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What you 
should know about 
reduction of 
axial and 
bending load 

Let us tell you more about how Truform 
lumbo-sacral (L.S.) orthoses alter the normal 
kinematics of the human spine to provide a 
definitive zone of protection for your patients. 

LS orthoses have been shown in literature 
and by current testing to have certain definitive 
protective functions. These functions include an 
increase in intra-abdominal pressure 
maintained on the average which thereby lessens 
the average axial loading and bending loading 
on the spine. 

Truform's male and female LS orthoses, 
when properly fit, cause an increase in resting 
abdominal pressure thereby reducing both axial 
and bending load. Inflatable corsets have shown 
an average 24% reduction of intra-disc pressure. * 

In addition, Truform LS orthoses effectively 
limit the range of motion of the spine by offering 
your patient a proven 50% to 57% reduction 
in spinal rotation between the third lumbar and the 
tenth thoracic vertebrae (L3-T10).** Truform 
garments provide your patients with that extra 
margin of safety. 
Truform... the name you can trust for total 
support... engineering excellence in Functional 
Biomechanics. For complete infomiation on IN 
VIVO NONINVASIVE tests, write Mr. Alex 
Dumbadze, Director of Sales and Education. 
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Orthotists all over the country 
are enjoying the benefits of 

Hosmer Modular 
KAFO Components 

We are proud to report that 
practitioners and patients alike 
are unanimous in their praise 
for these modern, new KAFO 
modular orthotic components 
The prefabricated quad 
brims, the contoured 
knee and ankle joints, and 
the strongest stirrups 

ma. vvi 

T I h 

available have all contributed to 
the KAFO success. 
If you have not tried these 
new orthotic components yet, 
write us , or call toll free: 

800-538-7748 and enjoy the 
benefits—for you and 
your patients. 

HOSMER 
DORR ANCE C o r p o r a t i o n 

P.O. B o x 3 7 , 5 6 1 D i v i s i o n S t r e e t , C a m p b e l l , C a l i f o r n i a 9 5 0 0 8 • (408) 3 7 9 - 5 1 5 1 

Hosmer/Dorrance is Committed to New Advances in Orthotics 
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VELSTRAPS.The strong,easy to use 
fastener for tough jobs. 
VELSTRAP fasteners, the ready-to-use strap 
that goes on quickly, holds securely. 
Rel iable VELCRO® hook and loop fas teners in a ready - to -use 
s t rap w i th " c i n c h " r ing. Easy to use : s l ip end of s t rap t h r o u g h 
r ing, c i n c h it back on itself to fas ten secure ly . The c i n c h r ing 
ac ts l ike a pul ley, a lmos t doub l i ng the c los ing fo rce , and 
a l lowing s t rap to be pu l led d o w n t ight w h e n needed . Use as 
instant s t rap for sp l in ts and braces , or for ho ld ing the rapy 
we igh ts to wr is ts and ank les . May be used to bund le cab les or 
restra in heavy equ ipmen t . S t rong , l igh twe ight , and comp le te l y 
ad jus tab le , s t rap o p e n s and c loses t h o u s a n d s of t imes w i th 
l itt le s ign of wear. Ad jus t s qu i ck l y and easi ly, yet ho lds f i rmly. 
Washab le , au toc lavab le . Avai lable in 1 " , 1 1 / 2 " , and 2 " w id ths , 
l eng ths to 48 i nches ; be ige color . 

Contact your suppl ier today 
IMPORTANT TO REMEMBER: All hook and loop 
fas teners look m u c h al ike. But t hey don ' t 
f unc t i on that way. For dependab i l i t y ' s 
sake, d e m a n d the best—VELCRO b rand . 
You can ' t a f ford less. 







Syme's Prosthesis—A Brief Review and a 
New Fabrication Technique 

JON LEIMKUEHLER, C.P.O. 1 

The t radi t ional Syme's amputa t ion is a 
disarticulation of the ankle with a 

transection jus t above the ar t icular 
cartilage of the t ibia. T h e heel pad is 
preserved and secured over the end of the 
tibia so that the body weight can be 
borne over the distal end of the s tump 
(Fig. 1). In a similar amputa t ion , Boyd's 
(1), the calcaneus wi th the heel pad in
tact is fused to the distal tibia. 

Syme's amputa t ion was first described 
in 1843 by Sir J a m e s Syme of Ed inburgh , 
Scotland (10,11). T h e procedure seems 
to have been accepted in many par ts of 
the world but gradual ly fell into disre
pute largely, some believe, because the 
original procedures were modified or 
forgotten as the years went by. T h e 
bulky prostheses (Fig. 2) required when 
metals, leather, and wood were the only 
suitable available materials did not pro
vide much encouragement to surgeons to 
amputa te in the region of the ankle . 
However , Syme's amputa t ion did survive 
in C a n a d a (5) where M c L a u r i n , H a m p 
ton, and Foort (2,3,4,12) used polyester -
and-nylon laminates in the design and 
fabrication of the Canadian- type Syme 
prosthesis (Fig. 3) in 1952 which resulted 
in lighter, stronger, and more cosmetic 
prostheses. M a n y modifications to the 
original design have been introduced 
through the years (7,8,9) but the basic 
principle remains . 

T h e purpose of this paper is to dis
cuss briefly these designs, and to explain 
a technique I have worked out for a good 
Syme's prosthesis. 

Whe the r Syme's or Boyd's procedure 
is used, proper technique by the surgeon 
is critical to provide a stable heel flap 
and thus comfortable accomodation of 
the forces encountered over the distal 
end of the s tump dur ing standing and 
walking. T h e residual limbs result ing 
from each procedure a re similar in ap 
pearance, both having a bulbous end 
that provides good weightberaing where 
a comfortable self-suspending prosthesis 
can be applied. 

These types of amputa t ion when car
ried out properly provide more function 
and comfort than a below-knee ampu ta 
tion T h e y allow the amputee to get 
from one point to another wi thout a 
prosthesis. Fewer adjustments are 
needed to main ta in a comfortable, well 
fitting prosthesis. I feel tha t the Syme's 
level of amputa t ion is preferable over any 
other level. T h e only real shortcoming is 
the large ankle area which, for some 
women, presents a cosmetic problem. 

Ear ly Syme prostheses were made of a 
steel frame with a leather socket, (Fig. 2) . 
Th i s , of course, was qui te heavy and 
bulky when they were strong enough to 
wi ths tand the high forces generated dur 
ing walking and runn ing . 



T h e original Canad ian design (Fig. 3) 
used a posterior opening to permi t inser
tion of the bulbous s tump and the 
SACH- type foot was built a round the 
socket. T h e Veterans Adminis t ra t ion 
adopted immediately the Canad ian con-



Fig. 4. The Canadian-type Syme prosthesis modified by VAPC to provide a medial opening. 

cept and improved the strength and dur
ability by developing a technique to 
provide a medial window (Fig. 4 ) (6). 
Manufac ture rs of the S A C H foot later 
provided feet designed especially for 
Syme's prostheses. 

A design tha t is tubu la r wi th no open
ing is, of course, stronger for a given 
weight, and designs were developed that 
eliminated this opening, but some cosmesis was lost. Fo r smaller, bulbous 
ends, one design incorporates a n ex
pandable inner liner that is built u p to 
fill in the small volume about the ankle 
to make it the same circumference as 

that of the bulbous distal end, and thus 
provide suspension (Fig. 5) ( 9 ) . 

Thi s system has the inner socket lami
nated wi th 385 Elastomer, a D o w Corn
ing product , over the distal area to allow 
expansion for the large end to pass 
through. T h e proximal par t of the socket 
and outer shell is laminated with poly
ester resin. 

A part ia l medial insert (Fig. 6) (8) can 
also be used to provide suspension for a 
solid tubular socket. 

These designs are useful and are well 
described in the l i terature. However , 



Fig. 5. Syme prothesis using an expandable inner 
liner to provide suspension and avoid the need for a 
window in the socket. This type of socket is used 
mostly when the tibial condyles have been trimmed 
during surgery to provide a less bulbous stump. 

Fig. 6. Syme prothesis that uses a medial partial 
insert to provide suspension yet avoid the need for a 
window to permit insertion. This type of socket is 
used mostly when the tibial condyles have been 
trimmed during surgery to provide a less bulbous 
stump. 

they are more bulky than is desirable 
and a large bulbous end cannot be easily 
accommodated wi th these designs. 

T o create an acceptable Syme prosthe
sis, we must have the following: 

• Properly fitting socket with easy ac
cess for adjustment 

• Durable, strong socket-and-foot com
bination 

• Light weight 
• Ability to adjust alignment and length 

during fabrication 
• Th in and cosmetic ankle area 

T h e technique described below results 
in a medial-opening Syme prosthesis that 
fulfills the above requirements to a great 
extent. 

P r o c e d u r e 

Begin by measur ing the amount of 
l imb-length discrepancy present with 
shoes off. Apply two cast socks on the 
s tump to extend above the knee. Whi le 
the pat ient is in a supine position on a 
table, outline the tibia, head of the fibula, 
and any other bony prominences. Apply 
4 - inch-wide plaster splints over the an
terior half of the s tump, and form a 
bead wi th the plaster along the edges. 

W r a p one plaster splint a round the 
s tump; apply plaster at the ankle and 
again at the calf to hold the anter ior sec
tion in place (Fig. 7). 

Have the patient roll over onto his 
abdomen, and apply Vaseline or M u r p h y 
oil soap (in paste form) in a thin even 
coat to the entire posterior surface of the 
leg and 3/4 inch over onto the anterior 
plaster. 

Apply 4 - inch-wide plaster splints to 
the posterior port ion of the leg over
lapping the anter ior section by about 
1/2 inch. W h e n the plaster has set, make 
keying marks over the edge of the plaster 
(Fig. 8) and remove the posterior section. 
Peel off the wrapped splints, and, with 



Fig. 7. Posterior view of the anterior portion of the cast in place. 

