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SUTTON SANDER SPEEDS 
CUTTING TIME BY 40<*b! 
BELTS LAST FOR MONTHS 
Designed especially for the limb and brace profession. 
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M A D E T O O R D E R 

Special Orthopedic Shoes 
ANY TYPE — ANY STYLE 

Send us the negative casts, we make the Shoes 
to your or your Doctor's specifications. 

W E S P E C I A L I Z E I N E X T R E M E C A S E S . 

For information and price list, also free measuring 
charts, write to: 
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Here's a toast to normal living . . . 
Acquaint your clientele with the important and 
useful features of the I M P E R I A L H A N D . 

Molded of high impact flesh colored plastic for 
lightness and strength. 

Fully jointed flexible five fingers with a very wide 
opening. 

Separate third and four finger spring 
action for holding irregular objects. 

Easy tension control for adjustment 
for light or very strong grip. 

r w i p e r i a 

LOCKGRIP 
MECHANICAL 
HAND 

Immediate delivery 
Cosmetic gloves in 
all tints 
Write for our new 
illustrated brochure 

DESIGNED AND MADE BY 

D B D C r V C D M E C H A N I C A L 
• D* D C l l V E I t H A N D C O M P A N Y 

752 W. St evens St. 
St. Paul 7, Minn. 
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I N T R O D U C I N G 

A NEW 
PROGRAM 

W H E N S H O E 
P R E S C R I P T I O N S 

A R E N E E D E D 

New 
Abduction 
Boot 

. . . with 
adjustable 
forefoot 
abduction 
strap 

Packaged 1 shoe to a box 

New 
Advanced 
Equalateral 
Straight 
Last Boot 

.with ankle 
and heel control strap 

Duo-Plex Bendable Night 
Splint 

, . .NEW Scientific Advance 
in Splint Techniques 

Full range of settings for 
internal and external 

torsional factors 

Abduction 
Shoe and 
Oxford 

. . . constructed 
to obtain 
TRUE abduction 
"Force" 

Small 3 to big 3 

Equalateral 
Straight Last 

Symmetrical 
Construction — 
Flexible Shank 

The Axial 
Straight Last Shoe 

Arch Feature Shoes The Surgical Boot 

P L U S 
• 3asic Abduction Boot 

(clubfoot) 

• Basic Equalateral Open-
toe Boot 

• Plastic Torsion Splint 

• Friedman Counter Splint 

• Thera-Pedic Measuring 
Device 

Carefully Selected Fitters... 

• Conscious of foot health 
needs 

• Trained to fill all 
prescriptions 

• Offering complete mis-
mate service 

• Offering depth in sizing 

A L L F R O M 

P.O. Box 2005 
Milwaukee, Wis. 53201 
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l^ecda&tCc INTRODUCES 

THE N E W *RREP C O S M E T I C G L O V E 

Made of Resin Rich Plastisol: 

• For Greater Stain and Tear Resistance. 

• Color ingrained for Greater Stability. 

• Dilaminar type fabrication for better 
esthetics. 

AVAILABLE IN 20 SIZES FOR PASSIVE HANDS 

AND FOR ALL MECHANICAL HANDS — ONLY 

IN REALASTIC 

* A revolutionary new compound developed by Army Medical 
Biomechanics Research Laboratory. 

t PROSTHETIC SERVICES 
O F S A N F R A N C I S C O 
46 Shipley Street San Francisco 

California 94107, U.S.A. 362-7341 
(Area code 415) 
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The most 
widely accepted 
prescription aid 
for compression 
fractures of 
the lower spine. 

The Jewett Hyperextension Back Brace 
Medical acceptance of this precision-made 
appliance has been established through 
thousands of prescriptions. Five simple 
measurements ensure effective, comfortable fit 
for children through extra-large adults. Braces 
delivered assembled to your exact measure-

•jrai merit specifications. Same day 
rHL"MLaT service. Stock sizes also available. 
^ ^ S ^ ^ i Price and trade protected. 

FLORIDA BRACE CORPORATION 
601 Webster Ave. • Box 1299 • Winter Park, Fla. 32789 • Phone: 305 644-2650 
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for 
contracted 

heel cords... 

the B E W E S H 
B R A C E B O O T 
by Markell 

Braces fit bet ter and func t i on bet ter on ch i ld ren 
w i t h equinus feet, w h e n the Benesh B race Boot is 
specif ied. 

A t r anspa ren t back w i n d o w o f h e a v y v i n y l e l im i 
nates g u e s s w o r k . . . s h o w s exac t l y w h e r e the heel is . 

Special i n n e r lac ings keep the foo t i n contact 
w i t h the shoe bo t tom at al l t imes. Hee ls don ' t s l ip , 
r u b , o r bl ister. C h i l d r e n a re m o r e comfor tab le . 

A v a i l a b l e , r e a d y made , i n fu l l o r ha l f pa i r s d i rect 
to inst i tu t ions, o r t h r o u g h shoe stores and brace 
shops t h roughou t the U n i t e d States a n d C a n a d a . 

M. J. MARKELL SHOE CO., INC. 
504 SAW MILL RIVER ROAD, Y O N K E R S , N. Y . 

originators of Tarso Supinator,® Tarso Pronator® 
and Tarso Medius® therapeutic foot wear. 
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DUPACO HERMES 
HYDRAULIC SWING PHASE CONTROL UNI 

No astronauts 
have yet walked in space 
with a DUPACO HERMES 
hydraulic knee. 

B U T . . . 

Earthbound AK amputees enjoy greater 
walking freedom when their 
prostheses combine the finest: 

DUPACO HERMES hydraulic control 
installed in 
OHIO WILLOW WOOD proportioned 
wood setups. 

OHIO WILLOW W O O D 
PROPORTIONED WOOD SETUP 

BE A HERO 

provide your next AK amputee with this 
outstanding combination! 

D U P A C O 2 0 S NORTH SECOND AVE. ARCADIA • CALIFORNIA 
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T h e 
S O L E 
a n s w e r to Ip îlf 

effect ive 
b racework 

Sabel shoes are designed to MP. * 
firm where firmness is required. As the oak bend sole to which the 

brace is attached. Sabel shoes help hold the rigidity that the brace attains. 
Yet the uppers of the shoe are made of soft, top quality leathers, 

and they're imported glove-leather lined. 
The seamless back and sloping top line prevent chafing. The swing-away 

tongue promotes better fit and adjustment of the shoe to the foot. 
Sabel makes the shoe that makes the bracework effective. 

NO EXTRA CHARGE FOR SPLIT PAIRS 

S A B E L D I V I S I O N . R. J . POTV1N S H O E C O . , B R O C K T O N , MAS: 
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Outstanding 
Comfort 
for the 
Customer! 

Outstanding 
Profit 
for the 
Dealer! 

S T O C K O R D E R S S H I P P E D 
I N 4 8 HOURS 

You'll find sales features galore 
in Freeman surgical supports. Low, 
low dealer prices for higher mark
ups, too! Cool, soft velveteen 
lining and stay covers make these 
the most comfortable supports 
yet. Exteriors are available in 
canvas, dacron mesh, dacron and 
brocade. 

Freeman's full line of supports 
are the result of over 70 years 
experience and close association 

with the medical profession. 
That's one reason why doctors 
recommend them. 

Stock orders shipped in 48 
hours—on special request, orders 
will be shipped the same day they 
are received. 

Freeman 
Freeman Manufactur ing C o . 
Dept . 306, Srurgis , Mich igan 

WRITE fOR FREE CATALOG 
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Now in stock 
THE RUHRSTERN B A N D A G E 

Available in the following sizes 

3 inch — 12 boxes per case 

4 inch — 10 boxes per case 

5 inch — 8 boxes per case 

Orders filled promptly—write: 

Fillauer Surgical Supplies, Inc. 
P . O . Box 1678 

Chattanooga, Tenn. 

O R T H O T I C S P E C I A L T I E S 
L O W E R E X T R E M I T Y B R A C E P A R T S 

Only Fillauer offers a source of supply 

for 

ADJUSTABLE STAINLESS STEEL BRACES 

for growing children 

Low Profile— 

Drop Lock Knee Joint 

Adjustable Ankle Joint Bars 

Write for catalog 

S U R G I C A L S U P P L I E S , I N C . P . O . B O X 1 6 7 8 

E s t a b l i s h e d 1 9 1 4 C H A T T A N O O G A , T E N N . 
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, , . since 1928, specialists in 
providing that supreme quality 

of skins required for exactin 
prosthetic and orthopedic use. you most be satis/fed 

The Prime Source for Finest Quality Crutch Accessories 
CRUTCH C U S H I O N S — E x c l u 
s i v e c o n s t r u c t i o n a s s u r e s 
long life and absolute crutch 
comfort. 
HAND GRIPS—Provides soft, 
sturdy grip while alleviating 
b l i s t e r s , cramps and wr ist 
tension. 
S A F E - T - G R I P S — P r o v i d e s 
s a f e , s k i d - p r o o f t r a c t i o n 
u n d e r t h e m o s t d i f f i c u l t 
conditions. 

THE MOST EXTENSIVE 
CRUTCH ACCESSORIES 

Catalog available 

on request 

GUARDIAN PRODUCTS COMPANY, INC. 
8277 Lankershim Boulevard 

North Hollywood, Calif. 91609 

LINE OF QUALITY 
AVAILABLE. 
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rRUFDRM 

Sold only by ethical dealers, endorsed 
and recommended by physicians and 
fitted by professionally trained tech
nicians, Truform anatomical supports 
are the most highly respected and 
accepted products in the field. They 
enhance and protect the professional 
status of the ethical dealer who carries 
them. Truform's progressive merchan
dis ing and advert is ing programs 
stimulate sales and increase profit. 
If you're an ethical dealer who's look
ing for growth, you can grow faster— 
both professionally and financially 
with Truform—the complete line of 
Or thoped ic App l iances • Surgical 
Supports • Elastic Hosiery • Specialties. 

For a starter, write for your free 
copy of the Red Book, illustrating the 
Truform line. 

Truform Anatomical Supports sold 
only by Ethical Appliance Dealers 

THIFDRM 
anatomical supports 
3960 Rosslyn Drive, Cincinnati, O. 45209 
New York • San Francisco • Texarkana 

3175 
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PROCEEDINGS OF THE 1966 ASSEMBLY OF THE 
AMERICAN ORTHOTIC AND PROSTHETIC ASSOCIATION 

This issue of the Journal includes three papers delivered at the 
1966 Assembly in Palm Springs, California: 

1. Immediate Post-Surgical Prosthetics, by Ernest M. Burgess, M.D., 
and Joseph H. Zettl, C.P. 

2. Upper Extremity Orthotics: A Project Report, by Thorkild J. 
Engen, C.O., and Louis F. Ottnat, C.O. 

3. Plastisol Coatings and Application Techniques, by David H. Harden, 
and Richard D. Koch. 

Immediate Post-Surgical Prosthetics 
by ERNEST M. BURGESS, M.D., 

Principal Investigator 
and 

by JOSEPH H. ZETTL, C.P. 
Associate Director 

Presented at the 1966 AOPA Assembly, Palm Springs, California 

GENERAL CONCEPTS 

The fitting of lower extremity amputees with a temporary prosthesis 
immediately following surgery constitutes a dramatic departure from conven
tional amputation surgery and management. The closed wound of an amputation can be subjected to firm, even, controlled pressures by use of a 
rigid dressing, carefully applied with relief for bony prominences and by 
avoiding proximal restriction. With this immediate post-surgical dressing 
properly applied and contoured, it is feasible to incorporate into it a light, 
adjustable temporary prosthesis and foot. General condition permitting, 
the amputee can bear controlled weight the day following surgery and ambu
late with minimal weight bearing a day or two thereafter. Continued in
creases in weight bearing in both stance and gait phase are feasible and 
desirable throughout the wound healing period to the fitting of the definitive 
prosthesis. Immediate post-surgical prosthetic management of the amputee 
provides a number of benefits not obtained by conventional amputation 
surgery and prosthetic management. The technic provides: 

1. Accelerated wound healing and stump maturation. 
2. Decrease of post-operative pain (often only mild opiates and seda

tives required.) 
3. Absence of post-operative edema. 
4. Marked reduction in phantom pain. 
5. Earlier weight bearing (first post-operative day, general condition 

of patient permitting.) 
6. Earlier ambulation (second or third post-operative day, general con

dition of patient permitting.) 



F i g u r e 1—Prosthe t ic kit i n c l u d i n g A K & B K p y l o n s , S A C H feet , 
e last ic p l a s t e r b a n d a g e , a n d A K s u s p e n s i o n bel t . O n the r igh t , 
a d h e s i v e s p r a y , a n d compar tments fo r felt s t r ips , stump s o c k s , a n d 

B K w a i s t be l t . 

7. Shorter hospital confinement of the patient (average discharge be
tween ten to twelve days.) 

8. Earlier fitting with a definitive prosthesis (average 28 days post
operatively.) 

9. A more stable stump (reduced changes due to muscle atrophy es
pecially if tension myodesis was performed in surgery.) 

10. An improved general physical condition of the patient due to re
duced bed confinement. 

Successful immediate post-surgical prosthetic fitting and ambulation 
also provides psychological and financial benefits and make the technic, 
whenever possible, the one of choice. The technic can be applied to any 
level of lower extremity amputation, and with proper attention to the details 
of the technic, extremely gratifying results can be obtained. 

