportunity for ad­
vancement with growing company. Pa­
tient contacts include office, shop and 
hospitals. Send resume to AO PA, Box 
2791 , 1444 N Street, N.W., Washington, 
D . C . 2 0 0 0 5 . 

C P O or C P . Phone, write, and send res­
ume to Capital Orthopedic, 4747 J 
Street, Sacramento, Ca. 95819 (707) 457-
9380. Salary $20 ,000 Min. 

P R O S T H E T I C O R T H O T I C L I T E R ­
A T U R E S E A R C H SERVICE—Bibliog­
raphies, reprints located, product sources 
researched, and information compiled on 
topics relating to Prosthetics and 
Orthotics. Direct Inquiries to: Timothy 
B. Staats M.A.C.P. 14948 Mankato St. 
Mission Hills, California 91345 . 

C E R T I F I E D P R O S T H E T I S T 
(CANADIAN)—With extensive experi­
ence and education in orthotics seeks po­
sition. Would need assistance with immi­
gration. Presently drawing $18 ,000 with 
health insurance benefits. Better U.S. 
offers only. AOPA, Box 3794, 1444 N 
Street, N.W., Washington, D.C. 20005 . 
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quality preshrunk white 
cotton duck with snap 
bottom closure, and a 
cupped front which has 
elastic releases top and 
bottom to provide support 

prosthetics. 

T R U F O R M ^ J l > 
Orthotics and Prosthetics 
When better garments are made 
Truform will make them 
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F O R F I T & C O M F O R T O U R F A M O U S ROVER 
" T H E B R A C E S H O E " 

• L E A T H E R S O L E & H E E L 

• L O N G C O U N T E R 

• E X T R A S T R O N G S T E E L S H A N K 

• G O O D Y E A R W E L T C O N S T R U C T I O N 

Sizes: 5 -12 in v a r y i n g w i d t h s , 
leather u p p e r . 
C o l o r s : B l a c k , W h i t e , Beige, 
B l u e , G r e e n & T a u p e G l u v . 
B r o w n D e m i - L l a m a 

O t h e r P a t t e r n s A l s o A v a i l a b l e 
F o r B r a c e W o r k 
Please Send For O u r In S t o c k C a t a l o g 

DREW SHOE COMPANY 
252 Quarry Road 

Lancaster, Ohio 43130 

For The Complete Line 
Of Orthopedic Appliances 
And Brace Components 

E C K E R 
O R T H O P E D I C A P P L I A N C E C O M P A N Y 

O U R 4 4 t h Y E A R 

Send for Complete Catalog 

1 7 7 6 South Woodward Avenue, Birmingham, Michigan 4 8 0 1 1 
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New Knee-Shin Component 3P49 
with Manual Lock for Long Above Knee Amputations 

The ever increasing number of long above knee ampu ta t i ons 
can on ly be cared for w i th spec ia l ly des igned componen ts 
wh ich permi t f i t t i ng down to the knee ax is . Further prob lems 
may be encountered if the pat ient is a ger iat r ic . 

To meet these special requ i rements OTTO BOCK developed 
the 3P49 s ing le axis knee-shin w i t h manual lock . 

The lock mechan ism is located be low the knee axis in the s h i n , 
It can be easi ly act ivated th rough a Bowden cable sys tem, 
Other features are the c losed knee ball fo r improved c o s m e s i j 
and an ad jus tment to compensa te for any play that m igh l 
develop between the ex tens ion s top and lock c a m . 