Fig. 8. Completed cast. Note the key marks. Fig. 9. Syme prosthesis using Kingsley-Syme-
SACH foot. 



bandage scissors, cut the outer cast sock 
to make removal of the anter ior port ion 
easier. 

Secure the two halves wi th plaster 
splints and pour the positive model in 
the usual manner . 

Cast M o d i f i c a t i o n s 

D o not provide for a patel lar tendon 
bar in the cast. For a good endberaing 
Syme's amputa t ion s tump, weight does 
not need to be carried on the bar , which 
can present a possible source of irr i tat ion 
and discomfort. 

F lare the popliteal area slightly. Posi
tion it 1/2 inch lower than the tibial pla
teau to permit more knee flexion. 

Build up bony areas for relief in the 
usual manner . 

For medial opening, measure circum
ference of the bulbous distal end, move 
proximally and mark the cast at the 
point where the same circumference is 
found. 

M e a s u r e M - L dimension at the distal 
end, move proximally and mark on cast 
the level where the same measurement is 
encountered. 

Using these marks as a guide, outline 
roughly an opening on the medial distal 
area of the cast. Build up plaster to 
form a straight line along the outline 
from the calf to the bulbous distal end. 
T h i s bui ld-up will provide a gap along 
the sides of the medial opening to allow 
the bulbous end to enter the socket 
easier. 

C h e c k i n g T h e Fit 

M a k e a check socket out of U V E X , 
polypropylene, or any other suitable 
mater ia l that can be thermoformed. 

W h e n fitting the check socket, keep 
the medial opening as small as possible 
and still allow easy entry into the socket. 
T h e smaller the opening, the stronger 
the socket will be. Check for good end-

bearing and proper fit for the rest of the 
socket. Be sure that more than 90 de
grees of knee flexion can be obtained 
without forcing the s tump up out of the 
socket. In general , the proximal t r im 
lines are slightly lower than for a P T B 
prosthesis. 

Correct the cast as needed and smooth 
it for laminat ion. 

Socket F a b r i c a t i o n 

Lamina te the socket to be thin and 
strong. Listed below is the layup I use 
for an average size individual. For a 
large heavy person or for a socket that 
requires an unusual ly large medial open
ing, extra layers of fiberglass cloth and 
roving need to be added. 

Standard L a y - U p F o r S Y M E 
P r o s t h e s i s : 

• One-ounce dacron sleeve 
• One fiberglass reinforced stockinet 
• One full fiberglass cloth wrapped 

from proximal end to and over the 
distal end. 

• One fiberglass reinforced stockinet 
• One thick cord of roving from proxi

mal anterior, over distal end, to proxi
mal posterior end of cast. Cord of 
roving around door cut out, 1/4 inch 
behind trimline. One fiberglass mat at 
distal end when using Kingsley foot 
for Syme prosthesis. 

• One fiberglass reinforced stockinet 
• Two pieces of fiberglass cloth wrapped 

at ankle and over distal end. One 
fiberglass mat at distal end when us
ing Kingsley Syme's foot. 

• Two fiberglass reinforced stockinets 

M e t h o d W h e n U s i n g A K i n g s l e y 
S y m e ' s F o o t (F ig . 9) 

Build up distal end of cast to provide 
room for half-rounded Syme's nut adapt
er. Place bui ldup in position so that 



Fig. 10. Syme prosthesis using Otto Bock 1P5 
Syme-SACH foot. 

Fig. 11. Unfinished prosthesis with plaster splints 
formed in and over medial opening. 

s tump is aligned in slight flexion and 
adduction. 

After the socket is completed, bolt the 
foot to the socket using a wood spacer 
inside the foot to main ta in proper length 
and al ignment . Th i s spacer should be 
shaped like a small oval doughnut . W h e n 
aligning the prosthesis, the wood spacer 
can be sanded or shimmed to provide 
proper a l ignment . Finish the socket as 
described later. 

Using a strong filler (i.e. Cab-O-Si l or 
Solka Flock, etc.) thicken polyester resin 
and gunk the finished socket into the 
Kingsley Syme's foot mainta in ing align
ment and length. 

M e t h o d for U s i n g Ot to Bock 1P5 
S y m e ' s F o o t (F ig . 10) 

Set the socket in wood to the apex of 
distal end and level the socket in slight 
flexion and adduction angles. 

Level the top of the foot. 
Put foot on heel block of proper height 

and align socket of foot. 
Keep foot as far laterally as possible 

in relat ion to the distal end of the socket 



and still main ta in a reasonable cosmetic 
appearance . 

Position the socket in the A-P plane 
to provide a n acceptable appearance 
from heel to socket and instep to socket. 

Adjust height to exact length discrep
ancy measurement . 

Using whi te glue (Elmer ' s ) spot glue 
the socket to the foot temporar i ly . 

Reinforce glue jo in t wi th # 2 Scotch 
fasteners. T h e temporary glue jo in t can 
be broken by hit t ing the foot with a 
mallet . Wedging by sanding or addit ion 
of wood can be used to adjust a l ignment . 

T o finish, break apar t the foot and 
socket and permanent ly fasten with glue 
while main ta in ing a l ignment . Reinforce 
glue seam with dovetails if desired. 

W h e n the laminat ion is completed, 
apply masking tape over the rubber pa r t 
of the foot, and stretch s tandard P V A 
bag over the foot and socket. Be sure to 
extend laminat ion onto foot covering 
ent ire wood area. 

Fi t t ing the P r o s t h e s i s 
Check the fit of the socket and height. 

Use an Ace bandage over medial open
ing to obtain suspension. M a k e all 
necessary changes for fit and al ignment 
and try prosthesis on the pat ient again 
to be sure that op t imum fit and align
ment have been achieved. 

M a k i n g M e d i a l O p e n i n g D o o r a n d 
F i n i s h i n g the P r o s t h e s i s 

Put a smooth plastic bag over pros
thetic socks on pat ient ' s s tump. 

Cover the shoe on the prosthesis for 
protection against plaster . 

Have patient don prosthesis and stand 
up . 

Apply 4- inch-wide plaster splints 
over medial opening overlapping onto 
socket. Contour and form tightly against 
the s tump (Fig. 11). 

Remove splint for later use. Th i s me
dial door opening cover will suspend the 
prosthesis. 

Roughen surface of socket except for 
1/2 inch on border a round medial open
ing. Th i s 1/2 inch will be where the door 
overlaps onto the socket. 

Reapply splint over medial opening 
and pour distal por t ion of socket wi th 
plaster and insert a pipe. Remove splint 
and smooth plaster at opening. Seal 
plaster and 1/2 inch edge of socket wi th 
clear lacquer or some other suitable 
par t ing agent. 

L a y u p for finish laminat ion as follows: 
• Dacron felt or Dynalon over medial 

opening, extending 1/2 inch onto socket. 
• Four or more glass-tricot or some 

other reinforced stockinet over entire 
socket (and foot when using Bock 
foot 1P5). 

Fig. 12. Finished prosthesis when Velcro straps 
are used to hold medial door in place. 



Fig. 13. Finished prosthesis when an elastic anklet 
is used to hold medial door in place. 

• Use only polyester resin for final 
lamination. Acrylic resin will adhere 
to the socket and the door over the 
medial opening and cannot be re
moved. 

Using a sharp knife and a heat gun, 
cut out door 3/8 inch from edge of medial 
opening. 

T o hold door in place use: 
• Dacron webbing and Velcro straps 

(Fig. 12) 
• Or a small elastic anklet (Fig. 13) 
• Or a strong tape (i.e. filament tape) 

S u m m a r y 

T h e method discussed here is for a 
prosthesis for Syme's amputa t ion wi th a 
large bulbous end. It utilizes a split cast
ing procedure. Cast modifications do not 
have a P T B bar , but have a lower pos
terior flare and as small of a medial 
opening as possible. T h e medial door is 
made in the final laminat ion and p ro 
vides an accurate fit and acceptable cos
metic appearance . It is impor tan t to be 
able to adjust length and al ignment . 
Ei ther the O t to Bock 1P5 foot or the 
Kingsley Syme's foot can be used. 

Footnotes 

1Leimkuehler, Inc., 4625 Detroit Avenue, 
Cleveland, Ohio 44102. 
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Hip Abduction Splint for Use At Night For 
Scissor Leg of Cerebral Palsy Patients 

T O S H I R O N A K A M U R A , O . A . 1 

M I T S U R A O H A M U , M . D . 2 

One of the spastic leg positions in 
cerebral palsy is known as the scissor 

leg which is the result of continued hypertonus on the hip adduction muscles. 
T h e scissor leg is a serious distrubance 
for both children and parents . It contri
butes to disturbances in the development 
of physical functions such as rolling over 
and crawling. It can cause spastic hip 
dislocation or subluxat ion of the hip 
jo in t . Also, the compression provided by 
the scissor leg is a cause of torsio testis or 
ur inary disturbance. Fur the rmore , it en
courages the occurrence of dermati t is in 
the genital area . 

In Tot tor i Kenri tsu Seishi G a k u e n 
(1751 Kamifukuhara , Yonago, Tot tor i , 
683 , J a p a n ) , thirty-seven pat ients (15 
boys and 22 girls) between 4 and 16 
years of age (average 10.9) were selected 
for study wi th the proviso that they were 
able to walk or stand using suppor t ing 
ins t ruments or braces. T h e roentgeno
grams of both h ip jo in ts were observed. 
Almost all of the center-edge (CE) angles 
on hip jo in ts measured below the normal 
range , and 78.4 percent of them had dis
location or subluxat ion (Fig. 1). 

For these pat ients , we used the hip 
action brace for the relaxat ion of h ip 
adduction muscles dur ing the day. 