CASE SELECTION 
The technic of immediate post-surgical fitting of lower extremity am

putees is by no means restricted to selected cases of a particular category 
of disability or age group. Except for severe burns, the technic can be used 
successfully even if the patient is for some reason temporarily non-ambu
latory. In this study to date, well over 100 cases have been treated in this 
manner and include the following amputation levels: Chopart, Syme. below 
knee, knee disarticulation, above knee, and hip disarticulation. No hemipelvectomy or upper extremity amputations have been carried out using 
this method. The patients' ages ranged from 3 to 86 years and covered 
practically the entire scope of standard lower extremity amputation surgery. 
The majority have been vascular amputees, many with gangrene and dia
betic conditions. 

SURGICAL AND PROSTHETIC EVALUATION 
Whenever possible, it is standard procedure for the surgeon and 

prosthetist to evaluate the patient one day or more prior to surgery. At this 
time, a level selection is in order. In cases showing a poor circulatory 
status of the extremity, arteriography, oscillometry, plethysmography and 
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skin temperature readings will aid in level selection. However, it may be 
necessary to make the final decision at the time of surgery. Absence of a 
popliteal pulse is by no means a final indication for amputation at an 
above knee level. Satisfactory results have been obtained in below knee 
amputations without demonstrated blood flow through the popliteal artery, 
providing collateral blood supply was present to the skin flaps. 

The procedure and the technics are fully explained to the patient to 
make him aware of his role and to insure his cooperation. It is good prac
tice at this time for the prosthetist to secure a shoe from the patient, to note 
any contractures that may be present, and to take a waist measurement for 
the preparation of the suspension belt. This will insure the prosthetist to 
have the proper and fitting parts ready in surgery and to avoid any un
necessary confusion or delay. It is extremely valuable to have a complete 
assembled kit ready at all times, for just this purpose. (Fig. No. 1 & 2) 

SURGICAL PROCEDURE 
In surgery the departure from conventional amputation surgery when

ever possible is in the form of the so-called tension myodesis. After the 
tibia is divided and beveled anteriorly, the periosteum is stripped back ap
proximately 3 / 8 " and a series of small drill holes are placed through the 
distal end of the tibia. The major opposing muscle groups, i.e., the ankle 
dorsiflexors and plantar flexors in below knee amputations, and the flexor 
extensor and adductor muscle groups in above knee amputations, are 
sutured under tension to the bone near its terminal end. This retention of the 
musculature, in its functional position and being subject to voluntary con
trol, avoids excessive stump shrinkage, and decreases stump and phantom 
pain. It also provides an improved circulatory status of the stump with a 
proprioceptive feedback sensation due to a more intimate prosthetic fit. 
Tension myodesis results in a cylindrically shaped stump capable of con
tracting powerfully during gait, resulting in a more stable relationship be
tween prosthesis and amputee stump. 

Contraindictions for tension myodesis are few, but it should be noted 
that in a severe vascular involvement, the additional trauma of the technic 
might jeopardize the success of the amputation. However, it is still ad
vantageous to use the benefits of the immediate post-surgical prosthesis 
even if conventional surgical procedure is selected. 
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The wound is closed with interrupted sutures without excessive tension 
to the skin. A Penrose or suction drain is used in all cases to avoid the 
possibility of hematoma. The wound and sutures are then covered with a 
nonadherent Owens gauze dressing. Lambs wool or fully fluffed gauze is 
placed over the distal stump end and a special three ply Orion/Lycra stump 
stocking of a corresponding size is gently rolled over the entire dressing 
and held in place with firm proximal pull to provide even, firm, but gentle 
pressure over the entire distal aspect of the stump and amputation site. 
The stump is now ready for the application of the cast-socket. 

THE CAST-SOCKET 

It is of utmost importance that the stump sock is suspended throughout 
the entire casting procedure to achieve adequate, continuous pressure rela
tionships between the wound and the post-operative dressing. Felt strips 1 1/2" 

wide, 3/8" thick, skived and beveled, are placed along both sides of the 
tibial crest and with the medial felt strip extending posteriorly to fit into 
the flare of the medial tibial condyle. An additional skived felt piece cor
responding to the shape of the patella is fashioned, and all pieces glued in 
place with Dow Corning adhesive spray. The stump, held in 10° of flexion, 
is now wrapped beginning distally with firm controlled pressure and wrap
ping proximally to midthigh with decreasing tension to avoid proximal 
restriction. Elastic plaster of Paris is recommended because of its inherent 
quality to control desired tension, and its ability to conform to stump 
contours without tugging. Because of structural weakness, the elastic plaster 
must be reinforced with conventional plaster of Paris incorporating a 1 1/2" 
safety buckle proximally to be used to suspend the cast-socket to the waist 
belt. Before the plaster wrap has hardened it is compressed slightly with 
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both hands proximal to the femoral condyles to provide additional cast 
suspension. A waist belt is applied to the patient and connected to the 
safety buckle on the cast. The prosthetic unit to be used is aligned in neutral 
position on the cast and attached with an additional roll of plaster of Parts, 
To allow for dynamic alignment changes, the unit selected should be ad
justable in all planes. Next, the pylon is cut to the corresponding length 
of the sound extremity, the fool is attached, and the entire completed unit 
disconnected from the attachment plate. At this lime the felt piece placed 
over the patella is cut out of the cast-socket and removed. This insures 
against possible abrasions and aids in determining if excessive piston action 
occurs during gait as a result of a loose cast. 

In Syme and forefoot amputations, the knee joint is not included in 
the cast. 

Due to the anatomical circumstances, of course, no felt reliefs are re
quired in knee disarticulations and above knee casting procedures. However, 
after the initial wrap is completed, with the plaster of Paris still wet, the 
PRS developed casting fixture is applied to the stump to give the plaster 
socket a quadrilateral shape. Again, extreme care must be exercised to avoid 
proximal restriction. Since the previously used hip spica for cast suspen
sion showed definite disadvantages, a suspension method was developed which 
allows the patient relative freedom of movement with increased comfort. The 
suspension consists of a 5" wide webbing belt with a felt apron, and is 
attached to the socket by means of Bowden cables traveling through a 
housing incorporated into the cast. This arrangement suspends the cast-
socket equally well regardless if the patient is supine or in a sitting position. 
The above knee unit for immediate post-surgical prostheses should in
corporate the same features as the below knee and in addition include a 
manual knee locking mechanism with an adjustable friction device. 
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POST-SURGICAL AMBULATION AND MANAGEMENT 

Circumstances and general physical condition permitting, it is standard 
practice to have the patient stand for a short period of time the day follow
ing surgery. At this time any necessary alignment changes will be corrected 
and attended to by the prosthetist. It is not unusual for the patient to ex
perience relative freedom from pain, requiring little more than a mild medi
cation for relief. The standing activity is attended and supervised by the 
physical therapist who will be in charge of the patient's post-operative course 
under the supervision of the attending surgeon. Progressively increasing 
weight bearing activities are continued twice daily for the next two or three 
days depending on the patient's motivation and general physical condition. 

On the second post-operative day the drain is removed by cutting a 
window into the cast. The window is repacked with sterile fluff gauze and 
wrapped in place with a few layers of plaster of Paris. 

Ambulation is initiated and increased progressively twice daily de
pending again on the patient's tolerance and motivation. However, actual 
weight applied at this time should not exceed 30 pounds. Because the technic 
and post-operative management usually provide a remarkable degree of 
post-surgical comfort, it is sometimes difficult to Limit ambulation activities 
in patients, particularly in children. It is therefore extremely important that 
ambulation be supervised by a qualified physical therapist and practiced in 
accordance with pre-established instructions. The patient should ambulate 
between parallel bars with a gradual increase in duration and weight ap
plied. Prosthetic alignment must be checked frequently and corrected if 
necessary in accordance with accepted biomechanical principles. Improper 
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alignment will result in poor and painful gait and cause eventual damage 
to the tissues. 

Unless clinical findings dictate otherwise, the initial cast change is 
usually between 10 to 14 days depending on the patient's age and general 
disability. In most instances, the sutures are removed at this time and the 
stump is recast in the same manner as previously. The day following the 
initial cast change, progressive ambulation activities are continued with the 
prosthetist present to reestablish dynamic alignment of the prosthesis. The 
patient can now proceed to crutch walking. However, at no time should the 
patient be allowed to ambulate without the prosthetic extension in place. 
The danger of the cast sliding distally will destroy the effectiveness of the 
entire concept of proper continuous pressure relationships, edema will de
velop, blistering can occur and with it. loss of the value of the entire technic. 

The second cast-socket is generally left in place for an additional week 
to ten days. In most instances it is then possible to take the cast and measure
ments for the definitive prosthesis. The stump is rewrapped in a short re
movable plaster cast allowing knee motion and is to be worn whenever the 
definitive prosthesis is removed. This procedure will control possible stump 
changes until full stump maturation is achieved. It also guards against 
improper use of tensor bandages or stump shrinkers. (Fig. No. 8 Rigid 
stump protector) 

It is absolutely necessary to fit and deliver the definitive prosthesis 
to the patient within a few days after the final cast change so as not to 
interrupt his ambulation, and to quickly complete his full rehabilitation cycle. 

SUMMARY AND CONCLUSIONS 

Immediate post-surgical prosthetic fitting of lower extremity amputees 
provides many definite improvements and benefits over conventional am
putation surgery and management. With the ever increasing number of am
putees, many can partake in the advantages the technic provides, with 
minimal disability time and financial hardship to the individual. The method 
can he adopted and used successfully at any modern medical center, pro
viding meticulous attention is given to the details in the application of the 
technic. A thorough understanding of each team member, the surgeon, 



prosthetist, and physical therapist, as to what is to be accomplished is of 
essence, but should provide final, gratifying results inherent in this method. 

In closing, a word of caution: While the technic in its present stage 
as outlined above, is mature and sufficiently standardized to be used suc
cessfully by others, no attempt is made here to teach it or encourage its use. 
This is a report only on the current technic of immediate post-surgical pros
thetic fitting and should be considered as such. 

For clarification, the technic described here represents the current 
practices of the research team of the Prosthetics Research Study in Seattle, 
Washington, Ernest M. Burgess, M.D., Principal Investigator. 

The work is conducted under Veterans Administration Contract No. 
V5261P-396. 

Upper Extremity Orthotics: 
A Project Report + 

by THORKILD J. ENGEN, C.O.*, LOUIS F. OTTNAT, C.O.** 

Houston, Texas 

The Department of Orthotics of the Texas Institute for Rehabilitation 
and Research ( T I R R ) , in affiliation with the Baylor University College of 
Medicine, has conducted a clinical research program over the past four years 
to develop upper extremity orthotic systems that meet the complex require
ments of simplicity, functional efficiency, and cosmetic acceptability. Existing 
components have been modified or redesigned and new components have 
been created in the process of developing individualized systems to meet a 
variety of patient needs. This paper will summarize improvements and in
novations that have come about during the project period. 

Engen Plastic Hand Orthosis 

A promising achievement has been the development of a systematic 
method of hand splinting. A plastic hand orthosis, first described in 1959, 1 

has been further developed and clinically evaluated during the project. It is 
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Center is supported by PHS Grant FR00-129 and Grant RT4 from V.R.A. 

* Project Director; Director of Department of Orthotics, Texas Institute for Re
habilitation and Research; Assistant Professor, Department of Rehabilitation, Baylor 
University College of Medicine. 

** Research Assistant and Orthotic Shop Supervisor, Texas Institute for Rehabili
tation and Research. 



FIGURE 1 

designed to serve as a standardized, mass-produced base unit that can be 
individually adapted. Various components can be added to meet the indivi
dual patient's requirements. 

The present design of the plastic hand orthosis evolved from cineradio-graphic analysis2 of normal hands in motion holding common objects (e.g., 
writing with a pencil (Fig. 1 ) , self-feeding with an eating utensil, manip
ulating papers, pliers, and scissors, and using larger objects such as a 
drinking glass). This analysis provided a clearer understanding of the 
integrated musculoskeletal functions as they relate to normal activities and 
served to indicate where support could be given with the least hindrance 
to normal functional patterns. 

With knowledge gained from the cineradiographic study, a standardized 
module was developed to serve as a foundation for various orthotic systems 
(Fig. 2 f [ l ] ) . Made of laminated polyester resins, this orthosis provides 
basic support to the metacarpal arch and the opponens muscle group, yet 
it allows passive digital mobility. The composition of the plastic permits 
the unit to be heat-reshaped to conform to the contour of the patient's hand. 
The orthosis is made in four sizes from master molds for both right and 
left hands. 

Improvements have been made recently in the manufacture of the or
thosis. A modified casting technique yields an extremely smooth inner and 
outer surface, eliminating the need for spray-paint finishing. Reinforcing 
pieces, made of fiberglass instead of Monel as formerly used, are laminated 
with epoxy resin into the radial side of the hand orthosis to assure structural 
stability and good joint surfaces. 

Clinical experience verifies that the plastic hand orthosis is a practical 
way of meeting the patient's needs with minimum equipment. It can be 
adapted for the prevention or correction of deformities and can be in
corporated into systems which utilize dynamic or external power (Fig. 2 ) . 
The use of the prefabricated orthosis has greatly simplified individual fitting 
procedures. Although many problems were encountered in the early phase 
of its development, the practicality and soundness of the concept of using 
a prefabricated hand orthosis has been demonstrated in approximately 500 
clinical applications. 
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Illustrative Uses of the Plastic Hand Orthosis 

Muscle imbalance due to neuromuscular disorders often results in malpositioning of the thumb and hyperextension of the metacarpophalangeal 
joints. Correction of this deformity may require permanent orthotic assist
ance, although temporary therapeutic or functional assistance during re
training is often adequate. By a simple trimming procedure, the plastic 
orthosis can be adapted into a short opponens and metacarpal support to 
realign the metacarpal arch and thumb opposition, thus preventing unde
sirable deformities and restoring useful function of the hand (Fig. 3 ) . 