ORTHOPEDIC INDUSTRY INC 
UNITED STATES OF AMERICA 

610 I n d i a n a A v e n u e N o r t h 
M i n n e a p o l i s - M i n n e s o t a 5 5 4 2 2 
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Best seat i 
lobst Hydro-Float® Flotation Pad® 
minimizes pressure and 
reduces metabolic demand 
When your patient sits, most of his 
weight balances on three thinly fleshed 
bones As such his natural weight 
pinches the flesh between the bones 
and the wheelchair seat; the buttocks 
become warm and discomfort occurs, 
blood flow is reduced, eventually the flesh 
breaks down and pressure sores occur 
The purpose of every wheelchair pad is 
to evenly distribute the patient's weight 
over the entire buttocks area thereby minimizing pressure 
and pinch on those three thinly fleshed areas Pressure 
reduction is paramount, however, temperature reduction 
resulting in a lower metabolic demand is also important, 
lobst Hydro-Float Flotation Pad and nine other wheelchair 
pads were recently the subject of an independent pressure 
study conducted by a prominent medical center research 
team.1 This research team concluded that the lobst Hydro-
Float Flotation Pad evenly distributed the user's weight over 
the entire buttocks area, and reduced pressure and pinch on 
the three thinly fleshed buttocks areas more efficiently than 
all other pads tested, nearly 10% more efficient than the 
next highest ranking pad 
Another group of independent medical researchers2 found 
that a 1°C rise in temperature increased the metabolic 
demand of tissue subject to pressure by 10% 
1 Art hives ot Physic i Medic ine & Rehab i l i t a t ion Vol S4 pp 6H 72 IdMMrv T*78, 

Wheel * hair Cushion t i l e d o i l Skin Temperature 
2 Archives o l Physical M e d i c i n e & Rehab i l i t a t ion Vol SS pp 4WM64 O c t o b e r 197-1 

W h e e k h . n r ( ushions to Reduce Pressure Under Ronv Prominences 

house. 
Therefore, to reduce the temperature 

surrounding tissue subject to pressure 
would reduce the susceptibility of 
the tissue to pressure sores Three 

types of wheelchair pads were 
studied (ie: Cel. Foam and Hydro-
Float) and it was concluded that 

(obst Hydro-Float Flotation Pad 
reduced temperature more 

efficiently than the other types of 
pads tested 

Get the best seat in the house Sit your wheel­
chair patients on a lobst Hydro-Float Flotation Pad 

No other wheelchair pad reduces pressure and temperature 
as efficiently as a lobst Hydro-Float 

J O B S T INSTITUTE, INC 
Box 653, Toledo, Oh io 43694 U S A 

Please send copies of the above mentioned studies along 
with complete Hydro-Float product information 

Name 

Title 

Institution _ 
Address 

City stdte^ -Z ip 

© lobst 1978 ® Reg U S Pat Off Printed in U S A 
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FRACTURE BRACE 
COMPONENTS 

Polyethylene Quadrilateral 
i \ Castfng Brims 

pnt Jigs 

pW^naplock 
two ndo^ssjapy^for each cast 

Ful IVtieg^Px^t-Fracture 
So^s ' r tW sizes 

Polycen ee Joints 

Plastic [Shoe Inserts 
Small, ly^diurry, Large 

Perforated Qrthoplast S h e e t i n g 

Cast Boots - 3 Sizes 

POST SURGICAL 
SUPPLIES 

Suspension corsets, A/K 

Suspensioincables, 

Adjustable Prosthetic 
A/K ind B/K 

A/K 

Units 

Stump Sock > - Spahdex 

SuspensionWlta B/K 
left and f̂egHt TP 

Felt or Polyurethane 
B/K Relief Pjads 

Sach Feet 

Polyu/ethane 
E n c f d s 

Lamb's Wool 

get them faster from 

PEL SUPPLY CO. 
4666 MANUFACTURING ROAD 

CLEVELAND, OHIO 44135 
C A L L T O L L F R E E ( 8 0 0 ) 3 2 1 - 1 2 6 4 

Paul E. Leimkuehler, President 

P R O S T H E T I C A N D O R T H O T I C P A R T S A N D S U P P L I E S 

XV 



\bur Business 
can be one,toa 

Red Cross needs individual volun­
teers, and donors of blood and 
money, by the millions. 

But we need even more help. We 
need the solid support of American 
Business. And we never needed it 
more. 

If your business is already help­
ing, by organizing blood drives, and 
by supporting payroll deductions— 
either directly for the Red Cross, or 
through the local combined fund 
drive—the whole community owes 
you thanks. And we thank you, too. 

Last year, with help from our 
friends, we offered major aid at over 

30,000 disasters—from typhoons, to 
local (but just as devastating) house fires. 