For use at night, we prescribed the 
conventional h ip abduction brace or 

the abduction board, but these devices 
interfered with change of position and 
were unclean because of nocturnal 
enuresia. Because the brace had many 
s t raps and par ts , put t ing it on and tak
ing it off were carried out wi th consider
able difficulty. 

T o overcome these problems, we de
signed the splint shown in Figures 2 and 
3 for use dur ing the night. 

H i p A b d u c t i o n S p l i n t for 
U s e At N i g h t 

T h e H i p Abduction Splint for use at 
night has an arch-shaped pelvic band 
and thigh suspender made of Subortholen sheet, 3 /16- inch thick. T h e outer 
side of the pelvic band is bent forward 
and sur rounds the pelvis. A Velcro s t rap 
a round the pelvis holds it in place. T h e 
thigh suspender (Fig. 4) is three-fourths 
of a cylinder, the opening being in the 
anter ior- la teral section. A stainless steel 
turnbuckle between the thigh cuffs makes 
it possible to control the angle of hip 
abduction. Rivets are used to fasten the 
turnbuckle to the thigh cuff, and the 
thigh cuff to the pelvic band. All edges 
of the splint a re flared toward the out
side, el iminat ing the need for leather or 
sponge rubber liners. In the fabrication 
procedure, we measured only the circum
ference at the iliac crest and the thigh for 
each child on the d rawing paper and, 



Fig. 1. Center-edge (CE) angle of cerebral palsy patients. 

Fig. 2. Anterior view of Hip Abduction Splint for 
use at Night. 

Fig. 3. Posterior view of the Night Splint. The 
stainless turnbuckle makes it possible to control 
the angle of the hip joint. 



Fig. 4. View of bottom side of the Night Splint. 

thus , el iminated the need for casting. For 
the purpose of fitting the thigh, the 
thigh cuff is heated by use of a heat gun 
and modified in shape and size as 
needed. T h e total weight is about one 
pound; far lighter than the common 
brace. Al though this splint is not likely 
to fall off, it may do so in some pat ients . 
In the one case we experienced where it 
was difficult to hold the brace in place 
dur ing changes of position, we were able 
to solve the problem by using Velcro 
s traps on the thigh cuffs. 

Cl in i ca l E x p e r i e n c e 

Seven children referred to in Tab le 1 
were treated wi th the new splints for 16 
months . T h e average C E angle of these 

cases who had the scissor legs was 10 de
grees, except for the case with complete 
dislocation. Cases 4 and 5 had some
times complained of pain in both hip 
jo in ts . Cases 1, 2, and 3 were bothered 
with the results of nocturnal enuresis, 
and all the cases had dermati t is or pig
mentat ion in their genital area . T h e 
follow-up period was so short that we 
could not find any improvement of the 
C E angle or sphericity of the hip jo in t by 
roentgenogram, but the change of posi
tion in bed was considered to be smooth 
and the genital area was kept clean. As 
the contractures of the adductors were 
improving steadily, it was easier to 
passively abduct the hip jo in ts . As shown 
in Figures 5, 6, and 7, the centralization 



of the h ip was good wi th this splint. 
Fu r the rmore , their parents and nurses 
were pleased because it was easy for 
them to clean the orthosis and to pu t it 
on and take it off. 

S u m m a r y 

T h e methods of t rea tment for scissor 
leg should be selected according to the 
grade of the hip centralization. T h e 

grades consisted of (1) normal h ip jo in t , 
(2) subluxat ion, and (3) luxat ion. 

T h e cases treated wi th the surgical 
therapy, for example , the obturator 
nerve resection and the adductor muscle 
release operat ion, it was difficult to de
termine the indication, and the results 
were not consistent. Therefore , we 
treated them by using the abduction 
brace first. 



Fig. 5. Anterior view of Night Splint on the body. 

Fig. 6. Roetgenogram of the hip joint without splint. 

Observing the scissor leg of the C P 
pat ients , we found the following fea
tures ; one, the tonus of the adduction 
muscles were always superior to that of 
abductor, mainly medial gluteal muscle, 
and the force abduction with the excess 
power only increased the tonus of adduc
tor but with no other effect; two, the 
muscle relaxed relatively dur ing sleep 
and the relaxat ion was increased by the 
ability to freely change position in bed. 

Because the power of the abductors 
wi th the common brace was too strong, 
the reflex tonus of the adductor in
creased and the changes of position were 
disturbed. T h e common braces became 
dirty as a result of nocturnal enuresis 
and sweat and caused contact dermati t is . 

T o overcome these problems we de
signed the H i p Abduction Splint for use 
at night. 



Fig. 7. Roentgenogram of the hip joint with the splint in place. Note that the centralization of the hip is 
improved. 

T h e advantages of the new splints: 
(1) simple structure 
(2) easy doning and doffing 
(3) excellent durabil i ty 
(4) light weight 
(5) easy to keep clean 
T h e disadvantages a re : 
(1) correction of rotat ion not possible 
(2) less s trength than the muscle pow

er of the older pat ients 
W h e n we could not find improvement of 
the contracture of the adductors or of 
the abduction angle with this splint, we 
felt that surgical t rea tment was indicated. 

C o n c l u s i o n 

W e reported that we designed and 
used the new H i p Abduction Night 
Splint which is superior to the braces 
commonly used. T h i s splint had many 

advantages for rehabil i ta t ion of the chil
dren with cerebral palsy. 

Footnotes 

1President, Nakamura Brace Co., Ohmori, 
Ohda, Shimane, 694-03, Japan. 

2Medical Doctor, Department of Orthopedic 
Surgery, Tottori Kenritsu Seishi Gakuen (Chief; 
Ikeda, M., M.D.), 1751 Kamifukuhara, Yonago, 
Tottori, 683, Japan. 
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THE CONNECTION 1 

A . B E N N E T T W I L S O N , J R . 

The functions provided by the connec
tion between an amputee and his ar

tificial leg a re pr imari ly: transfer of 
weight-bearing loads to the ground 
through the distal port ion of the pros
thesis; the transmission of power from 
the body to the prosthesis for actuation 
and control of the prosthesis; and the 
provision of suspension of the prosthesis 
when it is not in contact wi th the floor or 
ground. 

T h e only successful way of providing 
these functions to date is by means of a 
tubular , cup-like receptacle, known as 
" t h e socket", that encases the ampu ta 
tion s tump. Sometimes all or par t of the 
suspension function is provided by straps 
over other parts of the body. 

N o single factor is more impor tant in 
lower-l imb prosthetics than the relation
ship between the amputa t ion s tump and 
the socket. Proper fit has yet to be de
fined quanti tat ively. But the most so
phisticated mechanical components are of 
little use when the artificial leg is at
tached to the pat ient so loosley that 
control is inefficient. Conversely, when, 
in an effort to provide stability, the 
socket fits so tightly as to restrict blood 
flow in the s tump, the prosthesis must 
soon be abandoned. 

T h e most significant contributions of 
the American and Canad ian research 
programs in l imb prosthetics (Wilson 
1970) a re considered by many to be 
socket designs, methods of socket fitting 
and fabrication, and principles of pros-

thesis a l ignment . T h e outstanding ex
amples a re Canadian- type Plastic 
Syme's prosthesis (Fig. 1) and its vari
ants , the patel lar- tendon-bear ing ( P T B ) 

Fig. 1. Cross-section of plastic Canadian-type 
prosthesis for Syme's amputation. 



Fig. 2. Cross-section of standard patellar-tendon-
bearing (PTB) prosthesis developed at the Univer
sity of California, Berkeley and San Francisco. 

Fig. 3. Total-contact, quadrilateral socket for 
above-knee amputations developed at the Univer
sity of California, Berkeley and San Francisco. 

below-knee prosthesis (Fig. 2) and its 
var iants , the quadr i la tera l sockets (Fig. 
3) wi th and without suction, wi th and 
wi thout total contact for above-knee am
putees, and the Canadian- type hip-dis-
art iculat ion (Fig. 4) and hemipelvectomy 
prostheses (Wilson 1968, 1969, 1970). 

T h e instructions set forth in manua l s 
used in educational p rograms , when fol
lowed closely by skilled prosthetists, re
sult in adequa te prostheses for pat ients 



Fig. 4 Schematic of the Canadian-type hip-
disarticulation prosthesis. 

without other complicating factors. H o w 
ever, complicating factors which tax even 
the most competent prosthetists are often 
present, and if, for no other reasons, 
methods for providing sockets that meet 
more adequately the demands of all 
amputees are needed. 

Socket D e s i g n 

T o provide better criteria for socket 
designs, it seems obvious that we need to 
know a good deal more about the mech
anisms of edema and the circulation of 
body fluids t han we do at present . O n e 
reason we lack knowledge in these areas 
is that we do not have the means to 
measure efficiently the pressures between 
the s tump and the socket, or the methods 
of measur ing effectively the results of the 
applicat ion of pressure . 

These problems have been recognized 
for many years, and some efforts, though 
wi th little useful results , have been made 
in determining the distr ibution of forces 
over the amputa t ion s tump (Appoldt 
1969, 1970). Pressure t ransducers that 
have been used to date have been either 
unrel iable or used improper ly , and up 
to this point few ideas have been set 
forth in reference to practical ways to 
measure the effects of pressure on the 
soft tissues of an amputa t ion s tump 
( C P R D 1972). 

Several independent developments 
have taken place th rough the years that , 
if combined, might lead to relatively in
expensive studies tha t might in t u rn 
lead to improved connections between 
patient and prosthesis. 

O n e of the deterrents to studying the 
effect of changes in socket shape on the 
amputa t ion s tump has been the cost of 
making individually tailored sockets, and 
fitting and aligning them with other com
ponents to provide prostheses suitable 
for experimental purposes. 

T h e dilatancy technique for taking im
pressions of amputa t ion s tumps has been 
refined in recent years, especially by 
G e r m a n s et al. at the Medical Physics 
Insti tute in Hol land , and Hagg lund in 
Sweden. Th i s technique offers a very in
expensive way of obtaining casts and 
models of s tumps, for the product ion of 
exper imental sockets (CAL 1947, Koster 
1972), Hagg lund 197) (Fig. 5). 