Because of its form-fitting characteristics, the orthosis can be used for 
attachment of additional devices, such as a lumbrical support, or in conjunc
tion with dynamic finger-extension assistance (Fig. 4 ) . It can correct exist
ing problems while preventing others, a factor that is vital to the patient's 
total program. 

Figures 5 and 6 illustrate the plastic hand orthosis adapted to a 
patient presenting severe ulnar deviation of the metacarpalphalangeal joints 
due to rheumatoid arthritis. Passive volar and dorsal phalangeal support is 
incorporated for the purpose of correcting and preventing further deformity. 
The orthosis provides an excellent foundation for these corrective forces. 

Another example of the systematic use of the plastic hand orthosis is 
seen in the patient with peripheral nerve injuries such as radial palsy. Dur
ing the recovery and retraining period of such a patient, dynamic assistance 
is usually needed in thumb abduction, wrist extension, and the proximal 
volar phalangeal joints. This impairment may be either a temporary or a 
permanent condition, but in either case the type of device shown in Figure 
7 is extremely helpful in maintaining or recovering hand and forearm 
functions. 



F I G U R E 3 

When the problem is one of restoration of function, it is important as 
always to utilize the patient's residuals as much as possible. For example, 
the patient with active wrist extension but no finger movement can have 
hand functions restored by reciprocal wrist extension-finger flexion orthosis. 
The action of wrist extension is utilized to bring about finger flexion by a 
simple mechanical linkage. Again, the plastic hand orthosis forms an integral 
part of the system. 

The reciprocal unit has been improved as a result of knowledge and 
experience gained in the present research project. The functional limitations 
of the original orthosis were a confined range of motion within a fixed 
structural alignment of the hand in relation to the forearm. The cineradio-graphic analysis mentioned above served to emphasize the importance of 
the hand-to-forearm relationship in functional activities and resulted in the 
design of an adjustable telescopic rod which was developed in 1963 and 
described in 1964. 3 This orthosis gives the patient prepositioning ability 
and permits finely adjusted finger prehension so that a wide range of activi
ties can be performed from holding a cup to picking up paper ( Figs. 8 - 9 ) . 
The adjustable telescopic unit is activated by the patient's opposite hand or 
by pressing the activating button against a stable object such as a lapboard. 
This releases the telescopic rod and enables new positioning of the hand. 
Release of pressure locks the rod in the new position. Approximately 375 
adaptations of this orthosis have been applied and clinically evaluated. At 
ties can be performed from holding a cup to picking up paper ( Figs. 8 - 9 ) . 
TIRR. the patient who is a candidate receives his finger prehension orthosis 
as early as possible, even while in bed or in a reclined position. This has 
proved to be of great psychological value by permitting the patient to be 
engaged in purposeful activities during some part of the day. 

Patients can be divided into three categories which typify the objectives 
of application of the reciprocating finger flexion orthosis. In the first group, 
the orthosis is applied in an early stage of convalescent care, and the 
patients gain enough residua] movement so that eventually the orthosis is 
not needed. The second category use the orthosis for therapeutic value and 



F I G U R E 4 

F I G U R E 5 

F I G U R E 6 



F I G U R E 7 

F I G U R E 8 

F I G U R E 9 



F I G U R E 10 F I G U R E 11 

find that while they have enough residual function to carry out gross activi
ties, they depend upon the orthosis for writing and manipulating small objects. 
The third group of patients, which constitute the majority, remain totally 
dependent upon the orthosis for all functional activities ( Fig. 10) . 

In all the applications it is imperative that the patient be thoroughly 
trained in the practical use and limitations of the equipment. This essential 
phase of the rehabilitation program is carried out at this institution through 
close collaboration of the Orthotics Department with Physical Therapy and 
Occupational Therapy. 

External Powered Orthotics 

Many patients survive with severe functional deficit of the upper ex
tremities as a result of trauma in the cervical region of the spinal cord, 
polio, or other pathological reasons. The only practical method of dealing 
with the functional problem in these cases is by the use of external power. 
Several extremely promising and significant programs in the development 
of externally powered systems are being conducted, nationally and inter
nationally, in the fields of both orthotics and p ros the t i c s . 4 , 5 , 6 , 7 , 8 , 9 , 11 , 1 2 The 
project discussed here has dealt exclusively with the development of orthotic 
systems employing pneumatic power. 

Patients with spinal cord severance at the C-5. 6 level maintain almost 
normal movement in the shoulder and upper arm but have a chronic func
tional deficit of the hand and wrist. An externally powered finger prehension 
orthosis with wrist friction joint has proved beneficial in restoring function 
to this group of patients. The major components of the system (Fig. 11) 
consist of the power actuator in the form of the McKibben Muscle Sub
stitute.10 compressed carbon dioxide as a source of energy, and a specially 
designed control valve for activation.4 The activating mechanism is a simple 
mechanical valve consisting of a spring-loaded arm which occludes a small 
silastic lube to slop or permit the flow of gas under pressure. The control 
is located wherever the patient can operate it with the least conscious effort. 
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This system permits the patient to obtain smooth, gradual, and finely 
controlled movements of the powered functions that approximate normal 
motion. Four years of experience with this system has given convincing 
evidence that it provides the patient with substantial and reliable functional 
gain with minimal mechanical complexity, an important factor in meeting 
the requirements of cosmesis and acceptability by the patient. 

The standardized plastic hand orthosis is routinely used as a Founda
tion for this finger prehension device. Versatility is increased by incor
porating a friction joint at the wrist, permitting the patient to pre-position 
his hand voluntarily. The power actuator is located on the radial side and 
is attached by a cable to the distal end of the spring-loaded finger unit 
(Fig. 1 2 ) . Upon contraction of the power actuator, the index and second 
fingers are moved toward the opposed stabilized thumb, resulting in a chuck-
type prehension. This externally powered prehension orthosis has been 
adapted to 40 patients (Fig. 1 3 ) . The unit is generally applied to the domi
nant extremity, though some have been used bilaterally. 

An externally powered arm orthosis has been developed for patients who 
have lost all function in the upper extremities except the motion of raising 
and lowering the shoulder girdle. This situation occurs in patients with 
spinal cord lesions at the C-4, 5 level. Again, the patient's musculoskelatal 
structure is utilized as the biomechanical part of the device. Two power ac
tuators are used in this system, one to flex and supinate the forearm and 
another to abduct the extremity. These are activated by the patient separately 
or in combination, depending on the movement he wishes to perform. The 
abduction unit utilizes the vector parallelogram principle, permitting horizon
tal movements independent of the powered elevation movement. A coil spring 
which minimizes the gravity forces imposed by the extremity is incorporated 
into the system to assist the power actuator in attaining maximum efficiency. 
The elbow flexion unit is linked to the abductor by a swivel arm. The proxi
mal end of the power actuator is located slightly above the fulcrum of the 
elbow joint, and the distal end is attached near the radial side of the orthosis. 
When contracted, the orthosis produces the combined motion of elbow flexion 
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and supination (Fig. 14 ) . Twelve arm units have been adapted and are 
being evaluated. 

Patients will usually respond favorably to treatment programs while 
hospitalized, using their devices under supervision. It was desirable, however, 
to ascertain whether the equipment was being used as intended in their home 
environment. Questionnaires were therefore devised requesting information 
from patients at home regarding the powered equipment. Questions concerned 
functional use and acceptance of the system, problems encountered with the 
unit, and suggestions for improving the orthosis in design or usefulness. 
The questionnaires were mailed to 30 patients, and the replies strongly indi
cate the soundness of the external power concept. 

Reported activities employing the orthosis include self-feeding, personal 
hygiene (brushing teeth, washing face, shaving, applying make-up. combing 
hair), and avocational activities such as playing cards, checkers, or dominoes, 
typing with electric or manual typewriter, turning pages, writing with ball 
point pen or pencil, and handling a telephone. Four patients are employed. 
Their occupations include account executive, computer programmer, office 
assistant, and housewife. Six others are attending school. Two of these 
are in high school and the rest are in college studying art, computer science, 
civil engineering, and electrical engineering. 

The average length of wearing time at home is approximately five hours 
a day. Suggestions for improvement made by questionnaire respondents 
reflect individual needs and desires, since the goals the patient wants to 
accomplish determine the aid he expects from the unit. For example, one 
patient suggested that the lapboard be designed more individually to meet 
work requirements by adding a small drawer for utensils and other articles. 
It was gratifying to note that no one mentioned problems with discomfort 
or skin breakdowns. 

Just a few years ago, restoration of worthwhile function to individuals 
with severe upper extremity impairment was mere wishful thinking. Today, 
although further research is needed to improve them, powered systems have 
already proved to be of great usefulness. External power has enabled the 
majority of quadriplegics seen in this project to at least perform activities 
of living from a wheel chair level. Many of them can perform avocational 
activities and some have become gainfully employed. 

We have reached a plateau with our adaptations where numerous func
tions can be restored by these devices; but in order to establish a foundation 
for further progress, more knowledge is needed of joint relationships that 
occur in musculoskeletal action during normal upper extremity movements. 
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It is questioned whether our present designs incorporate sufficient degrees 
of mechanical range of motion and whether these motions are as well coor
dinated as in normal movements. Furthermore, lack of knowledge concerning 
head and upper torso involvement in these normal movements may result in 
the supplantation rather than maximum use of residual body functions. Atten
tion to these issues will facilitate continued progress in the fields of or
thotics and prosthetics. 

Kinematic Studies 

To investigate the aforementioned issues, the Department of Orthotics 
at TIRR is conducting studies of velocity and acceleration of the biomechanical functions of the upper extremities while purposeful daily activities are 
being performed. The objective is to study the functional coordination be
tween the eye and the hand to obtain a better understanding of the require
ments of orthotic components for maximum integration with residual body 
function. 

In collaboration with the Bio-Engineering Laboratory of the Veterans 
Administration in New York, nine normal subjects have been photographed 
performing the five basic motions of table-to-mouth feeding, hair grooming, 
page turning, writing, and diagonal reaching from a sitting position. These 
activities involve three of the most important levels of hand movement: table, 
mid-torso, and head. To obtain a fairly representative sample of human 
physiology, subjects ranging from slightly obese to tall, thin individuals were 
used in the study. To determine whether the equipment hinders normal upper 
extremity movement, two identical sequences were taken of each subject, 
first without orthotic equipment and then with the arm orthosis without 
external power. 



A 35 mm. movie camera was placed 20 feet from the subject. The 
addition of two mirrors positioned at 45-degree angles to the subject, one 
above the head and one at the side, made it possible to obtain three visual 
perspectives simultaneously: front, side, and top. Time clocks calibrated to 
one second and one hundredth of a second provided references for determin
ing the velocity and acceleration of each motion. A black felt pen was used 
to identify the landmarks on the subject at the metacarpophalangeal joints, 
the styloid processes, the lateral epicondyle of the elbow, and shoulder 
joint (Fig. 1 5 ) . 

In analyzing the volume of film data, a special mirror arrangement and 
a standard film strip projector are used to project the three perspectives of 
the subject onto a glass screen covered with translucent acetate for plotting 
( Fig. 16). As the film is advanced frame by frame, the selected landmarks in 
each view are identified in black on the acetate. Once the action is completed, 
the plotted points are connected with lines to delineate the pattern of move
ments and the related angulation and acceleration between successive points. 

The analysis utilizes only those motions whose points of reference are 
clearly visible in each view from beginning to end of the sequence. Figures 17 
and 17a show the beginning and ending views of the diagonal reaching 
activity. The head movement is visible throughout the sequence, as are 
shoulder flexion and adduction and elbow extension. The plotted diagram, 
superimposed on both the beginning and ending view, graphically illustrates 
the sequential pattern of biomechanical activity. One notes the correspond
ence of acceleration and terminal deceleration between the head and fore
arm. The forearm accelerates rapidly in the beginning of the action and slows 
as it reaches the terminal point. The head moves similarly, while the hand 
remains in a neutral position throughout the activity. As the detailed 
analysis of these diagrams continues, measurements will be taken of the 
degree of angulation of the lines at each point of reference separated by 
equal time intervals but varying distances. 

Another function being studied is hair grooming. This activity was 
separated into two phases, phase one showing the activity being performed 
on the right side of the head and phase two showing the subject grooming 
the left side. The beginning and ending motions of phase two are shown in 
Figures 18 and 18a with the interim movement pattern superimposed. In 
the begining motion, the hand is in the middle of the forehead; the shoulder 
is adducted horizontally, flexed and elevated: the forearm is slightly supinated; and the head is turned slightly to the right. It is evident that most 
of the activity occurs in the shoulder joint, but significant participation of 
the head and upper torso is also readily apparent, indicating the important 
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correlation of these functions. The head and torso movements are often 
overlooked as a part of the total pattern in this activity. 

One of the functions most important to the severely impaired individual 
is self-feeding. This action is a combination of more synchronized joint 
motions than any other activity being studied. Head movement, abduction 
and elevation, internal rotation, and shoulder flexion are combined with 
elbow flexion, humeral rotation, and supination of the hand in this action. 
Figure 19 shows complete diagrams for two subjects performing self-feeding, 
the diagram for one subject superimposed adjacent to that of the other. Com
parison of the two diagrams shows that the pattern of sequential movements 
is nearly identical in acceleration, velocity, and angulation. The only 
difference is in size of the diagrams, a factor determined by differences in 
the subjects' physical stature. 