We were able to help the elderly 
with practical programs, we helped 
veterans by the hundreds of 
thousands, we taught people by the 
millions to swim or swim better. 
And that's just the tip of the iceberg. 

Think of America without The 
American Red Cross. 

And you'll know why we need your 
business as a Red Cross Volunteer. In 
your community. And all across 
America. Contact your local Red 
Cross Chapter to see how your com­
pany can become a volunteer. 

Red Cross. T h e G o o d Neighbor . 
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I N T E R N A T I O N A L S O C I E T Y F O R 

P R O S T H E T I C S A N D O R T H O T I C S 

APPLICATION FOR ELECTION TO MEMBERSHIP 
I herewith apply for admission to the International 

Society tor Prosthetics and Orthotics 

FIRST NAME(S): _ _ _ SURNAME: 
(IN BLOCK LETTERS, PLEASE) (IN BLOCK LETTERS, PLEASE) 

NATIVE LANGUAGE: 

DATE OF BIRTH: SECOND LANGUAGE: 

ADDRESS: 

COUNTRY: 
(IN BLOCK LETTERS, PLEASE) 

PROFESSION: 
( ) Physician or Surgeon ( ) P-O Technician 
( ) Engineer ( ) Therapist 
( ) Proslhetist or Orthotist ( ) Other (please detail) 

PRESENT POSITION: 

INSTITUTION/FIRM: _ 

LENGTH OF SERVICE: 

RESPONSIBILITY: 

QUALIFICATIONS/DEGREES: 

MEMBERSHIP OF OTHER PROFESSIONAL SOCIETIES: 

SIGNATURE: DATE: 
Please make checks payable to U S National Committee, ISPO 

MAIL ADDRESS: Howard R. Thranhardt, Acting Secretary-Treasurer, ISPO, U.S. National Member Society, 
87 Cunningham Drive, New Smyrna Beach, Florida 32069 
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A N I N V I T A T I O N T O J O I N T H E I . S . P . O . * 

T h e I n t e r n a t i o n a l S o c i e t y f o r P r o s t h e t i c s a n d O r t h o t i c s w a s f o r m e d i n C o p e n h a g e n , 
D e n m a r k i n 1 9 7 0 t o p r o m o t e h i g h q u a l i t y p r o s t h e t i c s a n d o r t h o t i c s c a r e t h r o u g h o u t 
t h e w o r l d f o r p e o p l e w i t h n e u r o m u s c u l a r a n d s k e l e t a l d i s a b i l i t i e s p r i m a r i l y b y c o n ­
d u c t i n g c o n g r e s s e s , s e m i n a r s , a n d e v a l u a t i o n p r o g r a m s , p u b l i s h i n g a p p r o p r i a t e 
r e p o r t s , a n d a c t i n g a s a s o u r c e o f i n f o r m a t i o n . 

T o d a t e t h e r e a r e 6 2 N a t i o n a l M e m b e r S o c i e t i e s a n d a p p r o x i m a t e l y 1 6 0 0 m e m b e r s . 

B e n e f i t s f r o m m e m b e r s h i p i n t h e S o c i e t y : 

1. Receipt of the journal "Prosthetics and Orthotics International." Published three 
times per year, "Prosthetics and Orthotics" is the only professional journal in 
prosthetics and orthotics that is truly international. It provides a forum for inter­
disciplinary interchange of information and ideas concerning research, develop­
ment, evaluation, clinical application, and education in prosthetics, orthotics 
and related areas. A sample copy can be obtained by contacting A . Bennett 
Wilson, J r . , Moss Rehabilitation Hospital, 12th Street and Tabor Road, 
Philadelphia, Pa. 1 9 1 4 1 . (Libraries and non-members may subscribe to "Pros­
thetics and Orthotics International" for $ 2 0 . 0 0 per year.) 

2. Reduced registration fee at I.S.P.O. sponsored programs. A World Congress is 
held at different sites every three years; international seminars on special topics 
are held for practitioners and others from time to time. 

A c o p y o f t h e c o n s t i t u t i o n o f t h e S o c i e t y i s a l s o a v a i l a b l e f r o m M r . W i l s o n . A n a p p l i ­
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