T h e work of Snelson & Mooney 
(1972) has shown that for practical pu r 
poses not only can the t ime required for 
laminat ion be el iminated, but a t rans
parent socket as well can be had quite 
inexpensively by vacuum-forming tech
niques (Fig. 6). A t ransparen t socket 
clearly offers the oppor tuni ty not only 
for visual observation, but also an oppor
tunity for the investigators to ensure that 
the pressure t ransducers are always in 
the same location and that the socket is 



Fig. 5. Steps in dilatency casting of stump and production of a positive model. 



Fig. 6. Vacuum forming a transparent socket for 
a below-knee prosthesis. 

Fig. 7. Transparent sockets fitted to a bilateral 
below-knee amputee for extensive checkout. 

in the same relat ionship wi th the s tump 
dur ing each trial (Fig. 7). 

Lightweight , inexpensive, endoskeletal 
components for lower-l imb prostheses 
that permit all adjustments required for 
proper al ignment are now available com
mercially (Wilson 1968, 1969), so that , 
coupled with dilatancy-casting and vac
uum-forming of sockets, a feasible means 
of providing many experimental socket 
shapes for the same group of subjects is 
readily available. 

A few years ago the pressure t rans
ducers considered useful for measur ing 
pressure between the s tump and the 
socket cost more than $300 per unit, and 
the area covered was less than 1.28 cm 2 . 
T h e r e is some question about the size of 
the area that will provide a useful mea
sure, but certainly 1.28 c m 2 is too small 
to be practical or desirable, even when 
the pain threshold is not exceeded. 

An approach not yet tried scientifically 
is the measurement of forces over com
ponents of a segmented socket. It would 
seem that this is a more logical approach 
than measur ing pressures over pinpoint-
size areas. 

Visual observation through a t rans
parent wall of a socket will of course help 
in observing the ou tward effects of pres
sure on the soft tissues of the s tump, but 
it would seem that one of the most logi
cal methods available to measure and 
record these effects is the T h e r m o g r a p h 



camera (Brand 1969, 1970). A complete 
record of skin tempera tures can be made 
very rapidly by use of thermography 
without danger or discomfort to the 
patient . Brand, in working wi th leprosy 
patients, has pointed the way for use of 
this technique. 

Another development that has been 
suggested over the years, and one that is 
gradually being learned about , is the 
use of inflated pads on the inner surface 
of the socket to provide an adjustable 
range of pressure. Newer materials and 
more awarness of the way inflated units 
work, coupled with the suggestions given 
above, should make this approach more 
attractive as t ime goes on. 

New sheet plastics that have better 
propert ies seem to be introduced ra ther 
constantly. Yet polypropylene, polyethy
lene, and other materials have not been 
tried thoroughly, al though they are used 
in orthoses routinely in some institu
tions. The i r combination of flexibility 
and tensile strength seems to have much 
to offer when studying the advantages 
that might be provided by socket walls 
that have a stiffness gradient—one that 
becomes more flexible in the proximal 
direction ( M u r p h y 1960). 

S u r g e r y 

It has been stated many times that 
surgical procedures have a great effect on 
the s tump and the consequent fitting of 
the socket. Th i s of course is t rue especi
ally in reference to invaginated scars and 
obviously poorly placed incisions. Not so 
clear are the advantages of myoplasty, 
myodesis, and osteoplasty (Burgess 1969, 
Dederich 1970, Loon 1962, Swanson 
1966, Weiss 1971). W e all have our clini
cal impressions, but to date no one has 
carried out a scientific evaluation of 
these techniques. Th i s is most unfor
tunate because the means of doing this 
are available. 

Not so easy to assess is the idea of 
"skeletal a t t achment" , or the connection 
of the prosthesis directly to the long bone 
of the amputa t ion s tump. Th i s idea is 
not new, but if it would be made pract i
cal, the connection problem for the ma
jor i ty of amputees would be solved, and 
the engineers could devote more time to 
the design of other mechanisms and com
ponents . 

T h e problem can be divided into two 
par t s : a t tachment to the bone, and the 
exit th rough the skin and the superficial 
soft tissues. 

T h e first reference to skeletal at tach
ment came from G e r m a n y (Cutler 1945, 
M u r p h y 1960) in 1945 but little work 
seems to have been carried out since then 
in any place but the Uni ted States. Ess-
linger (1970), influenced by Stone's work 
wi th the h u m a n eye, showed that certain 
Silicone compounds were compatible 
with both osseous and soft tissues, and 
he had some success with percutaneous 
plastic strips staying in place along the 
backs of dogs, but did not collect suffi
cient data to make follow-up studies of 
his techniques attractive. Ha l l* used 
Dacron velour in t reat ing a horse with 
some success. Mooney (1971) has been 
experiment ing with ceramic structures 
and vitreous carbon as the percutaneous 
mater ia ls . 

In all of the exper iments , encouraging 
results have been obtained. It is, of 
course, difficult to find h u m a n subjects 
for these kinds of experiments , and 
animal studies leave much to be desired. 
Nevertheless, research in skletal at tach
ment of external prostheses is encourag
ing and should be supported. 

S u m m a r y 

T h e need for improved designs for 
sockets for artificial legs is stated, and 
suggestions for research that will lead 



to more functional connections between 
the pat ient and the prosthesis a re set 
forth. 
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A Modular, Prefabricated Orthosis for 
Treatment of Elbow Flexion Contractures1 
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A simple and adjustable orthosis has 
been designed and several proto

types have been built to aid in increasing 
the limited range of extension available 
in disability involving flexion contracture 
at the elbow. T h e present prototype, 
positioned 5 degrees larger than the an
gle of m a x i m u m passive extension, ap 
plies a small extension moment to the 
a rm , slowly lengthens the musculature , 
and leads to a g radua l decrease of the 
contracture. W h e n used in conjunction 
wi th therapy it helps main ta in the bene
fits achieved by daily stretching exercises. 

Key design features include modulari ty 
wi th discrete, easy to fit and adjustable 
components that a re compatible with 
anatomical constra ints—without left or 
r ight sided parts—simplici ty, cosmesis, 
and low cost. 

As a result of research and develop
ment in upper- l imb orthotics in the past 
two decades, restorat ion of useful func
tion in upper extremity motor impair 
ment has been much improved. Efforts 
at such institutions as the T e x a s Insti
tute for Rehabil i tat ion and Research, the 
Rehabil i ta t ion Inst i tute of Chicago have 
resulted in the development of the modu
lar concept with emphasis on lightweight 
finger prehension orthoses. However , 

despite the many available functional de
vices an acceptable orthosis for the pre
vention of upper l imb deformity due to 
elbow contracture has not yet been 
achieved. Flexion contracture at the el
bow in par t icular is disabling in itself 
and is a difficult problem to correct (6). 
In certain spinal cord injuries this con
t racture may lead to reduced patient 
mobility by preventing reach to the p ro
pulsion hand r im of the wheelchair . 

Th i s paper presents the design and the 
application of a simple adjustable or
thosis designed to prevent and help cor
rect contractures at the elbow. T h e pro
totype has been fabricated in three sizes 
for application by clinicians. Clinical 
tr ials a re now underway . 

Methods of t rea tment of elbow flexion 
contractures may be surgical or they may 
be non-operat ive. Surgery involving 
tenotomy to lengthening the biceps ten
don has been successful in improving 
a r m function in paralyt ic diseases other 
than spinal cord injury (5). Another 
surgical technique, using percutaneous 
electrodes, has also been successful. 
Mooney (4) implanted electrodes to 
st imulate the extensor muscle group and 
reduce the muscle imbalance that caused 
the flexion contracture at the joint . 



Among the non-operat ive methods, 
serial or wedge casting of the pat ient ' s 
a r m in forced extension has been used 
with success. However , the weight and 
bulk of the cast, the pressure sensitivity 
and inaccessability of the skin a re real 
shortcomings of this method. Trac t ion is 
another non-invasive t rea tment that has 
been tried (7). Unfor tunate ly , traction 
requires stationary positioning of the 
patient in a bed or chair which in spinal 
cord injury cases, may encourage forma
tion of pressure sores and thus is seldom 
used. 

Orthot ic devices to correct elbow flex
ion contractures have been described as 
well. Goller and Enders (2) have used a 
dynamic plastic elbow-extension orthosis 
on five pat ients with moderate success for 
an average of 15 degrees reduction in 
flexion contractures. M o r e recently 
Green and McCoy (3) have described a 
turnbuckle orthosis which accomplished 
in 12 pat ients an average reduction in 
deformity of 37 degrees in an average 
t reatment period of 20 weeks. Th i s 
custom-fitted orthosis has been tried in 
existing short term contractures of t rau
matic fracture origin where little or no 
impai rment of skin sensation was 
present. 

E x p e c t e d Benef i t s 

T h e orthosis at the University of Vir
ginia Rehabil i tat ion Engineer ing Center 
was developed with the expectation that 
this modular system will make the cor
rection and prevention of an elbow flex
ion deformity easier to be resolved by the 
therapist . It is hoped that the availability 
of three sizes in stock components will 
make possible the application and fitting 
of the orthosis by the therapist immedi
ately upon need in the hospital setting. 

It is assumed that this orthotic system 
will be worn by the patient dur ing non-
therapy sessions and, thus, main ta in the 
increased elbow extension achieved in 

therapy. T h e orthosis is expected to 
benefit any disability involving a flexion 
contracture at the elbow with par t icular 
emphasis on C4-6 quadriplegia , brain 
injury, burns , and some forms of rheu
matic diseases. 