Analysis of the film data on three of the nine subjects has been com
pleted. Analysis of the remaining data should establish a reasonably stable 
mean for each of the five patterns of movement. The same procedure will 
be followed in filming patients using powered assistance, and the diagrams 
thus obtained will serve as the basis for comparative analysis. Although 
this motion analysis is still in the preliminary stage, the evidence indicates 
that it will broaden our understanding of the biomechanical relationship 
between joints as purposeful activities are performed. It should identify 
the mechanical changes and design revisions needed to improve the overall 
function of the more sophisticated orthotic and prosthetic systems. 

Adjunctive Developments 

The plastic hand orthosis and its application in various upper extremity 
systems was selected by the National Research Council of the National 
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Academy of Science for inclusion in its field evaluation of research develop
ments in orthotics and prosthetics. An orthotics course was held at TIRR 
in the Department of Orthotics in December, 1966. Four clinic teams of 
physicians and orthotists, selected by NRC, were given orientation to the 
clinical use of the plastic hand orthosis ( Fig. 2 0 ) . Detailed instruction was 
given in the fitting techniques for three devices in which the plastic orthosis 
is used: the short opponens, the long opponens, and the reciprocal wrist 
extension-finger flexion orthosis. These clinic teams were provided with a 
written project evaluation plan and components of orthotic systems to be 
applied and evaluated in their own institutions. At this writing the evalua
tion is still in process. 

In August, 1965, a preliminary draft of an instruction manual was pre
pared which gave detailed instructions for utilizing and fitting the plastic 
hand orthosis and necessary components for a reciprocal wrist extension-finger flexion unit. This manual is now being revised because of recent equip
ment modifications and in the light of experience gained during the instruction 
course for the four clinic teams. This revision will involve expansion of the 
systematic approach to include application of the plastic hand orthosis as a 
foundation for numerous other orthotic systems. In addition, illustrations will 
be greatly improved through use of line drawings (Fig. 2 1 ) . 
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Braces and splints that apply supporting and corrective forces to the 
human body have traditionally been covered with various types of leather. 
At present, however, good leather hides are becoming very expensive and 
difficult to obtain. The problems involved in using leather have motivated 
research in the use of plastic materials and new covering processes to replace 
leather coverings. Ten years ago a polyvinylchloride-based material called 
plastisol was introduced as a covering material for hand splints. Since then 
this process has been used both experimentally and clinically at the Univer
sity of Michigan Medical Center. 

The effectiveness of a plastisol covering on hand splints led us to in
vestigate the use of this material on other items such as back braces and 
leg-brace bands. Our first coating formulation was limited in application 
because of its high coefficient of friction and uncontrollable density, and 
the fact that no well-defined criteria for the coating process had been estab
lished. However, there remained the desirability of a smooth, encapsulating 
covering that could be applied simply by dipping the heated brace in the 
liquid material. Therefore a study was undertaken to characterize plastisol 
in detail and to perfect the dipping process. The resulting procedure is being 
effectively used on back braces, leg bands, pelvic bands, mouth sticks, hand 
splints, and brace straps. Clinical applications over the past five years tend to 
confirm the usefulness, acceptability, and advantages of this plastic covering. 

I. PLASTISOL MATERIAL DESCRIPTION 

A. Chemical Composition and the Fusion Process 

Plastisol consists of a dispersion of fine vinyl resin particles in a plaslicizing oil. Vinyl dispersion describes the nature of the material and the 
process by which the liquid plastisol is made. The resin particles absorb some 
of the plasticizer at room temperature and are held in suspension. When the 
resin is heated, the absorbing action is rapidly increased. Plasticizers remain 
in the plastisol material after fusion and import a flexible nature to the 
material. 

These vinyl dispersions have additives such as light and heat stabilizers, 
pigments if color is desired, fillers, and other modifiers. Since plastisols have 
no solvent or water to evaporate, they are relatively simple to use and do not 

* This is a summary of Technical Report No. 8, Orthetics Research Project, The 
University of Michigan Medical School, Department of Physical Medicine and Rehabili
tation. ORA Project 07915. Grant No. RD-1527-M-66-C2, Vocational Rehabilitation Ad
ministration, Department of Health, Education and Welfare, Washington, D.C., and 
supported in part by KENNY-Michigan Rehabilitation Foundation. 



require elaborate venting of the curing oven. The plastisol formulations are 
stable for long periods at room temperature. Cans of liquid plastisol will not 
dry out or "skin over" during long periods of storage, even if left uncovered. 

Dipping, i.e., immersion of an object in the liquid, is one of the oldest 
production methods used with vinyl dispersions. Dipping is divided into two 
types: hot dip and cold dip. Hot dipping is usually the simpler of the two 
methods and has been used in this study. Cold dips are generally used for 
objects such as wire baskets which will not hold as much heat as is required 
in the hot dip method. A special formulation is required if the material is 
to be cold dipped. 

In hot dipping, heat transfer from the heated metal piece to the room 
temperature liquid causes the formation of a gel coat on the metal part. The 
thickness of the gel coat depends on the amount of heat transfer. The gel coat 
thickness can thus be controlled by the thickness and temperature of the object 
being coated. This gel coat has little or no mechanical strength because it 
is formed by swelling of the resin particles by absorption of the surrounding 
plasticizer. The swollen resin particles are then held together by physical 
contact only. Because the resin particles are not fused together, the gel coat 
is weak and crumbly, much like a piece of cheese. When the coated part is 
placed in the curing oven, however, the particles of resin fuse into a tough 
thermoplastic material, with the plasticizer acting as a lubricant between the 
vinyl molecules. The relative amount of plasticizer in the composition deter
mines the flexibility of the product. Insufficient curing time or temperature 
will not fuse all the resin particles, leaving part of the plastisol in the crum
bly gelled state. Over-curing due to excessive temperature or prolonged cur
ing times causes a partial degradation of the material and alters its appear
ance and physical properties. 

B. Physical Properties of Plastisol 

Because the strength of the foamed plastisol is much lower than the 
regular plastisol, care should be taken to use this material only when a 
compressive force situation exists. The foamed material is not suitable for 
a tensile or shear force situation. 

Cost and weight are two additional factors affecting the practicality 
of plastisol as a brace covering. Several brace parts were covered with 
leather or plastisol and the part weights compared. A band from a leg brace 
required 40 grams of regular plastisol to give the same covered size as 25 
grams of sewn leather and felt. Thus, a plastisol covered brace is heavier 
than a leather covered brace if the covering volumes are equal since regular 
plastisol is more dense than leather. A brace properly covered with plastisol, 
however, will have less volume of covering than a leather covered brace. The 
plastisol need not extend to 1/4" to 1/2" beyond the load bearing metal frame
work to allow for stitching as does leather. A narrower band may be used 
with plastisol because of the excellent surface continuity compared with the 
rough broken surface produced by stitching of the leather covering. There
fore, a plastisol covered brace can be equal in weight or only slightly heavier 
than a similar leather covered brace. 

The cost of plastisol is approximately $10.00 per gallon or $1.00 per 
pound. The material cost for the leg band previously mentioned is thus less 
than 10 cents, only a fraction of the cost of leather covering. The time 
required for applying the plastisol to a single band is similar to that re
quired for sewing of a leather covering. Plastisol's labor saving advantage 
becomes highly significant when an assembled brace is coated. It requires 
no more time to heat, dip and cure a complete brace than a single part. The 



leather covering time, however, increases in proportion to the area covered. 
Plastisol covering thus offers an economic advantage from both the material 
cost and labor cost aspects. In addition, plastisol offers longer life which 
reduces replacement costs. 

C. Toxicity* 

Certain materials when placed in contact with the skin may produce a 
reaction, either through the mechanical action of the two surfaces rubbing 
together, or by chemical reaction between the substance and the skin. A 
"patch test" was used to check for reactions souch as redness, irritation, 
inflamation, or eruption. Samples of plastisol and horsehide were placed 
on 53 subjects, 28 in the lumbar area of the back over the erector spinae 
muscle, 3 in the upper back between the scapulae, and 22 in the shoulder 
region over the deltoid muscle. 

After 47 to 50 hours the patches were removed and the skin examined 
for evidence of irritation. Of the 53 subjects, three showed a reaction. One 
subject developed erythema under the leather patch, the plastisol patch, and 
the tape which held the patches in place. The erythema in each of these 
areas lasted 4 to 6 hours. Another subject developed mild erythema local
ized to the area under the plastisol patch. In this case the redness disap
peared in a few hours. Erythema developed under the leather patch in the 
third subject. Twenty-four hours later this reaction cleared up. 

None of the plastisol patches discolored from the test, but in many 
instances the skin under plastisol was found to be moist. This is attributed 
to the nonporous and nonabsorbent nature of the plastisol. The leather, 
however, absorbed perspiration and became moist or saturated and dis
colored. 

Forty-eight hours after the patches were removed the subjects were 
again examined and did not show any new signs of positive reaction or any 
residual signs of reactions. The major significance of this test is that it 
shows plastisol to be less affected by body contact and that plastisol patches 
produce no more skin reaction than did leather patches. 

II. DETAILS OF THE BASIC COATING PROCESS 

Essentially, the coating process involves the transfer of heat from the 
metal to the liquid plastisol, which forms a gel on the metal surface. This 
very weak, soft material then must be cured in a hot oven to fuse the resin 
particles in the liquid dispersion to form a tough coating on the metal part. 

The six steps involved in coating a metal part are: (1 ) metal prepara
tion, (2 ) preheating of metal. (3 ) dipping, (4) surface sealing, (5) curing, 
and (6) cooling and finishing. Proper control of each step is important in 
obtaining optimum results. Useful variations in results can be achieved by 
controlled alterations in the basic steps. 

A. The Six Basic Steps in Plastisol Coating 

1. Metal Preparation 

Durability and appearance of the final coated product depend to a 
considerable degree on the care taken in preparing the metal part. Sharp 
metal edges give an internal cutting effect which causes a breakdown in the 

* The authors are indebted to Michael Schermer, a University of Michigan medical 
student in the Class of 1969, for his assistance in conducting tests on toxicity and co
efficient of friction. 
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coating from forces applied over the sharp edge; also the coating is thinner 
at sharp edges. Plastisol coating should not be used to cover poor metal-
work. Well-rounded edges on the metal parts are easily produced by a fine 
belt sander, Figure 5, or filing or grinding. Contours and curves should be 
smooth and flowing to avoid abrupt changes in cross-section or configuration. 

2. Preheating 

Since gelling of the liquid plastisol on the metal part is caused by heat 
transfer, it is necessary to preheat the part to be covered, Figure 6. The 
thickness of the coating depends on the amount of heat transferred. The 
heat transfer rate in turn depends on the temperature of the metal part, its 
specific heat and conductivity, and the mass of the part compared to its 
surface area. Thus, the coating thickness is governed by the thickness of 
the part as well as the temperature to which it is preheated, Chart 1. Pre
heating is usually done in an oven at 190° to 220°C for five to fifteen 
minutes depending on the coating thickness and thickness variation desired. 

Considerable time is required to heat a cold metal part to the desired 
dipping temperature even in a hot oven, and the thicker the part, the more 
time required. Chart 1 shows results of a thermocouple test in which 
various thicknesses of aluminum were placed in an oven at 195°C. It is 
desirable to use the same oven temperature for the preheat step as for the 
curing step so that the oven does not have to be adjusted between steps. 
A single setting is advantageous too, in that it allows preheating and curing 
of several pieces simultaneously. 

3. Dipping 

The preheated metal part is removed from the oven with appropriate 
tools such a pliers or hooks and immediately dipped into the liquid plastisol. 
Figure 7. Gelling of the plastisol on the part continues as long as sufficient 
heat transfer takes place between the object and the surrounding liquid, thus 
the amount of heat transfer determines the thickness of the coating, Chart 1. 
The gelling process usually terminates in about two minutes if the parts are 
of moderate thickness. If the part is removed before gelling is complete, 
the coating will sag and gel further as the part is drained, creating an 
irregular surface. When the gelling process is terminated, in one to three 
minutes, the part should be slowly lifted from the plastisol bath and sus
pended for draining, Figure 8. Several minutes should be allowed for the 
liquid material to drain off. 

4. Surface Sealing 

Next the surface must be sealed (surface molecules gelled to prevent 
further sagging) by rotating the dipped part above a soft Bunsen burner 
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flame, Figure 9, or by rotating it between two infrared lamps, Figure 10. 
If the plastisol surface is not sealed, the coating will "melt" and drain 
away when the object is placed in the hot oven for curing. The dipping-and-sealing step is the most critical stage in the procedure, requiring con
siderable practice and skill. 

5. Curing 

In order to produce a tough, durable coating on a brace part, it is 
necessary to fuse the resin particles in what is called the curing step of 
the process. Since we are dealing with coating thicknesses of 1/16 to 1/4 
inch, considerable time is required for heat transfer from the curing oven 
to the inner part of the plastisol coating. This process depends on time 
and temperature, just as in roasting meat, which must reach a certain 
temperature at the center in order to be "done" to the desired degree. 
Chart 2a indicates the relationship between coating thickness, curing oven 
temperature, and curing time required to give the desired coating strength. 
Curing is best accomplished in oven temperatures ranging from 190° to 200°C 
for ten to twenty minutes, depending on the part and coating thickness. It 
should be noted that insufficient cure due to inadequate curing time or oven 
temperature results in a very weak coating. Since increased oven temperature 
reduces the time required for a complete cure, there is a tendency to increase 
the oven temperature beyond the recommended limit; however, while this may 
quickly cure the outer surface of the plastisol coating, the interior will be 
under-cured. Excessive oven temperatures may also cause discoloration of 
the surface before the inner part of the coating is completely cured. 