D e s c r i p t i o n 

T h e modular orthosis (Fig. 1) consists 
of a biceps cuff and a forearm cuff, each 
with Velcro straps, a leaf hinge with a 
protective sleeve, and two "book-b inder" 
screws. T h e cuff type can be distin
guished by its shape and the number of 
Velcro straps. T h e biceps cuff has only 
one s t rap while the two straps of the 
forearm cuff are fastened to each end. 

Fig. 1. Elbow extension orthosis used by a C5-6 
tetraplegic individual. 



Fig. 2. Three sizes and interchangeable components of the modular adjustable orthosis. 

Each cuff type is available in three sizes; 
small , medium, and large. 

T h e leaf hinge is a thermoplast ic ma
terial also available in three sizes. T h e 
large leaf hinge (46 centimeters long) 
wi th four screw holes at each end are 
made of acrylic and available in two 
lengths of 38 and 30 centimeters. F igure 
2 shows an assembly and the inter
changeable three sizes of the compo
nents. T h e "book-b inder" screw is a two 
piece fastener consisting of a slotted 
threaded screw and its base nut . 

Initial designs used the three-point 
principle for application of correcting 
forces to the upper limb with the ole
cranon area as the central point. Th i s 
principle was abandoned because the 
pressure applied at the center was such 
that it could result in skin breakdown. 

T h e current design uses force couples 
based on the four-point principle acting 
on the a r m segments and produces a con
stant extension force from the spring 
action of the plastic hinge. T h e force 
applicat ion is shown on Figure 3. It can 
be seen that elbow extension is main
tained by application of slight pressure 
to the a rm. 

T o prevent tissue ischemia, the ap 
plied pressure must be less than the 
capillary pressure of 40 m m H g . W h e n 
the angle of the brace is larger than the 
angle of the a rm with the contracture 
a rm the brace must bend when applied. 
T h e result ing deflection of the leaf hinge 
will generate the applied force necessary 
for the extension moment across the el
bow jo in t . For a brace angle of 5 degrees 
greater than the contracture angle, the 



Fig. 3. Four point principle of elbow extension 
orthosis, showing moments M 1 and M 2 main
taining extension The orthosis can be adjusted 
by heating the hinge strap with a heat gun. 

applied force, using medium size com
ponents, was measured to be 4 lbs. and 
was calculated to be less than 20 m m H g 
of pressure applied to the skin. 

A p p l i c a t i o n 

Patient Selection 
T h e orthotic system is an adjunct to 

t h e p a t i e n t ' s t h e r a p y t r e a t m e n t of 
stretching and will assist in the mainte
nance of the newly acquired range of 
motion. Th i s orthotic system will be an 
aid to those patients with flexion con
tractures at the elbow of 60 degrees or 
less as defined by the American Academy 
of Orthopedic Surgeons (1). 

Because this system utilizes direct 
pressure from the cuffs to the underlying 
skin, the therapist must take precautions 
to periodically check the skin for pres
sure sores. It is recommended that the 

therapist applies this device for half an 
hour at the first application and gradual
ly increases the wear time if no problems 
are apparent . 

Patient Measurement and 
Components Selection 

T h e proper cuff size is determined 
from four circumferences and length 
measurements of the fore and upper a rm. 
T h e measurements are to be made with 
the elbow flexed at 90 degrees with the 
wrist rotated to its neutral position as 
shown in Figure 4. T h e therapist is then 
able to choose the small, medium or large 
cuffs for the orthotic assembly from the 
conversion chart shown in Tab le 1. 

Hinge length and stiffness selection 
are determined by the summat ion of 
length measurements . 

Flexion Contracture 
Angle Measurements 

M e a s u r e the flexion contracture angle 
passively under the effect of gravity. Th i s 
measurement is used to establish the 
extension angle of the orthosis. Once 
this procedure has been accomplished, 
add approximately 5 degrees to the ex
tension angle to compensate for the leaf 
hinge flexibility. T h e result will be the 
initial extension angle of the orthosis. 

Setting The Leaf Hinge Angle 
While the elbow is passively extended 

to the contracture angle, place one end 
of the leaf hinge on the volar surface of 
the a rm proximally to the radial styloid. 
T h e other end of the hinge should be 
lateral to the antecubital fold of the el
bow. M a r k the leaf hinge in line with the 
antecubital fold. Once this has been ac
complished, mark the hinge 3 cm proxi
mal and 3 cm distal to the fold line. 

Hea t the leaf hinge between the marks 
with a heat gun until the plastic is soft 
and pliable in this region. Place the 



Fig. 4. Measurement Chart. Measure arm dimensions in centimeters. Measurements A and D are lengths, 
C, B, F and E are circumferences as indicated below. Record values in circles, and refer to Table 1, Con
version Chart. 

heated hinge flat on a table surface. 
Whi l e holding the distal (longest) end on 
the table proceed to lift or bend the other 
end unti l the orthotic extension angle is 
achieved. Hold this angle unti l the hinge 
cools (about 3 minutes) . 

Assembly 
First , slide the distal end of the hinge 

into the forearm cuff tunnel . Next slide 
the proximal hinge end into the - biceps 
cuff such that the cuff tunnel is near the 
hinge bend. Position both cuffs on the 
hinge to fit the contour of the a rm. Align 

the screw holes in both cuffs wi th the 
nearest screw holes in the hinge. M a r k 
the position of the aligned holes on the 
hinge. Remove the orthosis and fasten 
the cuffs to the hinge wi th the book
binder screws. 

Fitting and Check Out 
Reapply the assembled orthosis to the 

pat ient . Test for excessive pressures and 
cuff misal ignments . M a k e any necessary 
adjustments . Finally, t r im the velcro 
s t raps to the pat ient ' s need. Again, re
move the orthosis and apply the protec
tive sleeve to the hinge. 



Readjustment 
Periodic readjustment of the hinge an

gle is requi red wi th changes of the con
t racture angle of the elbow. It is rec
ommended that the hinge angle be 
changed with each 5 degree change of el
bow contracture . T o achieve a change in 
the hinge angle, remove the protective 
sleeve from the hinge and reheat the 
area wi th a heat gun. It is necessary to 
disassemble the orthosis to accomplish 
this task. 

Summary 
An orthosis has been designed to aid 

in increasing the limited range of a r m 
extension available in disability involving 
flexion contracture at the elbow. W h e n 
used in conjunction wi th therapy it helps 
to main ta in the benefits of daily stretch
ing exercises. 

Impor tan t contr ibutions of the or tho
sis are modular i ty wi th interchangeable 
components in three sizes, simplicity, 
cosmesis and low cost. Copies of the 



prototype have been fabricated for a p 
plication by clinicians, and clinical trials 
are now underway . 

Footnotes 
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An Active Bilateral Above-Knee Amputee— 
A Case Report 
B E R T GORALNIK, C . P . 1 

A R T H U R S C H E I N H A U S 2 

A bilateral above-knee amputee , A. H . , 
sustained mult iple injuries in Viet

nam in 1969, at the age of 22, as a result 
of a booby t rap explosion. Following 
amputa t ion through both lower limbs 
above the knee, the left s tump was 7 1/2 
inches in length and the right was 8 
inches in length as measured from the 
public r amus . A. H . was 6'1 1/2" in height 
prior to amputa t ion and when first 
seen at the VA Prosthetics Center with 
his previous limbs he was 5 ' 9 " . H e 
requested an increase to 6 ' 2 " and be
cause he was in excellent physical condi
tion when seen at the VA Prosthetics 
Center in 1970, this height adjustment 
was approved since it was felt to be im
por tant psychologically. 

In addit ion to the lower-l imb amputa 
tions, A. H . had amputa t ions of the left 
index and middle fingers wi th good func
tion of the remaining fingers. O n the 
right side, there were additional finger 
amputa t ions . T h e right first metacarpal 
and port ions of the right 4th and 5th 
metacarpals remained. Defects had been 
covered by full thickness skin grafts to 
both hands . He was able to grasp crutch 
handles with both hands al though he 
was not able to fully oppose the first 
metacarpal residual to the residuals of 
the fourth and fifth fingers on the right. 
On the left side he was able to oppose 
the tip of the thumb to the fourth and 
fifth fingers and had a good grasp. It was 
concluded that prosthetic devices for 

the hands would only interfere with 
function, and therefore were not pre
scribed. 

Fig. 1 Above-knee prostheses with rigid knees 
for skiing rejected by A. H. 



Fig. 2. Comparison of standard practice and A. H.'s skiing prostheses with respect to alignment in the 
mediolateral plane. 



Fig. 3. A. H. in action. 

A. H . was strongly motivated. H e was 
fitted wi th a waist belt, hip joint , par t ia l 
suction sockets, M a u c h S-N-S knees, 
and single-axis feet. An at tempt at fitting 
him with " to ta l suc t ion" was unsuccess
ful because of perspira t ion problems. 

"Following delivery and instruction in the 
use of S-N-S knees, A. H . walked into 
the examining room without a cane. H e 
was urged to use one initially, however. 
H e subsequently became active in swim
ming, boating, horseback riding, and 
even sky-diving, and then indicated a 
strong desire to ski. H e had been a capa
ble skier prior to amputa t ion , and was 
anxious to ski again. 

Inquir ies were made to determine if a 
similar si tuation had arisen elsewhere at 
a prosthetic facility, and it was found 
that specially designed prostheses had 
been fabricated by another facility and 
used by a patient for skiing purposes, but 

this had been made, as illustrated in Fig. 
1., wi th solid knees. A. H . rejected this 
concept as too limiting. Prostheses were 
then fabricated incorporat ing S-N-S 
knees, part ial suction sockets, nylon 
waist bands and hip jo ints , and single-
axis feet. T h e sockets were set in 20 de
grees of abduction and the heel centers 
were brought directly under the ischial 
tuberosities (Fig. 2) . T h e abduction 
al ignment allowed the adductor muscles 
to contract, thus allowing his feet to be 
brought closer together. T h i s , of course, 
is contrary to s tandard al ignment pr in
ciples, but the s tandard al ignment for 
A. H . was found to be insufficient. W h e n 
the feet were set u p wi th a four-inch 
walking base he would have greater side-
to-side displacement, but more energy 
would be required. Wi th the walking 
base set nar rower , A. H . was able to 
obtain greater control of his prostheses 
and yet still have the option to widen his 
base. 

A. H . found that he could achieve bet
ter control and ski paral lel with this ar
rangement . T h e S-N-S knees proved to 
be ideal for this pat ient , and he has be
come a very proficient skier employing 
these compoments and outrigger skis. H e 
negotiates a s tandard slalom course at 
a respectable speed. 

Since sky diving was also impor tan t to 
him, his replacement prostheses were 
fabricated with Pelite liners to lessen the 
impact on soft tissues at the level of the 
br ims upon contact wi th the ear th . 

A. H . does not use crutches or a cane, 
and he works out extensively with 
weights. His occupation has changed 
from being a manager of a Hea l th Spa 
to that of director of a cardiopulmonary 
fitness sports t ra ining institute in New 
York. 

Since there is such a variety of pros
thetic components available now, the 
Clinic T e a m should spend the t ime to 
make the prescription that meets indi-



vidual needs. If the patient's motivatpon 
level and attitude reaches that of some
one such as A . H. , it is up to us as 
prosthetists to help meet these individual 
needs. 

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

T h e authors wish to thank Dr. Gustav 
Rubin for his assistance in helping to 
prepare this article. 

Footnotes 

1Technical Assistant to the Director, Veterans 
Administration Rehabilitative Engineering Cen
ter, 252 Seventh Avenue, New York, N.Y. 10001. 

2Staff Prosthetist, Patient Care Service, Veter
ans Administration Rehabilitative Engineering 
Center, 252 Seventh Avenue, New York, N.Y. 
10001. 



Technical Note 

An Acrylic Lamination Technique for An 
Ultralight Below-Knee Prosthesis 

The first pat ient that this type of pros
thesis was fabricated for was a 70-

year-old male, five feet, ten inches tall, 
and weighing 158 pounds . Amputa t ion 
on the left side below the knee was car
ried out secondary to diabetic gangrene. 
H e also has a longitudinal par t ia l foot 
amputa t ion on the right, leaving the 
great toe intact, but weakened for push 
off. 

T h e first prosthesis was a convention
al pate l lar- tendon-bear ing leg. It weighed 
5 pounds , one ounce and was delivered 
to the pat ient in December , 1976. H e 
was qui te active in this prosthesis wi th a 
cane and was wi thout problems except 
for an occasional replacement of the liner 
because of shr inkage of the residual l imb. 

T h e pat ient ' s ma in complaints about 
the prosthesis were the weight and the 
resul tant high rate of energy consump
tion while walking. H e asked that a 
lighter prosthesis be provided. T h e pre
scription called for a P T B with soft 
socket, S A C H foot, cuff suspension s t rap, 
and waistbelt. 

Original ly, we p lanned to fabricate 
the prosthesis of polyproplene, but we 
were not satisfied that this mater ia l is 
the answer to the ul tral ight question. 
No t only do we question the integrity 
of the mater ia l itself, but the additional 
expense of the oven, plastic welder, and a 
vacuum system and the lack of success in 
our hands and others in fabricating a 
polyproplene P T B led us to seek an
other solution. 

Using mater ia ls and equipment avail
able in most prosthetic laboratories, we 
have devised the procedure described 
below which makes use of acrylic resin 
in the laminat ion process. 

F a b r i c a t i o n P r o c e d u r e s 

Impression taking, model modification 
and soft interface fabrication remain the 
same. A check socket is desirable, since 
the thin laminat ions leave little room for 
error . 

Steps i n the First L a m i n a t i o n 

1. D r y the model in oven for 8 hours 
at 140 degrees F . 

2. Pa in t model with par t ing agent. 
3 . Apply P V A bag. 
4. Apply one layer of half-ounce Dacron felt. 

5. Apply two layers of Perlon stocki
net. 

6. Apply four layers of glass stockinet. 
7. Apply two layers of Perlon stocki

net. 
8. Apply P V A bag. 
9. Lamina te wi th 80% rigid-20% flexi

ble acrylic resin. 

Static A l i g n m e n t 

Use the Bock 1S19 S A C H foot wi th 
external foam keel. Be sure that the mid
line of the socket (A-P placement) is over 
the center of the foot, so as to reduce to a 
min imum the pressures exerted on the 
keel. 



W e also used the Bock 7 4 3 Z 4 adaptor 
to the BK adjustable leg and a 2 R 8 
S A C H foot adaptor instead of the con
ventional foot plug because this gives 
further adjustability at the ankle without 
the need to change the position of the 
socket. 

Transfer P r o c e s s 

1. Put the aligned prosthesis in verti
cal fabrication j ig . T igh ten the knee 
yoke screws in the keel to hold foot 
in al ignment . Fill the socket with 
plaster to ma in ta in its shape. 

2. Remove the BK adjustable leg and 
smooth the distal end of the socket. 

3. Apply a polyvinylchloride (PVC) 
bag to the socket to prevent foam 
from adher ing to it. Do NOT use 
P V A , because the moisture needed 

to soften a P V A bag will affect the 
foam. Use heat to soften the P V C , 
and seal the distal end of the bag. 
Cover the bolt hole in the keel with 
tape . 

4 . Apply a sleeve to contain the foam. 
5. F o a m from keel to the proximal 

t r im line. 
6. Remove leg from the vertical fabri

cation j ig . 
7. Shape shin according to measure

ments and blend the foam to the 
proximal tr im lines. Leave foam 
in the patel la- tendon indention 
and any other undercut areas to 
facilitate removal of socket from 
outer shell in later stages. 

F i n a l L a m i n a t i o n 

1. Separate the sole and the cushion 
heel from the keel of the S A C H 
foot. 

2. M a k e " k n o t h o l e s " in foam at distal 
socket (anterior, posterior, medial, 
and lateral sides) to allow contact 
between outer shell and socket. 

3. R u n a string from the keel to the 
vacuum source. 

4 . Apply a P V A bag. 
5. Fill "kno tho le s " wi th " g u n k " and 

let set in depressions. Th i s will 
bond to the laminate . 

6. Apply six to eight layers of perlon/glass stockinet. 

7. Apply a P V A bag. 
8. Lamina te with acrylic resin. 
9. Seal distal laminat ion on underside 

of keel so that the laminat ion is left 
smooth. 

A s s e m b l y 

1. Remove plaster from socket. 
2. Clean proximal t r im lines. 
3. Separate the socket from the outer 

shell. 
4. Remove foam from shell using pros

thetic router . Pul l ing tools can be 
used to remove foam from keel. 

5. Bond the socket to the outer shell 
wi th Siegelharz gunk. Be sure to 
bond "kno tho l e s " projections to 
outer shell to forestall breakage. 

6. Bond the sole of the foot to bottom 
of keel. 

7. Apply suspension straps. 
T h e key points in this procedure a re : 

1. Prevention of breakage through 
al ignment . 

2. Prevention of breakage through the 
use of " k n o t h o l e " projections to 
contact the outer shell. 

3. Use of l ightweight acrylic resin. 
T h e finished prosthesis weighed two 

pounds , five ounces, compared wi th 
five pounds , one ounce for the old pros
thesis. T h e components a re shown in 
Figure 1. 

Th i s article was originally submitted 
for publication in Apr i l , 1978. I came 
across my copy in my BK notebook 
again, whereupon I rewrote par t s of the 
fabrication section since I had discov
ered in the meant ime easier ways to 
carry out some steps. 

Since J a n u a r y 1, 1978, our laboratory 
has fabricated about 20 ultral ight be-



Fig. 1. Major components of the ultralight below-knee leg using acrylic resins for lamination. 

low-knee prostheses for both male and 
female patients, from 23 years of age to a 
98-year-old gent leman. Pat ient weights 
have ranged from 87 lbs. to 226 lbs. 
Activity levels have varied from a cos
metic leg for a wheelchair user to our 
super active 23-year-old rock singer (on 
weekends) who won ' t sit down. 

T h u s far there has been no breakage. 
O n old users, I have not seen the pa
tients as often for problems as I did be
fore making the ul tral ight prosthesis. 

T h e 23-year-old presented the greatest 
problem with acceptance of the new leg 
because she did not believe a prosthesis 
that light would support her. It took 
two to three weeks for her to become 
accustomed to the absence of weight. 
N o w , she doesn' t wan t to take off the 
prosthesis for fear I will pour lead into 
the hollow section. 

Finished weights of the prosthesis 
range from one pound, nine ounces to 
two pounds , fourteen ounces (without 
corset and jo in t uppers) and suspension 
from cuff to supracondylar to supracon
dy la r / suprapa te l l a r to joints and corset. 
Only two patients have wanted to use 
waist belts because they felt " n a k e d " 
without them. 

E d w a r d J . R o m a n II , C .P . 
Director of Prosthetic Services 
Dreher-Jouet t , Inc. 
210 W . Chicago Ave. 
Chicago, I L 60610 

Lar ry M o t t 
Ot to Bock Orthopedic Industry , Inc. 
610 Ind iana Ave. N o r t h 
Minneapol i s , M N 55422 
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New Publications 

Functional Electrical Stimulation— 
A Practical Clinical Guide, by Laurel A. 
Benton, Lucinda L. Baker, Bruce R. 
Bowman, and Robert L. Waters; Re
habilitation Engineering Center, Rancho 
Los Amigds Hospital, Downey, Califor
nia; 133 pages, 75 illustrations; $10.00. 

Funct ional electrical s t imulation, or 
the use of electrical current to cause 
functional contraction of muscle, has 
been the subject of a great deal of study 
in the Uni ted States and Europe for the 
past twenty years, and workers at 
Rancho Los Amigos Hospi ta l have been 
among the leaders in this field. 