6. Cooling and Finishing 

After curing, the part is removed from the hot oven and either sus
pended for air-cooling or cooled in water. Because plastisol is a good 



insulator, the coated metal part may take several minutes to cool even in 
cold water. The plastisol coating does not reach its full strength and 
firmness until it is fully cooled. 

Following the cooling of the coated part, the plastisol material may 
be stripped from any portion of the brace which is to be left bare. Any 
hooks or supporting devices which were used during the curing process may 
now be removed and the plastisol trimmed to give a neat appearance. It has 
been found that a scalpel or heated knife is handy for trimming and removing 
surface imperfections. Light sanding with fine sandpaper is also good for 
removing surface imperfections. Roughened surfaces can be smoothed by 
application of heat, either a Bunsen burner or in the curing oven at a 
high temperature. Care must be exercised, however, to prevent breakdown of 
the plastisol by the high temperature. 

COATING PROCESS REVIEW 

1. Metal Preparation—Clean the surface and round all edges (polishing 
not necessary). 

2. Preheating of Metal—The metal parts must be given sufficient heat 
content to pick up the desired coating thickness. Preheating is 
usually done in an oven at 190° to 220°C for five to fifteen minutes 
depending on the coating thickness and thickness variation desired. 

3. Dipping—The preheated metal part is dipped into the liquid plasti
sol for several minutes until the heat has been dissipated and the 
desired coating thickness attained. The part is then slowly removed 
and the excess material allowed to drain off. 

4. Surface Sealing—Next the part is rotated above a soft Bunsen 
burner flame or between two infrared lights to seal the coating sur
face quickly. Sagging during the curing step is thus prevented. 

5. Curing—The dipped and sealed part is placed in the curing oven at 
temperature of 190° to 200° C for ten to twenty minutes depending 
on the part size and coating thickness. During this step the polyvinylchloride resin particles undergo fusion, to form the desired 
tough plastisol coating. 

6. Cooling and Finishing—After removing the part from the curing oven 
the handling hooks are removed and the coating is trimmed and sand
ed to obtain a neat appearance. The part is then ready for use. 

B. Plastisol Coating Equipment 

The requirements outlined here involve equipment that will be needed in 
addition to that normally found in a brace shop equipped with metal-brace 
fabricating tools. Application of the plastisol coating requires additional 
equipment for heating the metal parts, dipping them, and sealing and curing 
the plastisol coating. Small tools for handling the hot parts are normally a 
part of brace ship equipment. A timer is a refinement which makes control of 
the process easier; otherwise a wrist watch or clock may be used. 

Metal preheating and plastisol curing are best accomplished in a thermo
statically controlled gas or electric oven, Figure 11, which has some sort of 
forced circulation and a vent for the slight fumes produced during the final 
curing process. The thermostat should be able to control the oven temperature 
to within 5° of the desired set-point since a larger variation will reduce 
controllability and thus affect the quality of the finished parts. A glass 
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panel in the oven door is essential for observing progress of the curing; 
the onset of discoloration that warns of overcure can be quickly detected. The 
oven should have rods or a rack near the top of the interior chamber for 
hanging the parts to be heated or cured. 

Since the liquid plastisol does not evaporate or age appreciably under 
normal room conditions, it is not necessary to have an air-tight dipping con
tainer; however, the container should be covered when it is not in use, to 
prevent accumulation of dust or dirt particles on the plastisol surface. The 
can in which the material is purchased can be used as the dipping container, 
but a specially prepared tank or glass container may be more suitable in 
size and shape for the particular parts to be coated. 

A Bunsen burner, Figure 9, or two infrared lamps, Figure 10, are 
required for the sealing process after the part has been dipped. Two goose
neck desk lamps can be set so that the two infrared bulbs face each other 
several inches apart; the part to be sealed can be slowly rotated between these 
lamps. If a gas supply is available and the open flame of a Bunsen burner 
is permissible, sealing can be accomplished by slowly rotating the part to be 
sealed over the lop of the soft Bunsen burner flame. This method requires 
caution because the flame temperature is high enough to scorch the surface 
very quickly if the part is held in the flame. 

Small tool and equipment requirements consist of simply fabricated wire 
hooks for hanging the parts in the oven or cooling rack, and tools such as 
pliers or vice-grip pliers for handling the hot parts, a sharp knife or a 
scalpel, sandpaper for trimming and finishing the final plastisol coating, and 
several hanging racks located both over the dip tank and in some appropriate 
cooling area, Figure 12. 

III. EXTENDED APPLICATIONS 

Several modifications of the basic coating process will give useful 
coating property variations. For example, the plastisol material may be 
bonded to the brace by a primer material; a soft layer of foamed plastisol 
may be applied before the final tough coating; coating thickness can be varied 
from one point to another on a single part; and plastisol straps can be fabri
cated as an integral part of the brace coating or mechanically attached to 
the brace. 

A. Bonding the Coating by Means of Metal Primer 

It is often necessary to apply the plastisol coating over an adherent 
primer so there will be no relative motion between the coating and the brace 
and so no moisture or dirt can get under the edge of any coating terminations. 



We have found that plastisol coatings which did not adhere at points of 
maximum pressure, such as the edges of leg bands or upper thigh bands, 
were subject to internal failure by the cutting action of the metal edges, 
especially if these are sharp. Shifting of the plastisol coating also can be 
eliminated by causing the material to adhere to the brace part. A small 
amount of primer applied to the part where the coating is to terminate is 
very helpful in preventing foreign material from entering between the coat
ing and the metal part. 

Adhering of the plastosol coating to the metal can be obtained by dipping 
the part to be coated or by brushing small areas with a special primer 
furnished by the plastisol manufacturers. This primer should be applied be
fore the preheating of the metal part. The normal preheating step will then 
evaporate the primer solvent and cure the primer so that it forms a very 
strong bond between the metal part and the subsequent plastisol coat. It 
should be noted, however, that a primed metal part becomes very difficult 
to strip for recoating. Because of this, it is suggested that limited areas be 
primed and that no primer be put in cracks or crevices formed by joining 
of two metal parts. 

B. Foamed Plastisol Underlayer 

It is often necessary to provide a soft padding or a built-up section on 
a brace. This can be produced by covering part of a brace with a soft, thick 
plastisol material of lower density. The effect is easily accomplished by first 
covering the metal part with a modified plastisol which expands by chemical 
foaming action during the curing process. This technique has been used suc
cessfully to produce up to 100% expansion of this underlayer on the metal 
parts. 

The foamed underlayer of plastisol is obtained by dipping the pre
heated metal part first in the special foaming type plastisol and then pro
ceeding through the sealing step and part of the curing step, as with the 
regular material. However, it should be noted that the foamed underlayer 
should be cured for three minutes only, at which time it should be quickly 
removed from the oven and dipped into the regular plastisol to obtain the 
tough outer layer. This outer layer should then be sealed and cured accord
ing to the normal cycle, being particularly careful to avoid extended curing 
periods which might cause a sagging of this much thicker coating. A good 
oven is essential for this step. If the oven does not have adequate circulation 
arid becomes hotter at one point than another, the foaming action will be 
very uneven and the result will be unsatisfactory. It is usually desirable to 
apply a primer coat before preheating the metal part for the foamed under
layer. This foamed underlayer of plastisol has a much lower strength and 
thus should be used only when a cushion effect is desired under the tough 
regular plastisol coaling. 

C. Variable Coating Thickness on a Single Part 

It is possible to have thin and thick sections on a single brace part by 
properly controlling the temperature of the part before it is dipped. As 
described earlier, the hotter parts or hotter sections of a part will pick up 
a thicker gel coat during the dipping step. The metal with a uniform cross-section can be given the required temperature gradient by either cooling part 
of a normally preheated part with small sections of wet toweling, Figure 14, 
or local heating of the part by a concentrated heat source. For example, one 
band of a brace requiring a thicker coating can be heated in the Bunsen 
burner flame for a few seconds immediately before the dipping step, Figure 15. 
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Often a part to be coated must be given special preheating treatment in 
order to obtain a uniform coating thickness. An example of this requirement 
would be the coating of a leg brace which contains relatively thin bands 
attached to heavier cross-sectioned uprights. It is the natural tendency of 
a uniformly heated brace of this type to pick up a much heavier plastisol 
coating on the thicker cross-sectioned upright of the brace than on the thinner 
leg bands. Since it is usually preferable to have the reverse coating pro
portion, special treatment must be given to the brace during preheating to 
obtain the desired results. If the brace uprights are cooled with a wet towel, 
or the leg bands are heated for a few seconds in an open Bunsen burner flame, 
the coating thicknes on the bands can be equal to or thicker than the coating 
on the uprights. Another more subtle way of obtaining a similar temperature 
gradient can be accomplished by preheating the part for a shorter time at a 
higher temperature. Since thick parts heat more slowly, the preheat time 
and temperature can be adjusted to produce a much higher temperature in 
the thin band than in the thick upright, Chart 1. 

Controlling the depth of submergence of the part in the dipping tank can 
often be used to control the coating thickness if one end or extremity of the 
brace requires a thicker coating. If partial insertion of a part into the 
liquid plastisol is followed by a complete submergence after the part cools 
somewhat, a variation in coating thickness is easily obtained. By controlling 
the rate of submerging the part into the liquid plastisol, a gradual variation 
in coating thickness and, consequently, a neat appearance will result. Some 
experimentation and practice are required to become familiar with this 
method of controlled coating thickness. 

D. Plastisol Straps 

Leather straps have normally been attached to braces by riveting or 
sewing, causing discontinuity in the brace appearance. When using plastisol 
as a brace covering material, it is possible to make the straps a continuous 
part of the plastisol coating, Figure 16. This is accomplished by attaching a 
temporary piece of metal to the brace for the dipping process in such a way 
that a continuous coating is obtained on both the brace and the attached 
metal. When the piece of metal is removed, an integral strap of plastisol 
will remain attached to the brace and brace covering. A little careful trim
ming and sanding give the strap and coating a neat appearance, and little 
or no trace of the special process is evident. Strap thickness can be con
trolled by selection of the thickness of the preliminary metal strap. 

Another method of forming plastisol straps is to cut them from plastisol 
sheets which can be formed on metal plates. The sheets can be easily stripped 
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from the metal plates if no primer is used. The straps are then attached to 
the brace by normal procedures such as riveting and sewing. 

IV. PRELIMINARY CLINICAL EVALUATION 

During the past five years several hundred patients have been fitted with 
braces either totally or partially covered with a plastisol material. A large 
percentage of these patients have been enthusiastic about this new material: 
however, several common complaints were indicated by some of the patients 
when questioned about its acceptability. The complaints about the original 
plastisol were (1) high coefficient of friction. (2) hardness of the plastisol 
coating, and (3) failure of the plastisol coating due to splitting or crumbling. 

Analysis of these complaints led to changes in the plastisol formulation. 
One change reduces the coefficient of friction. Another change gives a 
softer material by causing a foaming action during the curing cycle. Third, 
a study of the complete coating process pointed out necessary procedure 
improvements to reduce the causes of coating failures. Most of the coating 
failures were due to improper curing and improper metal preparation. In 
response to these initial patient complaints, Barley-Earhart Corporation de
veloped the regular and foam type hot dip Plastisols BE 2-40 and BE 2-41. 
We then established the proper coating procedures for making full use of 
the properties of these new formulations. 

At least 40 patients have been fitted with hand splints or leg braces 
covered with the improved plastisol formulations. Of these patients only 14 
have been available for evaluation of this material, 9 of whom had previously 
worn leather covered braces. The format of the interview with the 14 pa
tients is as follows: 

A. Objective Information—Name; sex; age; height; weight; occupa
tion; number of hours spent on feet per week; disability; type of 
brace worn; when first received braces; kinds of coating materials 
previously used; and how often coatings had to be replaced. 

B. Evaluation (only for those who have worn both plastic and leather) — 
Which retains its original function longer; which is lighter; which 
has better original appearance; which maintains its appearance 
longer; which causes the least irritation; which is less sticky when 
not prespiring: which is less sticky when perspiring: which is easier 
to keep clean: which has the least tendency to pick up odor; which 
causes the most perspiring: and under what conditions do the braces 
irritate most. 

Of the 9 patients who have previously worn leather braces, 7 were very 
pleased with the plastisol, one was indifferent, and one definitely preferred 



leather. However, the patient who preferred leather showed a positive re
action to the plastisol in the patch test. On the other hand, one patient who 
had been reacting to his leather covered braces found no skin irritations from 
the plastisol. This patient also reacted to the leather in the patch test. All 
the patients indicated that the plastisol maintained its original appearance 
longer, was easier to keep clean, and had less tendency to pick up odor. 
The majority of the patients indicated that the plastisol had a better original 
appearance, was less sticky when perspiring, and was as light or lighter 
than the leather. Most of the patients indicated that the leather was less 
sticky when the skin was dry. All patients indicated that any brace causes 
irritation under hot and sweaty conditions, but the plastisol had less sticking 
effect. 

Because of the limited number of patients who have been interviewed 
concerning this new material, the results of this survey are inconclusive and 
serve only as a guide for planning future clinical evaluations which will be 
contained in the final report on this subject. 