It is gratifying to see a useful text on 
functional electrical st imulation emerge 
from the research ranks . 

A fascinating history of the use of 
electricity in a t tempts to cure medical 
problems through the ages is followed 
by a very practical review of neuro
physiology related to the basis of nerve 
and muscle excitation which, in turn , is 
followed by a chapter on the principles 
of electrical s t imulat ion. 

Mos t of the remainder of the book is 
devoted to instructions for use of electri
cal st imulation for: 

(1) Main tenance of range of motion 
(2) Correct ion of contractures 
(3) Strengthening of muscles 
(4) Facil i tation of voluntary motor 

function 
(5) Inhibi t ion of spasticity 
(6) Substi tution for t radi t ional or

thoses 

Detailed instructions are outlined for 
use of functional s t imulat ion to improve 
function about each of the major jo ints 
in the lower and the upper limbs. 

A glossary of terms and a very com
prehensive bibl iography are included. 

Th i s manua l is well wri t ten and illus
trated. It is devoid of j a rgon and can be 
easily understood by the clinicians for 
whom it is intended. T h e only shortcom
ing I can see wor th not ing is omission of 
information concerning availability of 
devices and the various characteristics of 
those devices that can be obtained pres
ently. Pe rhaps the au thors had a good 
reason, but they seem to have not in
cluded it in this edition. 

Copies may be ordered directly from 
the Professional Staff Association of 
Rancho Los Amigos Hospi ta l , 7413 
Golondr inas Street, Downey , California 
90242. 

A. Bennett Wilson, J r . 

Boating for the Handicapped— 
Guidelines for the Physically Disa
bled by Eugene Hedley; published by 
Human Resources Center, Albertson, 
New York; 1979; Library of Congress 
Catalog No. 79-91181; 114 pages (from a 
14-page insert in Braille), numerous 
illustrations; paperbound; individual 
copies free. 

Thi s little treatise was prepared by 
the Research and Uti l izat ion Insti tute of 
the Nat ional Center on Employment of 
the Hand icapped at the H u m a n Re-



New Publications 

sources Center under a grant provided 
by the Uni ted States Coast G u a r d . 

T h e purpose is to inform physically 
handicapped individuals and rehabil i ta
tion personnel of the opportunit ies in 
recreational boating available to the 
"d i sab led" . 

Emphas i s quite properly is on safety 
afloat and access to and from boats. 
About a third of the text describes brief
ly, but accurately, the various types of 
recreational craft available—canoes, 
rowboats , various types of sailboats and 
power boats. Appendices include a list 
of books recommended for further read
ing, a par t ia l listing of recreational or
ganizat ions for the handicapped, legisla
tion affecting accessible recreation, and a 
description of a very interesting project 
involving the study of the desirability to 
make rowing available to paraplegics. 
T h e book concludes with an eight-page 
annota ted bibliography. 

Boat ing for the Handicapped would be 
an excellent item for the wai t ing room of 
each prosthetics and orthotics facility. 
Cer ta inly , the price is r ight! 

A. Bennett Wilson, Jr. 

Orthopaedic Surgery Continuing 
Education Review by Joseph A. Kopta, 
Carlos Garcia-Moral, William A. Grana, 
Richard H. Gross, and J. Andy Sullivan; 
Medical Examination Publishing Co., 

Inc. (an Excerpta Medica Company), 
Garden City, New York; August 1980; 
Library of Congress Card No. 80-80366; 
216pages, no illustrations; paperback. 

This little paperbound volume con
tains 363 essay-type questions that are 
designed to help clinicians to keep up to 
date in orthopaedic surgery as the field 
expands and changes as a result of both 
basic and clinical research. D r . Kopta 
is Professor and C h a i r m a n of Depar t 
ment of Or thopaedic Surgery and Re
habil i tat ion, University of Ok lahoma 
Hea l th Sciences Center , and the other 
authors a re members of his staff. 

Each of the questions posed are an
swered in one or two succinct pa rag raphs 
which include the background and ra
tionale for the current practice. Appro 
pr ia te references are listed at the end of 
each answer . T h e coverage is compre
hensive and the language is clear and 
concise. Dr . Kopta and his staff are to 
be commended for a fine job . 

Al though wri t ten wi th the practicing 
orthopaedic surgeon in mind, the ma
terial presented is of such a na ture that 
this book should be read closely by 
every orthotist and then kept as a ready 
reference in his daily work. Or thopaedic 
Surgery Cont inuing Educat ion Review 
should also be considered by the Pros
thetics and Orthot ics Educat ion Pro
grams as an adjunct text. 

A. Bennett Wilson, Jr. 
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CLASSIFIED ADVERTISEMENTS 
Member —First 35 words - $24 .00 (min imum) . Addit ional words $1 .00 each. N o n - m e m b e r —First 
35 words - $36 .00 ( m i n i m u m ) . Addit ional words $1 .50 each , (a word consists of 5 characters). 
Mail Addressed to Nat ional Office forwarded unopened at no charge. Classified Advertisements 
are to be paid in advance; checks should be m a d e payable to A O P A . Send to: Editor, A O P A 
Almanac , 717 Pendleton St. , Alexandria, V A 22314 . N o classified ads will be taken by phone . 

CO.—Experienced in Measuring, fabrica
tion and fitting. All types of Thermo Plas
tic Modled Orthoses. Salary plus bene
fits per y e a r for qualified individual. South 
East Penna. firm. Resumes in strict confi
dence to Louis Yellin, Inc., 2 4 2 So. 1 7 t h 
St., Philadelphia, PA 1 9 1 0 3 . 

CERTIFIED O R T H O T I S T S - t o attend 
clincs, measure and fit patients. M u s t be 
experienced in all facets of orthotics. Sal
ary negotiable. Please send resume to 
Scotts Orthot ic Lab, 1 4 0 0 3 r d St. S., St. 
Petersburg, Florida 3 3 7 0 1 . 

PROSTHETICS REQUIRED IN C A N A 
DA—The Novia Scotia Rehabilatation 
Centre Orthotics/Prosthetics Depar tment 
located in Halifax, Nova Scotia, Canada 
has an immediate requirement for the ser
vices of two Prosthetists. The facility is lo
cated in a modern new building with new 
equipment. The patient load represents 
persons from all ages with a diversity of 
prosthetic requirements, including all 
types of upper and lower extremity pros
theses. Successful applicants will have the 
opportuni ty to maximize their potential, 
utilizing individual incentive and inge
nuity. The position offers a competitive 
salary with excellent fringe benefits which 
include: an incentive for moving, allow
ance for moving expenses and return air 
fare for interview. Reply in confidence: 
The Director Orthotics/Prosthetics De
partment, Nova Scotia Rehabilatation 
Centre, 1 3 4 1 Summer Street, Halifax, 
Nova Scotia, B3H 4K.4 Canada, Tele-
hone- 9 0 2 - 4 2 2 - 1 7 8 7 local 1 2 3 . 

PROSTHETIC TECHNICIAN W A N T E D -
Large modern facility seeks experienced 
Prosthetic Technician. Excellent salary 

and fringe benefits. We are growing fast 
and need top quality men to grow with 
us. Replies confidential. Florida Brace & 
Limb, 2 5 0 3 Swann Avenue, Tampa, Flor
ida 3 3 6 0 9 . Call Les Bauer collect 8 1 3 -
8 7 0 - 3 3 2 2 . 

CERTIFIED P R O S T H E T I S T S W A N T E D -
Large modern facility seeks experienced 
Prosthetist. Excellent salary and fringe 
benefits. We are growing fast and need 
top quality men to grow with us. Replies 
confidential. Florida Brace & Limb, 2 5 0 3 
Swann Avenue, Tampa, Florida 3 3 6 0 9 . 
Call Les Bauer collect 8 1 3 - 8 7 0 - 3 3 2 2 . 

O R T H O T I C - P R O S T H E T I C T E C H N I 
CIAN—Rapidly growing Seattle area 
facility needs experienced person for cen
tral fabrication operation. Salary com
mensurate with experience plus benefits. 
Send confidential resume to AOPA Box 
1 2 8 0 1 , 7 1 7 Pendleton St., Alexandria, 
VA 2 2 3 1 4 . 

CERTIFIED P R O S T H E T I S T - I m m e d i a t e 
opening for certified or board eligible. 
Experience in patient management and 
fabrication. Location—Midwest facility. 
Excellent salary based on background and 
experience. Nice fringe benefits. Send 
resume to AOPA Box 1 2 8 0 3 , 7 1 7 Pendle
ton St., Alexandria, VA 2 2 3 1 4 . 

W A N T E D experienced orthotists-prosthetist 
and prosthetist. Does not need to be cer
tified, bu t should be experienced in all 
facets of the field. Prosthetist should have 
VA required courses. Send resume and 
salary requirements to San Jose Or th 
opedic Service, 4 8 Race St., San Jose, 
CA 9 5 1 2 6 , ( 4 0 8 ) 2 8 8 - 6 6 7 7 . 
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ORTHOTIST—Large northern Virginia 
hospital located near the Washington 
D.C. metropolitan area is seeking a cer
tified orthotist. Primary responsibility will 
be providing care to patients, with dis
abling conditions of the limbs and spine, 
by fitting orthoses. Individual should be 
certified by the American Board of Certifi
cation or equivalent or eligible wi th a min
imum of 2 years ' clinical experience. Well 
established depar tment has the latest 
equipment and tools. We offer a good 
benefit package wi th competitive salary. 
Send resume (including salary history) 
to: The Fairfax Hospital Employment 
Office, 3300 Gallows Road, Falls Church, 
Virginia 22046. M / F EOE. 