V. SUMMARY AND CONCLUSIONS 

Basic and clinical studies of plastisol, carried out at The University 
of Michigan Medical Center during the past five years, indicate that this 
polyvinlchloride-based material is a satisfactory replacement for leather as 
a covering for braces and splints, Figure 17. Clinical applications have shown 
that patients enthusiastically approve this change in most instances. 

Plastisol-covered braces have the advantage of being nonabsorbent and 
nonreactive to body oils, waste, or detergent, Figure 18, 19. Although oc
casional erythema may develop from plastisol, as with leather, it will usually 
disappear shortly after the material is removed. Material tests show that the 
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thickness and density of the coating are easily controllable. In addition, 
plastisol requires no stitching. Clinical experience has shown the material 
to be cosmetically appealing to patients because of the pleasing color and 
neatness of the completely encapsulated brace sections. 

A simplified process for applying the plastisol coating to metal braces 
has been developed and standardized. Equipment requirements have been 
reduced to a few catalogue items easily chosen on the basis of size of the 
coated device; thus excellent results can be obtained even with a limited 
budget. Plastisol, then, offers lower initial cost, maintains its original ap
pearance, and functions much longer than leather. 

A disadvantage associated with a plastisol coated brace is that it does 
not "breathe," so that the skin it covers tends to become moist. On the other 
hand, this means that the plastisol coating will not absorb odor-causing 
perspiration, which is a significant problem with leather. Another disadvan
tage of plastisol is that a brace requiring a thick covering will be slightly 
heavier than the same brace covered with leather. 

This study has shown that optimum results can be obtained on a wide 
variety of braces through the controllability of the various steps in the 
coating process. This ease of control makes it possible to vary the coating 
thickness, softness, and density, even in the coating of a single part. 

On the basis of the lower cost of plastisol coating, the ease with which 
it is applied to assistive devices, and its ready acceptance by patients, this 
process is recommended for general use in rehabilitation centers elsewhere. 
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Prosthetic Consideration for the 
Lower Extremity Child Amputee 

by WILLIAM A. TOSBERG, C P . & 0 . 

Technical Director, Prosthetics Services 
Institute of Rehabilitation Medicine 

New York University Medical Center, New York, N.Y. 

It is essential that prosthetic prescriptions are based on the requirements 
of the individual patient. This is equally true in the adult as well as in the 
child amputee. These requirements take into account the emotional as well as 
their functional needs. In the child amputee one has to consider also the 
emotional needs of the parents. 

In prescription for a juvenile patient one has to distinguish between 
surgical amputation and the congenital absence of a limb. Amputations may 
be performed for accidents, disease, or for cosmetic purposes. Amputations 
for cosmetic reasons are generally not performed before the age of ado
lescence. 

Prosthetic replacements for traumatic amputations in children are very similar to those for adults in design as well as in material. One has to con
sider, however, that a child is very active, and therefore prostheses should 
be constructed of sufficient strength and of a design which requires only 
minimal maintenance. 

In a very young child, where no gait pattern is as yet established, it is 
advisable to provide a below-knee prosthesis with knee joints, side-bars, 
thigh lacer, hip joint, and sometimes even a pelvic belt. These additions may 
be removed as an acceptable gait pattern becomes established. 

In above-knee amputations, suction sockets may be prescribed if the 
stump is well healed and only minimal stump changes are expected. An 
auxiliary suspension, however, is indicated—either Silesian bell or hip joint 
and pelvic belt. For children a SACH foot is preferred because it is con
sidered to be stronger, water-proof, and requires less maintenance than an 
articulated foot. 

Amputation resulting from disease is most often the result of malignancy 
because peripheral vascular problems are relatively rare in childhood. It is 
advisable that children he fitted at the earliest possible date at which a pros
thesis is medically indicated. Immediate post-operative prosthetic fittings are 
generally very successful with children. 

Growth is one of the predominant problems in the prosthetic fitting 
for children. One has to distinguish between circumferential growth and 
linear growth. In order to compensate for circumferential growth, extra 
wall thickness in lower extremity prostheses constructed from wood could 
make it possible to remove material as the circumference of the stump in
creases. In prostheses constructed of plastic, it is possible to fit the socket 
with one or two inserts, these to be removed as indicated. Linear growth 
is compensated for by cutting the prosthesis and adding to its length. 
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It has also been recommended, at least in early childhood, to elevate 
the shoe on the nonamputated side by approximately 3 /8 inch and to fit 
the prosthesis to this increased length. The added length of the affected side 
could be removed gradually, until equal length is obtained. It is then possible 
to gradually add to the shoe of the affected side. In this manner growth 
of almost % inch can be compensated for. 

The Orthopedic and Prosthetic Appliance Journal of March 1967 carries 
an article by Howard V. Mooney which describes a different procedure to 
keep children's prostheses at the most functional length. 

The majority of prostheses for children are constructed, however, to 
compensate for a congenital birth defect. Most of these anomalies are found 
in the upper extremities, the most frequent one being the absence of one 
hand or part of the forearm. Anomalies of the lower extremities often consist, 
of either proximal or distal phocomelia, either unilateral or bilateral. Yet 
many other deficiencies are also seen. Dislocation of the hip joints are 
often associated with these disabilities. 

There can be no standard pattern for prosthetic replacement since the 
clinical picture varies considerably. In the case of distal phocomelia with 
relatively little shortening of the extremity, a built-up shoe may be the best 
approach. Under certain conditions, the removal of a functionally useless 
foot allows construction of a standard below-knee prosthesis. The same is 
true in the cases of proximal phocomelia where standard above-knee pros
theses can be utilized. Although a normal, or near normal foot may be 
present, end-bearing or accepted above-knee weightbearing principles often 
cannot be resorted to because of abnormal hip joints. Limited ischial bearing 
or exaggerated gluteal support has to be utilized. Wherever there is a freely 
movable ankle joint the remaining foot is fitted in extreme equinus to 
prevent unsightly protuberances in the prostheses. In order to insert the 
stump into the socket it is usually necessary to provide an anterior opening. 

Time of fitting with prostheses depends upon the child's development. 
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Fitting for functional upper extremity prostheses coincides with the ability 
of the child to sit erect. However, nonfunctional prostheses have been applied 
as early as the age of six months. Lower extremity prostheses are provided 
whenever the child shows an attempt to stand. 

Since growth is rather rapid and anomalies vary considerably, it has 
been the practice at the Institute of Rehabilitation Medicine to provide 
brace-type appliances with ischial gluteal weightbearing at an early age. 
A non-articulated foot is used. These braces allow for a maximum adjust
ment. Replacement with a definitive prosthesis usually takes place before 
school age. 

In cases of bilateral lower extremity amelia where sitting without a 
device is impossible or extremely difficult, a sitting device is constructed 
from a cast of the lower body part, which is attached to a board. Where 
body conformation allows, this is a closed socket; otherwise, there are lateral 
openings. The socket should be wide enough in its lower dimensions to 
allow for diapers. 

Prostheses for bilateral amelia should allow for hip locks and knee 
locks in order to allow a swing-through gait, although Canadian hip-type 
prostheses have been successful in isolated cases. 

One problem which is unique to the child amputee is the overgrowth 
of bony tissues, especially in the acquired amputation. Quite often multiple 
shortening of the bones have been resorted to in order to maintain a stump 
free of pain. 

Training of lower extremity amputees is an important requirement 
because it is very difficult to correct faulty gait patterns once they are 
established. 

Constant examination of skin in weightbearing areas is essential to 
determine need for adjustment or replacement. 

It is also necessary to have periodic checks of all mechanical parts to 
determine wear and breakage. 



Immediate Postsurgical Prostheses 
Past, Present, and Future 

by JOSEPH E. TRAUB, C.P.* 

Director, Prosthetics Research Study 
Seattle, Washington 98104 

On a sunny Sunday afternoon in June of 1963 just outside of Copen
hagen. Denmark during the opening day's lectures of the Sixth International 
Prosthetic Course, the world of amputation surgery and rehabilitation was 
shaken to its very foundations by a tall distinguished surgeon from Poland. 
The title of his paper that afternoon was simply, "Electromyographic 
Studies." To be sure, the substance of this paper was a statistical analysis 
of his electromyographical study of approximately 200 amputation stumps. 
The results of these studies were in themselves very enlightening and inter
esting, but the conclusions and use this man had put his findings to were 
simply astounding. Those Americans, including the author, fortunate enough 
to be present for the lecture of Professor Marian A. Weiss, came away 
questioning their hearing senses. "Did he really say that he had amputees 
walking with a prosthesis on the first day following surgery?" was a com
mon question. It was finally concluded that Professor Weiss had said just 
that, and that he must have been just a little crazy to make such a statement. 
"It is not possible for a patient to bear weight on an amputation wound so 
soon following surgery," was another commonly heard remark. 

As the days passed, a few people, especially the Americans, began to 
be intrigued by the possibilities of such a concept. Maybe it could be possible 
to apply a prosthesis to a fresh wound on the operating table. After all. 
it had been possible to lit some amputees with open ulcerating stump wounds 
which healed quickly when total contact fitting techniques were used. Also, 
a French surgeon. Dr. Michael Berlemont had been treating so-called "septic" 
stumps with plaster casts and carefully controlled ambulation since 1957 
with excellent results. 

With these facts in mind, it was decided that we should attempt to get 
more information on the technique and possibly try his method in the United 
States. Mr. A. Bennett Wilson, Jr., Executive Director of the Committee on 
Prosthetic Research and Development, a unit within the National A c a d e m y 
of Sciences, contacted Dr. Weiss regarding the additional information. 

Mr. Wilson learned that Dr. Weiss was scheduled to make a trip to the 
United States with a committee from the Polish Ministry of Health in the 
fall of 1963. This trip was funded by the Vocational Rehabilitation Adminis
tration which was supporting a portion of Dr. Weiss' research in Poland 
under a counterpart fund arrangement between the United States and Polish 
Governments. Although the travel schedule had already been confirmed, 
it was decided by both Mr. Wilson and Dr. Weiss that an attempt should 
be made to have Dr. Weiss visit some of the larger prosthetic research cen
ters in this country. 

*In July, 1967, Mr. Traub assumes office as Consultant on Prosthetics and Orthotics, 
Vocational Rehabilitation Administration, Washington, D.C. 



Upon his return to the United States, Mr. Wilson contacted the Voca
tional Rehabilitation Administration and with their complete cooperation, 
arranged for Dr. Weiss to visit the Biomechanics Laboratory of the Univer
sity of California at San Francisco, among others in October of 1963. 

Following this visit it still wasn't completely clear to the U.S. experts 
as to just what Dr. Weiss' routine for immediate postsurgical fitting was. This 
lack of clarity was no doubt due to a slight difficulty Dr. Weiss had express
ing himself in English. However, he had made enough of an impression on 
the experts at U.C. for them to want to try his technique as they under
stood it. 

Accordingly in January of 1964, two below knee amputations were 
done by the U.C. surgeons with plaster of Paris sockets applied over newly 
amputated stumps in the operating room. These casts were applied by a 
Danish Research Prosthetist, Mr. Erik Lyquist, who was at that time on a 
research fellowship at the Biomechanics Laboratory of the University of 
California. 

It was the author's privilege, together with Mr. Wilson, Mr. Anthony 
Staros, Director of the Veterans Administration Prosthetic Center, and Mr. 
Henry Gardner, Assistant to the Director, VAPC, to be present at the time 
of the second cast change on the second amputee which took place on the 
13th day following surgery, the patient having been ambulatory from the 
first post-operative day. The appearance of the stump shape and wound 
healing when the cast was removed was spectacular, to say the least. The 
patient had experienced very little post-operative pain, and had progressed 
extremely well in his ambulation. Although we did not have an oppor
tunity to see the other patient, we were told that the result with him was 
just as spectacular, and that he had been fitted with a permanent type PTB 
prosthesis on the 18th post-operative day. 

These two cases were enough to convince those present that Dr. Weiss' 
theory was indeed a valid one. However, it was recognized that much more 
must be learned about a technique so different from conventional methods of 
post-operative amputation management before it could be released generally 
to the surgical and prosthetic professions. 

Accordingly, during the winter and spring of 1964, several amputation 
centers embarked on a nationwide research program in immediate post
surgical prosthetic fittings. Principal among these centers were the U.C. 
Biomechanics Laboratory, the Navy Prosthetic Research Laboratory in Oak
land, California, The Hospital for Special Surgery in New York City, and 
the Prosthetics Research Study in Seattle, Washington. 

While the other centers undertook this program in addition to their 
other work, and in most instances without separate funding, the Prosthetics 
Research Study in Seattle was funded to study this technique by a contract 
between the Prosthetic and Sensory Aids Service of the Veterans Adminis
tration and the Principal Investigator, Ernest M. Burgess, M.D., an out
standing orthopedic surgeon. 

The early results using the concept of immediate postsurgical prosthetic 
fitting were somewhat spotty in all centers. A few of the problems en
countered were: pressure necrosis over bony prominences from inadequate 
casting, delayed wound healing from insufficient controlled pressure to the 
wound, intermittent edema from distal cast displacement, wound dehiscence 
due to the cast coming off or too tight a surgical closure, and wounds that 
would not heal at all due to insufficient blood supply to tissue at the elected 
level of amputation. 
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The difficulties encountered during the first year of this study seemed 
in no way related to early ambulation or casting the fresh stump, but rather 
were thought to be purely technical in nature. The solutions to these prob
lems required the development of considerable technical skill and a pro
fessional teamwork approach between the surgeon and prosthetist that did 
not as yet exist. 

It was necessary for each specialist to work closely with, and under
stand as much as possible, the skills of the other. For example, the surgical 
fashioning of an amputation stump for the successful fitting of a prosthesis 
now became mandatory, since the post-operative course was to be one of 
weightbearing and ambulation with a prosthesis. It was also necessary for 
the prosthetic application to be such that the wound and remaining ex
tremity would not be damaged or compromised by a continuous rigid 
dressing and the application of weightbearing forces to diseased or traumatically* involved tissues. Weightbearing and ambulation must be closely 
controlled and supervised to avoid trauma. Nurses must be trained to insure 
that the cast remains in place. The successful rehabilitation of a patient 
suffering an amputation then required true teamwork, so often spoken of 
but seldom achieved. The surgeon, prosthetist, physiatrist and/or physical 
therapist, and nurse, must coordinate their efforts continuously throughout 
the post-operative period in order to insure the successful completion of the 
rehabilitation process. 

To be sure, the surgeon must be the leader of this team and make the 
decisions, but he also must recognize and utilize the talents of all other team 
members, especially the prosthetist. 

In the beginning, it was generally assumed that wound drainage was 

*Amputation is considered to be trauma. 



not necessary if good hemostasis was achieved at the time of wound closure. 
However, in a few instances, hematomas were developed and the decision 
was made to drain all wounds to avoid as much as possible this painful 
complication. Also initially, it was felt that a cast should be applied that 
represented exactly the contour and fit of a prosthetic socket, providing 
unrestricted motion of the next proximal joint, i.e., the knee and hip joints. 
Suspension, or the lack of positive retention of the cast became the big prob
lem. In only a few instances did the cast come completely off, but in a 
majority of cases, the cast could he displaced enough distally with motion 
of the next proximal joint to allow the rapid formation of edema. 

At this point in the developmental research occurring in this country, 
it became apparent that a surgical-prosthetic research team should visit Dr. 
Weiss in Poland to determine exactly the technique he used, and to see his 
results firsthand. Dr. Burgess, Dr. Robert L. Romano, and the author, all 
of the Prosthetics Research Study in Seattle, Washington were chosen to 
make this trip with funds provided by the International Rehabilitation Ac
tivities Division of the Vocational Rehahlitation Administration. The agency, 
as was mentioned previously, had been partially supportng the research of 
Dr. Weiss for some time with counterpart funds in Poland. 

The trip to Poland was made in November of 1964. During the two 
weeks the U.S. team visited Dr. Weiss, a great deal of information was 
exchanged and much was learned. For example, Dr. Weiss was able to per
form three amputations for our team and demonstrate his then current tech
nique of Immediate Postsurgical Prosthetic Fitting on all three. One above 
knee, and two below knee patients were amputated with casts and prosthetic 
extensions applied immediately. 

Upon the return of the Prosthetics Research Study team to the United 
States, both the surgical and prosthetic techniques were refined. Surgery to 
include tension-myodesis, or muscle to bone fixation, and Penrose drainage 
extending through and through the wound. The prosthetic technique was 
refined by immobilization of the next proximal joint for suspension and the 
addition of a soft compressible material (sterile Huffed gauze or lambs wool) 
over the end of the slump to produce constant gentle compression of the 
wound and adjacent soft tissues. In addition, felt pads were designed and 
included in the cast to provide pressure relief to pressure sensitive areas and 
to produce controlled pressure over pressure tolerant areas. Also, work pro
gressed on the development of a good prosthetic pylon which would provide 
features of universal adjustability, light weight, proximal disconnect, and 
durability. 

Thus refined and standardized the evaluation of Immediate Postsurgical 
Prostheses progressed in an extremely rapid fashion through the years 1965 
and 1966. 

During the summer of 1966, a preliminary manual titled, "The Manage
ment of Lower Extremity Amputees Using Immediate Postsurgical Fitting 
Techniques," was prepared by the Prosthetics Research Study with the 
assistance of Mr. A. Bennett Wilson, Jr. The preparation of this manual 
was requested by the University Council on Prosthetics Education, the mem
bers of which were interested in introducing this technique into the Pros
thetics Education Programs at UCLA, Northwestern, and NYU. Further, a 
supplement to the manual describing a new approach to the management of 
above knee amputations was prepared in December, 1966. Both these pub
lications, originally published in limited supply by the Committee on Pros
thetic Research and Development of the National Academy of Sciences, have 
now been combined into one volume which is available from the Government 



Printing Office. Courses on Immediate Postugrical Prostheses are now 
scheduled for all three universities. 

Of course, not all the work done on this technique has been by the 
Seattle group. In addition to the prosthetic research centers mentioned 
previously, the Prosthetic Research Center, Prosthetic-Orthotic Department 
at Duke University Medical Center, the Department of Orthopedic Surgery 
at the University of Miami, Florida, and many others have contributed much 
to the growing knowledge in this field. The exchange of information be
tween these centers was made possible by the appointment of an Ad-Hoc 
Committee on Immediate Postsurgical Prostheses by the Committee on Pros
thetic Research and Development of the National Academy of Sciences. The 
members of this committee were Capt. Frank L. Golbranson, MC, USN. 
William R. Murray. M.I.)., and Ernest M. Burgess. M.D. Capt Golbranson 
served as the chairman of this ad hoc committee. 

At this point in time with more than 500 cases having been treated by 
Immediate Postsurgical Prosthetic Fitting by the research centers men
tioned above, the experiences have been such that it is desirable to release the 
knowledge gained for general application in rehabiltation practices for am
putees. The techniques developed through the research program are con
servative ones which if followed carefully, should prove successful in almost 
any setting—small hospital or large medical center. Of course, good clinical 
judgment still is of paramount importance both surgically and prostheticaliy. 
However, with the surgeon, prosthetist, physiatrist, physical therapist, etc., 
all working together as a team for the benefit of the patient, some spectacular 
results can be obtained. 

As we look into the future, there is, of course, much still to be done. 
Improvements in surgery—level selection in vascular cases, improved tension 
myodesis, implants, etc., and in prosthetics—direct socket forming with 
plastics on slumps, improved permanent pylon designs, externally powered 
lower extremity prostheses, etc.. are sure to come. The progress made over 
the past three years in the investigation of Immediate Postsurgical Prostheses 
has opened wide the doors for future improvement in the rehabilitation of 
amputees. We all look forward eagerly into the ever changing future and 
the continuing march toward the elimination of physical disability. 
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DR. GLATTLY HONORED BY 
THE AMERICAN ACADEMY OF 

ORTHOPAEDIC SURGEONS 

Doctor Harold W. Glattly, Execu
tive Secretary of the Committee on 
Prosthetic-Orthotic Education, (the 
Committee on the Skeletal System 
and the Committee on the Genito
Urinary System of the National Re
search Council's division of Medical 
Sciences), was recently elected to hon
orary membership in the American 
Academy of Orthopaedic Surgeons, a 
most unusual distinction for individ
uals who are not orthopedists. The 
Certificate of Honorary Membership 
was presented to Doctor Glattly by 
Doctor Charles H. Herndon, President-Elect of the American Academy 
of Orthopaedic Surgeons, who is the 
retiring Chairman of the Committee 
on the Skeletal System, at a work
shop on "Orthopedic Literature In
formation Services," sponsored by 
the Committee at the National Library 
of Medicine on May 19, 1967. At the 
same time, Doctor Herndon read a 

testimonial letter to the Committee 
members and the participants in this 
workshop, which the Committee had 
authorized him to send to the Secre
tary of the Army. In part, the letter 
reads: "Doctor Glattly has partici
pated in generating the acquisitive 
and inquisitive curiosities of the Com
mittee in the scientific area in many 
rewarding manners and thus signifi
cantly advancing the academic and 
research depth of American ortho
pedics. In the opinion of the Com
mittee, such expertice merits comment 
and recognition. This letter simply 
serves to document these superior ad
ministrative and scientific accom
plishments of Doctor Glattly. It is 
forwarded to you as a recognition 
and appreciation of the contribution 
of military medicine to civilian medi
cine at the highest level of national 
interest." 

Doctor Herndon noted in his pre
sentation that, as a result of Doctor 
Glattly's efforts, various accomplish
ments had been effected including the 
establishment of seminars for chiefs 
of training programs in orthopedic 
surgery and, in turn, the founding 
of the Joint Committee on Orthopedic 
Research and Education Seminars. 
He also noted that the National In
stitutes of Health have instituted a 
training program providing support 
for orthopedists who wish to go into 
academic and research careers. He 
stated that "information regarding 
the mechanics of funding research in 
orthopedics and musculoskeletal prob
lems has been disseminated as never 
before. Seminars and workshops on 
specific orthopedic problems that have 
required development have been con
ducted with great success. He (Doc
tor Glattly) has a way of going neat
ly to the heart of the matter and by
passing the trivia, which has been a 
tremendous help to us in ortho
pedics." 



A NEW SYMBOL FOR AOPA 

A new symbol for the American 
Orthotic and Prosthetic Association 
appears on the cover of this issue, to
gether with a change in the name of 
the Journal. 

The symbol or logotype will here
after be used on all publications and 
letterhead of the Association. It is 
the result of long study for a design 
which would reflect the professional 
image of members of the Association. 

The design shows a handicapped 
person rising to his feet and able to 
walk through the efforts and profes
sional skill of the ortholists and pros-
thetists shown on the right. It depicts 
the goal both are striving for—the 
restoration of the human function. 

In approving the new design, the 
President of the Association, George 
H. Lambert, Sr., C.P.O., said "We 
wanted a symbol that is simple, strik
ing, and—most of all—meaningful in 
conveying the essence of our work 
to the public." 

Orthotics and Prosthetics 

This is the first change since 1952 
when the Journal of OALMA became 
the Orthopedic and Prosthetic Appli
ance Journal. 

The format is unchanged and the 
volume numbering continues as in 
the past. 

The name of the Journal has been 
changed to Orthotics and Prosthetics. 
The copyrighted sub-title, The Or
thopedic and Prosthetic Appliance 
Journal, remains. 
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NEWS NOTES 
Robert 0 . Nitschke, CP . , of Rochester, N.Y., and Kurt Marschall, CP . , 

of Syracuse, N.Y., were guest speakers at the Annual Meeting of the New 
York Chapter of the American Physical Therapy Association, Inc. April 7-9 
in Rochester, N.Y. 

Mr. Nitschke covered the post-operative and early fitting methods and 
showed a film about special appliances. Mr. Marschall presented the patel
lar tendon supra-condylar prosthesis on slides and then demonstrated the 
new type of prosthesis on a bilateral amputee. 

A display area with prefabricated and finished products gave the physical 
therapist an insight into the new developments in prosthetics and orthotics. 

The article "University of Washington PTB Suspension System" which 
appeared in the March issue of the Journal, pages 58-60, describes work 
supported in part by U.S. Vocational Rehabilitation Administration Grant 
RT3. Reprints of the article are available from the Prosthetic-Orthotic Lab
oratory, University of Washington, Seattle, Washington 98105. 

The "ORIGINAL" 
WILLIAMS Lumbo-Sacrol Flexion Brace 

I Designed by Dr. Paul C. William*! 

"To reduce the lumbe-sacraJ lordosis and thui 
lift the weight frem the peiterler vertebral rim-
lures. Permit* free ant. flexion ef the lumbar 
spine but prevent* extension and lateral 
flexienc." 

Measurement*: 

1. Che*t (about 4" below nipple line) 

2. Waid (at navel line) 
3. Pelvic (Vi distance between greater 

trochanter and crest of ilium) 

4. Seventh cervical spinous process to 
the prominence ef Coccyx. 

ALL ORTHOPAEDIC APPLIANCES 
Orders filled at the request of member* of the profession only 

MILLER BRACE & SURGICAL SUPPORT CO. 
P. O. box 261 S I 

3902 Gaston Avenue Dallas, Texas 
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T R A U T M A N C A R V E R A T T A C H M E N T S 

CUTTERS 

Small Cutter No. 2100A. 
No. 2100AB Blades 

large Cutter No. 2100B. 
No. 2100BB Blades 

Sharpened (or one-half cost of a new set of blades, plus postage. 

Carver #2100 
Foot Switch 
#2100K 

Midget Cutter 
#2100H (including 
an extra blade) 

ATTACHMENTS 

Medium Sand Care Small Sand Core Roip No. 2100E. 
No. 2100C Medium No. 2100D. Small We resharpen the 

s i z e a b r a s i v e Rasp for one-half 
cones only. Coarse cost of new, plus 

Cone Cone No. S41H, postage. 
F ine C o n e N o . 
S41G. 

size abrasive cones 
Coarse Cone No. 
S41D, Fine 
No. S41E. 

Small Sand Drum 
No. 2100F. Small 
size abrasive sheets. 
Coarse No. S41T, 
Fine No. S41U. 
No. 21MFF - Flat 
Sides. 

Large Sand Drum No. 
2100O. Large size abra
sive sheets. Coarse 541V, 
Fine S41W. 