C E R T I F I E D P R O S T H E T I S T / O R T H -
OPTIST—for Southern Coastal location. 
Unlimited opportuni ty for r ight person. 
Reasonable pay, good fringe benefits. 
Possibility of part or full ownership of old 
established facility doing in excess of 
quarter-million. O n l y highly dedicated and 
sincere persons need apply. Replies con
fidential, A O P A Box 12806, 717 Pendle
ton St., Alexandria, VA 22314. 

CP.—C.P.O.—Desire a challenge? Progres
sive Orthot ic and Prosthetic Practice seek 
practitioner to join professional staff. 
Dut ies will include patient treatment and 
office management. Send resume and 
salary requirements to David J. Kozersky, 
C.P.O. or Bradd L. Rosenquist , C.P.O. 
Columbus Orthopaedic Appliance Com
pany, 588 West Gay Street, Columbus, 
Ohio 43215. 

PROSTHETIC TECHNICIAN—M oder n 
facility seeks experienced Prosthetic Tech
nician. Excellent salary and benefits. All 
replies confidential. Send resume to David 
J. Kozersky, C.P.O. or Bradd L. Rosen
quist, C.P.O. Columbus Orthopaedic 
Appliance Company, 588 West Gay Street, 
Columbus, Ohio 43215. 

O R T H O T I C T E C H N I C I A N — P o s i t i o n 
open for individual with four years min
imum experience in orthotic fabrication. 
Excellent oppor tuni ty for the right person. 
Salary commensurate with experience 
plus benefits. Contact Galen Guenther, 
C O . , Billings Orthopedic, 506 Nor th 
32nd. Billings, Montana 59101, 406-
259-3577. 

PROFICIENT CERTIFIED P R O S T H E -
TIST A N D O R T H O T I S T OR TECHNI
CIAN—needed for established business 
located in New York metropolitan area. 
Modern facility, excellent working con
ditions. Resume required. Strict con
fidence. Reply: AOPA, Box 2627, 717 
Pendleton Street, Alexandria, VA 22314. 

CERTIFIED PROSTHETIST-Exper ienced . 
For person seeking both management and 
fabrication oppor tuni ty in a progressive 
certified facility in New Jersey. M u s t func
tion both technically and clinically. Send 
resume to AOPA, Box 18047, 717 Pendle
ton Street, Alexandria, VA 20314. 
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The Juvenile 
Liberty. Freedom from intervention by a more 

dominant force. The very thought forces us to 
fairly burst with pride upon reflection of our 
historic roots. Who, though, desires liberty more 
than a wild animal or child—especially a child 
who is an amputee? 

One is never sure whether fate has seriously 
deprived a crippled child of not only his freedom 
to succeed, but also his freedom to fail—but one is 
sure that the best cosmes is and prosthesis 
certainly creates a better opportunity for choice. 

Kingsley Mfg. Co. builds such a device for 
children, the Juvenile sach foot with Natural 
Toes™. This normal width foot is available in 
medium or soft heels and in metric lengths from 
14 cm to 22 cm. The inert Medathane construction 
assures the child freedom of comfort from the 
beach to the opera. 

Even up those odds for the child amputee with 
the Kingsley sach foot with Natural Toes™ for 
children, the Juvenile. Liberty should be every 
childs right—where he takes that freedom is up to 
him-—that's the American dream — that's the 
power of choice. 

Catalog K06 

Unless specified "without toes," orders for all 
Kingsley Mfg. Co. 'Juvenile" feet are now filled 
with the new Natural Toes™. 

KINGSLEY MFG. CO. 
1984 PLACENTIA AVENUE 

COSTAMESA, CA 92627 
(714)645-4401.1800)854-3479 

World's leading manufacturer of prosthetic feet with Natural Toes1 
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FAST FRIENDLY SERVICE 
FOR OVER 50 YEARS . . . 

YOUR DISTRIBUTOR TO ORTHOTIC AND PROSTHETIC FACILITIES 

Over 9,000 items and 1 ,500,000 units and pieces f rom more than 300 manufacturers in 

stock for immediate shipment to you — all f rom one experienced supplier. That means 

fast service, fewer orders to write, lower freight cost, and only one check to write each 

month. The Knit-Rite staff is ready to serve you. 

• Bell-Horn • Weniger • Becker • Otto Bock 
• U.S. Rubber Co. • Apex • Arbeka 
• Camp • Fillauer • Kingsley 
• U.S. Manufacturing Co. 
• Johnson & Johnson 
• Orthomedics 
• And Many More 

WHEREVER POSSIBLE WE ARE WORKING 
TO IMPROVE AND BROADEN OUR SERVICES 

TO OUR CUSTOMERS. 

FAST SERVICE AS CLOSE AS YOUR PHONE 
K . \ I ' 1 ' - 1 -ill 12, I N C 2020 GRAND, P.O BOX 208, 
KANSAS CITY, MO 64141 Phone (816) 221-0206 Toll Free (800) 821-3094 



P U T S Y O U IN C O N T R O L 

• Control your working time, using warm or 
cold water. Saturates in 30 seconds. 

• NOT PRESTRETCHED - you control 
elongation. 

• Available in four sizes. 
3 inches ( 8cm.) 
4 inches (10cm.) 
5 inches (12cm.) 
6 inches (15cm.) 

YOUR CAST IS THE FOUNDATION FOR 
QUALITY ORTHOTIC - PROSTHETIC 
CARE. USE RUHRSTERN ELASTIC 
PLASTER BANDAGES FOR EXTRA 
CONTROL. 

ORTHOPEDtC INDUSTRY INC. 
UNITED STATES OF AMERICA 
CALL TOLL FREE 800-328-4058 
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2 G r e a t N e w M a c h i n e s T o E n h a n c e T h e 

S k i l l s O f T h e O r t h o t i c P r o f e s s i o n a l 

S1000 
The S1000 has two ultra-high speed 60" quick change belts, the new 
Quik-Adjust sole trimmer that lets you dial any size edge iron to a 
#36 while the machine is running, and a fully ducted dust control 
system that is so efficient it doesn't even need a bag shaker. The 
S1000 fits into a 50-inch space and comes with a heel breaster, 
1-9/16" wide belt, a 41/2" bottom sander, a 4" belt, and a drum 
sander. Alternate shaft configurations available. 

S500 
This compact sander fits in a 40" space and may 
be ordered with any combination of two 4" or 
1-9/16" belts. Belts are a full five feet long for 
maximum cutting speed. Steel brush for right 
end of shaft, heel breaster for left end, with all 
dust areas fully ported to highly efficient dust 
control system Swingaway access doors for fast 
belt changes. 

This Shaft For The Complete Finisher 

Order your S1000 to accept the combination brush-bur
nisher wheels Mounted with bayonet fittings, the brown 
or black wheels snap on the right end of the shaft quickly, 
eliminate the need for a separate brush-burnisher unit. 
Dozens of other fittings to fit shaft end. 

TE3 
/3500 
3500 Scarlet Oak Boulevard • St. Louis, MO 63122 

Toll free; (800> 325-3542; In Mo. dial (314) 225-5255, 
[ ) Send complete Information on the S1000 
| I Send information on (he S500 
Name 
Firm 
Address 
City, State, Zip 
Telephone 



ANNOUNCING 
P E L S u p p l y C o m p a n y 

is N o w a D i s t r i b u t o r f o r . . 

• B 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 . 

• H O S M E R D O R R A N C E C O R P . 

• O H I O W I L L O W W O O D C O . 

• O R T H O M E D I C S , INC. 

• S P E N C E R M E D I C A L by C a m p 

We Invite You to Call or Write. 

S U P P L Y C O . 
4 6 6 6 M a n u f a c t u r i n g Rd. 
Cleveland, Ohio 44135 
Phone: a.c. 2 1 6 - 2 6 7 - 5 7 7 5 
8 0 0 . 3 2 1 - 1 2 6 4 
O r t h o t i c & P r o s t h e t i c P a r t e & S u p p l i e s 
P a u l E L e i m k u e h l e r , C P , p r e s i d e n t 
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Having O & P Production 
Problems? 

T r y o u r C e n t r a l 

F a b r i c a t i o n a n d 

y o u c a n s p e n d 

m o r e o f y o u r 

v a l u a b l e t i m e 

w i t h p a t i e n t s . 

I T 
W O R K S ! 

UJOS WASHINGTON 
PROSTHETIC 
SUPPLIES 

40 PATTERSON ST., N.E. 
WASHINGTON, D.C. 20002 
(202) 789-0052 
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Instructional Course 
L o w e r - L i m b Orthotics 

T h e U .S . Nat ional Commit tee of the International Society for Prosthetics and Orthotics 
with the cooperation of the Texas Scottish Rite Hospital for Crippled Children and the Or
thopedic Division of the University of Texas Health Science Center at Dallas will present a 
multidisciplinary course in Lower-Limb Orthotics, March 9-13, 1981. T h e course will be 
held in the Texas Scottish Rite Hospital for Crippled Children in Dallas, Texas , and is de
signed to bring all members of the orthopedic team up to date concerning orthopaedic brac
ing. For details contact: A. Bennett Wilson, Jr. , Division of Orthopedics , University of 
T e x a s Heal th Science Center, 5323 Harry Hines Boulevard, Dallas, Texas 75235 . 

FOR FIT and C O M F O R T 
S H O E S F O R 

E V E R Y N E E D ! 
OUR FAMOUS 

Rover 
COLORS: Black. White. 
Beige, Blue and Green Gluv, 
Brown and Toupe Thorobred • 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 - 1 2 in varying 
widths, leather uppers. 

AND POPULAR 

COLORS: Black, Camel, Bone, White 
Blue and Red 

DREW SHOE COMPANY 
252 Qua r r y Road 

Lancaster, O h i o 4 3 1 3 0 
(614) 653-4271 

Please Send For Our In Stock Catalog 
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\ b u r Bus iness 
c a n b e o n e , t o o . 

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. 



American Orthotic and Prosthetic Association 
717 Pendleton Street 

Alexandria, VA 22314 