Write for price and delivery date 

TRAUTMAN SPECIALTIES, INC. 
410 Portland Avenue, Minneapolis, Minn. 55415 
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N O L E A T H E R L I K E J O N E S L E A T H E R 

For Appliances and Artificial Limbs 

Specially Tanned So Color Will Not 
Fade Off and Soil Under Garments 

Buckles, Rivets, Plastics, Webbings 
and other items 

WRITE FOR SAMPLE CARDS AND PRICES 

THE JOSEPH JONES COMPANY 
225 LAFAYETTE STREET NEW YORK, N. Y . 10012 

~ B e x J < £ / l _ A D J U S T A B L E 

H Y P E R E X T E N S t O N B R A C E 

• Quick release, snap-
out attachment 

• Adjustable, self align
ing posterior pad 

• Rotating adjustment 
for sternal and pubic 
pads 

• Vertical and horizon
tal sliding adjust
ments 

• Bi-lateral worm gear 
traction bands 

• Plastic water resist
ant pad covers 

• Constructed of 24 ST 
aluminum 

MODEL 
L-25 

1776 South Woodward • Birmingham. Michigan 

MANUFACTURERS OF PRECISION-MADE BRACE PARTS 

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 M P A N Y 2 4 H ° U f S e r v , C e 
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SCOLIOSIS BANDAGE OF DR. KALLADIS 

Our Sales Program in Conventional and Safety Knees 

Model 98 single axis knee 
in poplar or balsa 
nine sizes 

Model 200 safety knee w / o 
kicker 
six sizes 

Model 204 safety knee w / 
outside kicker 
six sizes 

Model 205 safety knee w / 
inside kicker 
five sizes 

Model 304 positive lock knee 
five sizes 

Model 319 new single axis 
knee with cosmetic 
features 
six sizes 

Available from: 

WAGNER'S ORTHOPEDIC SUPPLY CO. 
P.O. Box 1585 Salt Lake City, Utah 84110 
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When shapes vary 

CAMP fits right in; because CAMP fits right on. 



T h e s e C a m p p r o d u c t s h e l p 

I 

4 a 

CADENZA GIRDLES — FUNCTIONAL, FASHIONABLE 

Combine surgical support witl i cosmetic appeal. Blend 
powerful 
of suppo 
abdomiru 

rm fabric for right amount 
solurnbar. sacroiliac, and 
iels accommodate steels 

powerful 
of suppo 
abdomiru 

rm fabric for right amount 
solurnbar. sacroiliac, and 
iels accommodate steels 

i hen 

FOR LUMBOSACRAL 
APPLICATIONS 

More than 30 differer 
models in a wide range of 
styles and materials. Firmly 
boned and high-backed to 
limit the action of muscles 
and ligaments. Curve under 
gluteal region for secure 
anchor ing . A d d i t i o n a l 
steels may be added when 
prescribed. 

FOR SACROILIAC 
CONDITIONS 

Resls, supports and limits mo
bility. Provides precise con
trol by a series of lacings and 
buckles thai double and re
d o u b l e p o w e r . F i rmly an
chored around the pelvis. 



put patients back in shape 

IF ABDOMINAL SUPPORT 
IB INDICATED 

Provides a firm foundation 
around the pelvis. Reinforced 
panels rest the back, support 
the abdomen without undue 
constriction at any point. 

I 
a3 

4 

FOR MALE PATIENTS 

The most-prescribed model 
for men of intermediate build 
with a lumbosacral problem. 
Triple adjustment for extra 
powerful support. Four steels 
for maximum back support. 

J S ABDOMEN 

FOR THE OBESE MAN 
WITH A "BAD BACK" 

A comfortable elastic sacroiliac support. Rein
forced front with light boning for support of the 
abdomen. Solid-material back panel accommodates 
a sacroiliac pad for maximum support. 

lumbosacral suppur 



Camp capabilities extend 

from the first idea to the final fitting 
DESIGN 

Once a basic support or appliance is developed and incorporated in the broad Camp 
lino, it is constantly reviewed to find it il can be improved by the use of newly devel
oped materials. Often design changes are suggested by physicians as a result of new 
treatment techniques. 

AUSTRALIA • CANAC-A • ENGLAND • .NETHERLANDS • NEW ZEALAND • SPAIN • SWEDEN • SWITZERLAND 



r 
T h e y ' r e n o r m a l l o o k i n g - T h e y ' r e n o r m a l l y p r i c e d 

You can't hide the fact that some feet require special attention. 

But you can mask many foot defects with special accommo

dation in Sabel shoes that consider the displacement of 

area within the shoe and fit the foot without restriction. 

Shoes that are ruggedly built to stand the strains 

and stresses of corrective work. That feature 

heavy ribbed, flanged right and left steel shanks, 

Thomas heels, finest oak bend 

oil-treated soles to accept bracework, if required, and all 

prescribed corrections. So, what's a specially constructed 

shoe like this going to cost the customer? Just about 

what you'd expect him to pay for any pair of 

fine shoes. Sabel made it possible. 

SINGLE SHOES OR SPLIT SIZES ALWAYS AVAILABLE 

S A B E L ' S 

BASIC SHOES 

S A B E L D IV IS ION, C .H . A L D E N S H O E COMPANY, B R O C K T O N , MASS. 
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A new kind ol back support. 

Your patients need it. There isn't another back support like it. 
The YARDNEY COMO™ Contour Molded Support* braces the back firmly . . . yet 
it permits almost total natural movement. Lets people go about their normal activ
ities. And it can be worn with any clothing without being detected. 
It is a semi-rigid contour molded plastic insert which fits into an elastic belt. 
"Velcro" closures assure perfect fit. 
Clinical evaluations confirm prominent medical opinions that the YARDNEY 
COMO™ Contour Molded Support* gives effective, if not more effective relief than 
8 0 % of the supports it replaced in treatment of low back conditions. 
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K I N G S L E Y P R O D U C T S 

COSMETIC GLOVES 
T H E S T A N D A R D O F 

T H E I N D U S T R Y 

STANDARD COLORS 
A V A I L A B L E IN 12 D I F F E R E N T SHADES 
TO F IT E V E R Y REQUIREMENT. 

FEET 
WE " S P E C I A L I Z E IN S P E C I A L S " 
FOR YOUR S P E C I A L CASES 

MOLDED 
SACH FEET 

THE F U L L MOLDED FOOT 

1984 PLACENTIA AVENUE • COSTA MESA, CALIFORNIA 
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DEMAND T H E F I N E S T 
F O R Y O U R 
CUSTOMERS 

K E N D R I C K ' S 

s a c r o - l u m b a r 

s u p p o r t s 

P R E S C R I B E D B Y P H Y S I C I A N S . . . S O L D W I T H C O N F I D E N C E 

For your customers there should be no substitute for the finest. Kendrick Sacro-
Lumbar Supports are designed to meet the specifications of leading Orthopedic 
surgeons by providing firm, corrective support for your customers suffering severe 
back strain. 

Kendrick Sacro-Lumbar Supports feature an extra-long back, 1 2 " — 14", or 
16" deep, with four wide, resilient steels, spaced parallel to the spine. The steels arc 
curved to brace the entire back and can be easily removed for individual shaping or 
laundering. Special lacing allows easy adjustment of the two traction straps for 
posterior pressure. The medial front opening of the support has snap fasteners 
reinforced with hooks and eyes. All supports are fashioned in double gray coutil. 

Specify surgically correct Kendrick products for your customers. Their confi
dence in you will result in more frequent repeat sales and higher profits. 

You can recommend Kendrick with Confidence 

J A M E S R . K E N D R I C K C O M P A N Y , I N C . 
Philadelphia, Pa. 19144 New York, N. Y. 10016 

Kendrick 
S I N C E I 8 S 3 

Kendrick Sacro-Lumbar Support Style 
No. 0159 with 12"-14" deep back. Style 
No. 0160 available with 16" deep back. 
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P R E N Y L ® 

"The Most Versatile Material for Splinting" 

L. LAUFER & Co. is now Distributor 

to the Orthopedic and Prosthetic Professions, 

of this new Material-Concept in Splinting, 

by Appointment of ORTHO INDUSTRIES, INC. 

Here are a few of P R E N Y L ® ' s Characteristics: 

Easily Cut with Scissors 

Can Be Applied to the Skin Immediately after Heating 

Can Be Re-Formed at any Time 

Wil l Not Crack O r Break 

Non-Allergic and Non-Toxic 

Can Be Ground, Perforated or Riveted 

Write for Samples and Brochure 

L. Laufer & Co. 
50 West 29th Street . New York 1, N. Y. 

F O R T H E T R E A T M E N T A N D P R E V E N T I O N O F 

P A I N F U L N E C K C O N D I T I O N S 

Fits the Normal Contour of the Neck 

Provides Complete Relaxation 

Specially designed by Dr. Ruth Jackson 

Manufactured Exclusively By: 

T H l i - E Z E manur»ftui-iiiK c o . Inc. 

P. O B O X e S a * B U H B A N K C A L I F O R N I A 

1 
Q H t l l M i l l f P I U O W THE JACKSON " C E R V I P I L L O " 

COVERS ' ^ 3 ^ 
For That Added Decorator Touch , . . 

CERVIPILLO COVERS ate available in white and 
five pastel colors Designed lo fit all existing 
CERVIPILLOs. they are made of the highest 
quality washable, drip dry material. 

• White • Pink • Azure Blue 
COLORS * M a i z e Yellow • Mint Green 

• Mauve Lavender 
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N o . 1400 O P E N T O E . Straight-l ine sym
metrical last, firm heel , no back seam. 
A d a p t a b l e to Denis Browne Splints. 

N o . 1700 C L U B F O O T , O P E N T O E , S p e 
cial outf lare last, sturdy instep strap to 
stabi l ize heel . 

N o . 1300 C L O S E D T O E . Lace-to- toe 
des ign permits snug, gent le fit. Per 
fect ly smooth inside. 

M A I L C O U P O N F O R S A M P L E S 

I 1 
! G . W. C H E S B R O U G H C O . 

797 Smi th Street, Rochester , N . Y . 14606 

j NAME.. . . . , , • [ ] t l . „.... „ 

j ADDRESS iu, 

I O T Y _ „ _ 

louis C. Weld, the Founder of 
G. W. Chesbrough Co ' "My 
own persona! experience fed 
to the development of Ches-
brough Orthopedic Pre-Walk-
ers, clubfoot, open foe and 
closed toe Surgka's." 

" C h e s b r o u g h P r e - W a l k e r s 

m e a n 

N E W b u s i n e s s f o r y o u " 

"Here are orthopedic shoes parents can afford. 
Orthopedic surgeons in 50 states and many 
foreign countries are now prescribing them. 
Spectacular sales figures prove it. This impor
tant referral business can be yours. 

"When a child in my own family needed a 
corrective shoe, I discovered what a strain it 
can mean to a family budget, because 1) cor
rective footwear is expensive and 2) frequent 
purchase of new corrective shoes is required. 
Then and there I decided there was a real need 
for a moderately priced corrective shoe—a shoe 
parents could afford. That's why and when 
Chesbrough Orthopedic Pre-Walkers were born. 

"Our 68 years of shoe-making experience 
resulted in corrective Pre-Walkers of scientific 
design, expert workmanship, fine leathers com
bined with orthopedically correct lasts to pro
vide necessary correction at an economical 
price." 

At l t h e * * in untined w h i t , elk, sites 000 lo 4 , n a r r o w and w i d e . 
A v a i l a b l e in full pai rs, split pai rs or single shoes (no e x t r a 
charge far half pairs). 
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READY TO FIT HAND, WRIST AND FINGER BRACES, 
CERVICAL BRACES, TRAINING AIDS AND SPECIAL 
APPLIANCES - PLUS A COMPLETE LINE OF SPINAL 
AND LEG BRACES CUSTOM MANUFACTURED TO 
YOUR MEASUREMENTS. 

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

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

2 2 0 W . 2 8 t h S t r e e t - B a l t i m o r e , M d . 2 1 2 1 1 
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S U P P L I E R S T O 

P R O S T H E T I C & O R T H O T I C F A C I L I T I E S 

THE SOURCE FOR ALL YOUR SHOP NEEDS 

STUMP SOCKS-BRACES-CORSETS 
HOSIERY—TRACTION EQUIPMENT 

PROSTHETIC & ORTHOTIC 
PARTS-SUPPLIES COMPONENTS 

ABRASIVES—BUCKLES—RIVETS—VELCRO 
CHEMICALS-PLASTICS-PLASTER 

TOOLS-FOAMS-LEATHER-STOCKINETTE 
WEBBING-WOOD-FABRICS 

CURITY 
LAMBS 
WOOL 

I oz. 

Packages 

J O H N S O N & J O H N S O N 
RUHRSTERN 

Elastic Plaster Bandage 

BOCK—KINGSLEY—U. S. MFG. 

ORLON® LYCRA® STUMP SOCKS 

Rolled 
4 P e r C a r t o n Ready For 

Application 

FOR IMMEDIATE 
Post O p e r a t i v e Prosthet ic Fi t t ings 

DOW C O R N I N G 

Medical Adhesive B & Remover 

U. S. MANUFACTURING C O . 

A/K & B/K Postsurgical Pylons 

Complete Line Of 
Components & Supplies 

For 
Immediate Post Operative 

Prosthetic Fittings 

Write for Complete Information 

t p ^ e : k n i t - r i t e c o m p a n y 
1121 GRAND AVENUE • KANSAS CITY, MISSOURI 64106 

PHONE: 816-221-0206 
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PLASTISKIN" Perfection 
"Color stability is good, permanence is satisfactory— 

resistance to soiling is substantially superior— 

are much easier to keep clean." 

"Human Limbs & Their Substitutes," sponsored by 

Committee on Artificial Limbs, National Research Council. 

Tenenbaum, Prosthetics 
463-469 East 142nd Street, New York 54, N. Y . 


